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Entangled active matter: From ants to living cells 

Françoise Brochard-Wyart, Francoise.Brochard@curie.fr. Institut Curie, Paris, France  

We introduce the broad field of entangled active matter, a novel class of non-equilibrium 
materials composed of many interacting units that individually consume energy and 
collectively generate motion or mechanical stresses. Unlike swarms of fish and flocks of 
birds, both ants and cells can support static loads. This is because both cells and ants 
are also entangled, so that the individual units are bound by transient links. We explore 
and establish analogies between aggregates of both ants and cells in analogy with soft 
matter physics. We first describe the mechanical properties of this entangled active 
matter (surface tension, elastic modulus, viscosity). We use parallel-plate compression 
and pipette aspiration technique. Both aggregates of cells and ants exhibit a viscoelastic 
response. For cells, we observe aggregate reinforcement with pressure, which may 
results in pulsed contractions or “shivering”. We interpret this reinforcement as a 
mechano-sensitive active response of the acto-myosin cortex. We then describe the 
spreading of cellular aggregates on rigid and soft substrates, varying both intercellular 
and substrate adhesion. We find both partial and complete wetting, with a precursor film 
forming a cellular monolayer in a liquid or gas state. We show that the spreading of 
aggregates of ants is very similar, with a dense precursor film on water and a gas state 
on a solid substrate. We model the dynamics of spreading from a balance between 
active cellular driving forces and permeation of cells to enter into the film. On soft 
substrate, the precursor film is unstable, leading to a symmetry breaking and a global 
motion of the aggregate as a giant keratocytes. We describe the shapes of migrating 
aggregates, the flow and the force field responsible of the motion. We monitored the 
center of mass motion and we observe stick-slip. We extend our work to hybrid 
nanoparticles-cellular aggregates: we show that nanoparticles, within a limited size 
range, can be used as a glue “nanostickers” to enable the formation of self-assembled 
aggregates by promoting cell–cell interactions. We find that carboxylated polystyrene 
NPs are more efficient than the silica NPs of the same size, which were reported to 
induce fast wound healing and to glue soft tissue by Leibler et al. We hope that our 
models applied to active entangled matter will spur further investigations into ants and 
cells as active materials, and inspire the fabrication of synthetic analogs. 
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Estimating colloidal attachments onto fibrous substrates: From nanoparticle 
functionalization to pathogen detection 

Tanmay Bera1, tanmay.bera@gmail.com, Patrick Sisco1, Hilal Goktas2,3, Aaron 
Bandremer3, Andrew Fong1, Sean Linder1, Karen Gleason2, Stephen Torosian3. (1) 
Food and Drug Administration, Orlando, Florida, United States (2) Dept. Chem Enging, 
MIT, Cambridge, Massachusetts, United States (3) Winchester Engineering and 



Analytical Center, Food and Drug Administration, Winchester, Massachusetts, United 
States  

Colloidal attachment to functional surfaces is a phenomenon that is encountered in 
various applications. Their correct estimation is often regarded as being critical since it 
is associated to the functionality and performance of the overall system. For example, 
the correct estimation of bacterial attachment to a biosensor surface reveals its 
sensitivity and detection limits. Similarly, the number (or density) of nanoparticles 
binding to functionalized substrates reveals the effectiveness of the functionalization 
process. Such colloidal attachments are usually characterized quantitatively using 
analytical tools such as spectroscopy, plate counts or oxidation utilization, all of which 
have limitations in precision. Imaging techniques such as electron microscopy are 
mostly used for qualitative visualization. While there have been some examples of the 
quantification of colloidal interactions, along with their size characterizations, done 
through electron microscopy, yet they have largely been restricted to planar substrates. 
However, non-planar substrates such as 3D fibrous matrixes are more often used as a 
functional surface due to their high surface area and resemblance to real-time systems 
such as textiles and water/air-filters. Thus an estimation technique that quantifies 
colloidal attachment on such systems using standard imaging tools like electron 
microscopy is needed. Herein, we present an estimation method that can quantify 
micron to nano size colloids on 3D fibrous matrices. In this method, electron microscopy 
images were processed using the NIH approved ImageJ platform to estimate both 
nanoparticle (nano size) and bacterial (micron size) attachment of functional surfaces. 
The method was optimized and compared with standard analytical tools to minimize 
errors to less than ±10 %, and was verified for 4 strains of bacteria and 4 different 
geometrical shaped for metal nanoparticles. Our results also indicate that selective 
estimation of individual bacterial species or nanoparticle types could also be possible 
using this method. The estimation methods also helped us to understand both specific 
and non-specific bacterial attachment. It further shed light on functionalization and 
conjugation of nanoparticles onto different substrates which ultimately helped us design 
a better pathogen sensor. We believe such estimation methods will also help improve 
other technologically relevant applications where colloidal attachments are prevalent. 
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Influence of surface roughness on colloid retention in impinging jet experiments 

Jacqueline A. Rasmuson, farnsworthanna@gmail.com. Geology and Geophysics, 
University of Utah, Salt Lake City, Utah, United States  

The failure of present transport models to accurately predict colloid attachment in 
column and field experiments is often explained by the absence of surface roughness in 
these models. The need to include roughness is obvious, as real collector surfaces are 
never as smooth as they are in a laboratory setting. However, there lacks a consensus 
on whether roughness serves to enhance or impede attachment under conditions 
favorable or unfavorable for attachment. In order to elucidate this issue, a series of 



impinging jet experiments were conducted for untreated (i.e. smooth glass slides) and 
treated (i.e. roughened glass slides) under favorable and unfavorable geochemical 
conditions for a range of colloid sizes (i.e. tens of nm to several µm). These experiments 
allowed direct observation of particle attachment, detachment, and average near-
surface velocities. The results reveal that roughness can both increase and decrease 
particle attachment and detachment under a given set of conditions, and highlight the 
need to include both DLVO and hydrodynamic effects of surface roughness in future 
transport models. 
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Radioactivity-induced charging: Theory, measurements, and applications 

Yong-ha Kim1, yhkim0916@gatech.edu, Sotira Yiacoumi1, Costas Tsouris1,2. (1) 
Georgia Institute of Technology, Atlanta, Georgia, United States (2) Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, United States  

Because radionuclides are ubiquitous on earth, it is necessary to more accurately 
understand radiological phenomena of radionuclides in the environment. One such 
radiological phenomenon is radioactivity-induced charging. Radionuclides undergo 
radioactive decay which results in chemical transformation of the radionuclides through 
emission of energetic particles, such as alpha and beta particles. Alpha and beta 
particles are inherently charged; thus, products generated by alpha and beta decay of 
radionuclides are intrinsically charged to maintain a charge balance. Energy of the 
emitted particles may be transferred to neighboring molecules on the trajectory of the 
particles. These molecules can be ionized and then captured by materials in the 
surrounding environment. Materials capturing ions also become charged or discharged. 
Since Becquerel's discovery of radioactivity, followed by the discovery of polonium and 
radium by P. and M. Curie, these phenomena have been extensively studied in various 
science and engineering fields. This study is aimed at reviewing the progress of 
theoretical and experimental investigations of radioactivity-induced charging, including 
our own recent work. Theoretical approaches reviewed in this study include charge and 
force balances that have been used since the mid-1950s. Charge balance equations 
consist of terms describing charging mechanisms, such as self and diffusion charging. 
Force balance equations generally include electrodynamic forces to consider 
radioactivity-induced charging. Various measurement techniques to quantify 
radioactivity-induced charge are introduced. Advantages and disadvantages of 
measurement techniques of radioactivity-induced charging are discussed. Application 
studies of radioactivity-induced charging are also examined. 
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Modeling diffusiophoresis during CO2 dissolution into aqueous suspensions 

Orest Shardt1, oshardt@princeton.edu, Sangwoo Shin1, Patrick B. Warren2, Howard A. 
Stone1. (1) Department of Mechanical and Aerospace Engineering, Princeton 



University, Princeton, New Jersey, United States (2) Unilever R&D Port Sunlight, 
Bebington, United Kingdom  

Diffusiophoresis is the motion of particles due to gradients in chemical potential. This 
phenomenon has been primarily studied in aqueous systems by bringing solutions with 
different solute concentrations into contact or using reactions at a solid surface to create 
gradients in reactant and product concentrations. Here we examine theoretically 
whether the ion concentration gradients produced when carbon dioxide dissolves into 
an aqueous suspension are sufficient in both magnitude and duration to drive particle 
motion. We develop a model that couples the kinetics of CO2 hydration and carbonic 
acid dissociation with the diffusion of the generated ions and dissolved CO2. Using this 
model, we investigate how the partial pressure of the CO2 reservoir affects the 
diffusiophoretic speed of the particles and the extent to which particles can be 
concentrated towards or away from the CO2-water interface, which depends on the sign 
of their surface charge. The predictions of the model are compared with experiments in 
microfluidic channels. We also comment on the behavior expected with other soluble 
gases. 
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Transport of highly concentrated microemulsion-stabilized iron oxide 
nanoparticles through porous media 

Dennis Hsu, dennishao.hsu@mail.utoronto.ca, Francis Choi, Edgar Acosta. University 
of Toronto, Toronto, Ontario, Canada  

Iron oxide nanoparticles, despite being useful in environmental and biomedical 
applications, are difficult to stabilize in aqueous media. Recent work has shown that it is 
possible to stabilize these nanoparticles in water-continuous microemulsions for more 
than 6 months without signs of settling or phase separation. This work sought to 
understand the transport of these suspended nanoparticles through porous media. To 
this end, these suspensions were injected through sand-packed columns at three 
different concentrations (2.5, 5 and 10 g Fe/L) and at Darcy velocities of 5 and 20 
m/day, typical of velocities used in environmental remediation applications. 
Breakthrough curves for iron, and the microemulsions were obtained for various 
combinations of velocities and iron concentration. The pressure drops obtained with the 
different conditions suggested that for suspensions that display relatively high 
viscosities (more than 50 mPa*s), the transport of nanoparticles in sand is limited. 
However, for low viscosity systems, the transport of the nanoparticles was quite 
effective, in some cases reaching recoveries of 70% particles or more, similar to the 
best suspensions methods currently available for iron nanoparticles. The breakthrough 
curves were further modelled using colloid filtration theory (CFE). Pre and post-tracer 
tests, microscope imaging and dynamic light-scattering (DLS) suggest that particle 
flocculation and attachment is the dominant filtration mechanism, especially during 
periods where the microemulsion experiences conditions (e.g. dilution) where the 
suspension becomes unstable. 
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Deposition of bentonite particles in the presence of cellulose nanocrystals from 
flowing suspensions onto model surfaces 

Yaman Boluk, yaman.boluk@ualberta.ca. Department of Civil and Environmental, 
University of Alberta, Edmonton, Alberta, Canada  

Deposition of bentonite particles from water based drilling fluids play an important role 
on the fluid loss control in drilling operations. Deposition of bentonite particles in the 
presence of rod shaped cellulose nanocrystals have been investigated from flowing 
suspensions onto parallel-plate channel collector surfaces. The presence of repelling 
rod shaped cellulose nanoparticles onto the deposition of bigger colloidal bentonite 
particles increased the particle depostion by depletion mechanism. According to 
theoretical prediction, thin rodlike particles with the length 
(L) much smaller than the radius (R) of larger colloidal particles have to be much more 
effective depletants. Experimental results were discussed by comparing with convective 
diffusion equation. 
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Diffusiophoresis at the CO2-water interface 

Sangwoo Shin1, sangwoos@princeton.edu, Orest Shardt1, Patrick B. Warren2, Howard 
A. Stone1. (1) Department of Mechanical and Aerospace Engineering, Princeton 
University, Princeton, New Jersey, United States (2) Unilever R&D Port Sunlight, 
Bebington, United Kingdom  

Diffusiophoresis describes the phenomenon where a particle undergoes directed motion 
due to a chemical gradient. Typically, diffusiophoresis is observed in liquid 
environments where a chemical gradient is generated by local injection of solutions with 
different solute concentrations. Here, we show that diffusiophoresis of colloidal particles 
can also be achieved by gas dissolution into a liquid, namely, CO2 dissolution in water 
and consequent dissociation of carbonic acid. Through systematic experiments with 
microfluidic channels having various geometries, we confirm that a large diffusion 
potential built up by local carbonic acid dissociation leads to strong particle 
electrophoresis that is consistent with theoretical predictions. Due to the dominant 
contribution of electrophoresis to the overall diffusiophoresis, we demonstrate that 
particles can be either repelled from or attracted toward the gas-liquid interface based 
on their surface charge. 

CSSS 9 

Prediction of nanoparticle and colloid attachment on unfavorable mineral 
surfaces using representative discrete heterogeneity 



William P. Johnson1, william.johnson@utah.edu, Jacob Trauscht1, Eddy F. Pazmino2. 
(1) Univ of Utah, Salt Lake City, Utah, United States (2) Metallurgical Engineering, 
Escuela Politecnica Nacionale Ecuador, Quito, Pinchincha, Ecuador  

Despite several decades of research there currently exists no mechanistic theory to 
predict colloid attachment in porous media under environmental conditions where 
colloid-collector repulsion exists (unfavorable conditions for attachment). It has long 
been inferred that nano- to micro-scale surface heterogeneity (herein called discrete 
heterogeneity) drives colloid attachment under unfavorable conditions. Incorporating 
discrete heterogeneity into colloid-collector interaction calculations in particle trajectory 
simulations predicts colloid attachment under unfavorable conditions. As yet, discrete 
heterogeneity cannot be independently measured by spectroscopic or other approaches 
in ways directly relevant to colloid-surface interaction. This, combined with the fact that 
a given discrete heterogeneity representation will interact differently with different-sized 
colloids as well as different ionic strengths for a given sized colloid, suggests a strategy 
to back out representative discrete heterogeneity by comparison of simulations to 
experiments performed across a range of colloid size, solution IS, and fluid velocity. 
This has recently been performed for interaction of carboxylate modified polystyrene 
latex (CML) microsphere attachment to soda lime glass at pH 6.7 with NaCl electrolyte. 
However, extension to other surfaces, pH values, and electrolytes is needed. For this 
reason, attachment of CML (0.25, 1.1 and 2.0 µm diameters) from aqueous suspension 
onto a variety of unfavorable mineral surfaces (soda lime glass, muscovite and albite) 
was examined for multiple pH values 6.7 & 8.0), fluid velocities (1.71 × 10−3 and 5.94 
×10−3 ms−1), IS (6.0 & 20 mM), and electrolytes (NaCl, CaSO4, & multivalent mixtures). 
The resulting representative heterogeneities (heterodomain size and surface coverage, 
where heterodomain refers to nano- to micro-scale attractive domains) yielded colloid 
attachment predictions that were compared to predictions from existing applicable semi-
empirical expressions in order to examine the strengths and weaknesses of the discrete 
heterogeneity approach and opportunities for improvement. 
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Keynote Lecture: Aging in tenuous soft solids: Stretched and compressed 
exponential dynamics 

Emanuela Del Gado, emanuela.del.gado@georgetown.edu. Physics and ISM2, 
Georgetown University, Washington, District of Columbia, United States  

Soft amorphous solids such as particle gels may undergo a progressive aging over 
time, with dramatic impact on the material properties. This phenomenon can be 
detected in inelastic scattering experiments which measure the time decay of the 
correlations in the density fluctuations. 
Contrasting behaviors have been observed in supposedly similar gels, with either 
slower or faster than exponential decay of time correlations. Using numerical 
simulations of a model particle gel, our study reveals that the origin of the dramatically 
different aging dynamics is in the qualitative change of the distribution of microscopic 



displacements following the structural changes induced by the aging, when the frozen-in 
enthalpic stresses signicantly overcome thermal fluctuations and Brownian stresses. 
These findings help us rationalize apparently contradictory observations and predict that 
in soft solids, where extended floppy modes may coexist with high energy barriers and 
threshold stresses for relaxation, interaction strengths large enough with respect to kBT 
may lead to faster than exponential relaxation dynamics. The mechanisms unraveled 
contribute to and underlie the response of tenuous gels to shear and mechanical 
deformations, with implications for their technological applications and rheological 
behavior which could open new ways to control and design smart soft materials. 
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Locally glassy dynamics in colloidal systems with competing interactions 

Paul D. Godfrin3, godfrin@mit.edu, Steven D. Hudson1, Kunlun Hong5, Lionel Porcar6, 
Peter Falus6, Norman J. Wagner2, Yun Liu4,2. (1) Polymers Complex Fluids Group, 
NIST, Gaithersburg, Maryland, United States (2) Dept of Chemical Engineering, 
University of Delaware, Newark, Delaware, United States (3) Department of Chemical 
Engineering, Massachusetts institute of Technology, Cambridge, Massachusetts, United 
States (4) NIST Center for Neutron Research, Gaithersburg, Maryland, United States 
(5) Oak Ridge National Lab, Oak Ridge, Tennessee, United States (6) Institut Laue-
Langevin, Grenoble, France  

Colloidal systems with a combination of short-range attraction (SA) and long-range 
repulsion (LR) have received significant interest due to their wide variety of solution 
states, such as cluster fluids unique to SALR interactions and kinetically trapped states 
reminiscent of purely SA systems. While dynamic arrest at intermediate volume 
fractions (i.e., gelation) driven purely by attraction has been heavily studied (and 
remains under debate), the influence of an additional repulsive force is poorly 
understood. To study these systems, we use highly purified lysozyme, which is well-
known to interact via an SALR potential at low ionic strengths. Over a broad range of 
protein concentrations, the solution structure is quantified using small angle neutron 
scattering while the dynamics over short times is directly measured using neutron spin 
echo and over long times is inferred from viscosity measurements. While the viscosity 
displays Newtonian behavior under all conditions, the short time dynamics become sub-
diffusive at elevated protein concentrations and low temperature. This disparity in short 
and long time dynamics is correlated with the formation of intermediate range order, but 
only occurs at concentrations well beyond the structural percolation transition. These 
heterogeneous percolated networks contain localized regions of high density that 
reduce protein motion, resulting in glassy-like behavior over short times, yet maintain 
macroscopic liquid-like behavior. The structural and dynamic characteristics of SALR 
systems found here are distinct from macroscopically heterogeneous attractive driven 
gels, but may provide insight into the mechanism of kinetic arrest in those systems. 
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Effect of depletant dispersity on phase behavior of model attractive colloid 

Na Y. Park, nykim@uh.edu, Jacinta Conrad. Chemical and Biomolecular Engineering, 
University of Houston, Houston, Texas, United States  

Nonadsorbing polymers are often introduced to colloidal suspensions as depletants to 
induce a controlled attractive interaction between the particles. Although the phase 
behavior of model hard spheres with uniformly disperse depletants has been widely 
studied, polymer samples are never monodisperse in real systems. To study the effect 
of depletant dispersity, we investigated the phase behavior of a suspension of sterically 
stabilized poly(methyl methacrylate) (PMMA) particles (a = 990 nm) with a binary 
mixture of linear polystyrene (PS) of two different molecular weights added as 
depletants (Rg = 2.77 nm, 23.3 nm). We compared the phase behavior of this system 
with two other depletion systems, each with one of the two PS added as depletant. The 
radii of both PS were less than 3% of the particle radius, so the attractions were short 
ranged. The resulting particle phase behavior was independent of polystyrene size and 
polydispersity in the semidilute regime (Cp > Cp*), and was controlled solely by the total 
concentration of polystyrene relative to the overlap concentration (Cp / Cp*). Moreover, 
microstructural and dynamic metrics depended only on Cp / Cp* in the semidilute regime, 
confirming that the depletant dispersity did not significantly affect the structure and 
dynamics of the suspensions. Below the overlap concentration, the structural metrics 
depended only on Cp / Cp*; the dynamics of the systems with the smallest depletant, 
however, exhibited differences. When Rg was less than the estimated Debye length 
(O(20nm)), the dynamics of the particles at Φ ≥ 0.25 increased with increasing Cp / Cp* 
up to Cp = Cp* before decreasing in the semidilute regime. This trend in dynamics with 
increasing depletant concentration was reminiscent of reentrant melting observed in 
colloidal glasses. 
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The sol-to-gel transition 

Raiya H. Ebini, raiya@ksu.edu, Christopher M. Sorensen. Kansas State University, 
Manhattan, Kansas, United States  

We present experimental results for the kinetics of colloidal aggregation showing the 
sol-to-gel transition. We use dynamic light scattering (DLS) and small angle static light 
scattering (SASLS) simultaneously. We found that the kinetics of the sol-to-gel transition 
has three different phases. The first one is the well known cluster-dilute phase where 
the kinetics, expressed by the kinetic exponent z, take the value of z=0.97±0.04. The 
second phase is the cluster-dense phase. When time is properly adjusted, the kinetics 
are enhanced reaching a value of z=1.86±0.2. The third phase is the rounding off phase 
resulting in dramatic reduction in the kinetics. This rounding off occurs at the ideal gel 
point (IGP). With theory, one can calculate the aggregate (cluster) size (Rg) at the IGP 
and the theory agrees well with the experiment. In conclusion the well-known cluster-
dilute kinetics transfers into cluster-dense kinetics which enhances aggregation up to 



the IGP, consistent with the IGP theory developed previously in our laboratory. Beyond 
the ideal gel point the aggregates’ motion becomes hindered and kinetics drastically 
slows down. 
With DLS we found the stretching exponent β depends on the length scale used to 
probe the system compared to the cluster size and hence is a universal function of qRh, 
where q is the scattering wave vector. β decreases below one when the light scattering 
probes the internal dynamics of the clusters regardless of whether the system is gelled 
or not. 
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Microgel particles in non-aqueous colloid-polymer mixtures 

Jessica Bonham1, jessica.bonham@bristol.ac.uk, Malcolm Faers2, Jeroen van 
Duijneveldt3. (1) School of Chemistry, University of Bristol, Bristol, United Kingdom (2) 
Bayer CropScience, Monheim, Germany  

Microgel particles are crosslinked polymer latex particles that can swell under suitable 
solvent conditions. The ability of such particles to change size in response to changes in 
solvency makes them of particular interest for smart materials. Nonetheless, the 
inherent softness of these cross linked particles is a common topic of contention. 
Microgel particles are often described as being compressible, penetrable or even as 
core shell particles, with a hard interior and a soft polymer-brush like shell. The particle 
softness depends on the cross link density and solvent quality of the system, however 
how soft the particles really are, and how this affects their ability to model hard spheres, 
is still unclear. 
 
Poly(styrene) and divinylbenzene microgel particles have been synthesised and swollen 
in non-aqueous solvents, where the only known parameter to control the particle’s 
swelling is the solvency. Binary mixtures of microgel plus non-adsorbing polymer have 
been compared to that of hard sphere particles plus non-adsorbing polymer, using 
differential interface contrast microscopy and rheology. Two types of colloidal hard 
spheres were used, both of which formed weak gels on the addition of a critical polymer 
concentration, however for the microgel particles a higher concentration of non-
adsorbing polymer was required to induce aggregation and even then, clusters rather 
than space-filling gels were obtained. 
 
Ternary mixtures of microgels, hard spheres and polymers produced gel like structures 
when the polymer exceeded a critical concentration. Replacing some of the hard 
spheres with microgel particles led to an increase in the polymer concentration needed 
to induce an elastic gel, giving evidence that the microgels are not quite acting as hard 
spheres and that there is some element of deformability within their structure. Both 
confocal microscopy and energy-dispersive X-ray spectroscopy show a homogeneous 
network of hard spheres and microgel particles, without evidence for segregation of the 
two types of particle. 
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Ion exchange induced gelation of zirconium phosphate nanosheet in 
polyelectrolyte solution 

Xiayun Huang2, sherry.huangxiayun@gmail.com, Zhengdong Cheng1, Oscar de 
Llergo1, Samantha Marquez3. (1) Texas A M Univ, College Station, Texas, United 
States (2) Texas A&M University, College Station, Texas, United States (3) Yale 
University, New Haven, Connecticut, United States  

Gelation behavior of colloidal nanosheet suspension has been used as an ideal system 
for studying the formation of arrested state of matter. Synthetic and high aspect ratio α-
Zirconium phosphate monolayer nanosheets have recently received our attention as a 
new type of liquid crystal building blocks. Fast gelation of those colloidal nanosheet was 
also observed via the anisotropic face-to-rim attraction induced by depletion attraction 
and ionic exchange. A fluid to jammed gel phase transition and relative rheological 
characteristics were investigated at low volume fraction and shorter period of time. We 
contribute this phase behavior to the competition between the driving forces for 
isotropic-nematic and jammed gel transitions of attractive colloidal nanosheets, which 
was tuned by concentration of polyelectrolyte solution. The “house of card” configuration 
of those high aspect ratio nanosheet formed by phase separating at low colloidal 
volume fraction and adjust the isolated locations at high colloidal volume fraction. 
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The role of hydrodynamic interactions in colloidal dispersions with short-ranged 
attraction and long-ranged repulsion 

Zsigmond Varga, zsv000@gmail.com, James W. Swan. Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

Colloidal gels are formed during arrested phase separation. Sub-micron, mutually 
attractive particles aggregate to form a system-spanning network with high interfacial 
area, far from equilibrium. Models for microstructural evolution during colloidal gelation 
have often struggled to match experimental results with long standing questions 
regarding the role of hydrodynamic interactions. In the present work, we demonstrate 
simulations of gelation in a dispersion of colloids interacting pair-wise via a short-ranged 
attraction and long-ranged repulsion with and without hydrodynamic interactions 
between the suspended particles. The disparities between these simulations are striking 
and mirror the experimental-theoretical mismatch in the literature. The hydrodynamic 
simulations agree with experimental observations, however. 
 
We explore a simple model of the competing transport processes in gelation that 
anticipates these disparities, and conclude that hydrodynamic forces are essential. Near 
the gel boundary, there exists a competition between compaction of individual 
aggregates, which suppresses gelation and coagulation of aggregates, which enhances 
it. The time scale for compaction is mildly slowed by hydrodynamic interactions, while 
the time scale for coagulation is greatly accelerated by collective motion of particles 
within an aggregate. This enhancement to coagulation leads to a shift in the gel 
boundary to lower strengths of attraction and lower particle concentrations when 
compared to models that neglect hydrodynamic interactions.When aggregation is 
reaction limited, as is the case for particles interacting via a short-ranged attraction and 
a long-ranged repulsion, the diffusive dynamics of particle clusters are key to 
establishing the correct aggregation rate. Long-ranged hydrodynamic interactions 
between particles result in aggregates that diffuse anisotropically, which promote the 
growth of percolated networks as opposed to condensed domains. This result 
necessitates a fundamental rethinking of how both microscopic and macroscopic 
models for gelation kinetics in colloids are developed. 
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Keynote Lecture: Forces, stresses and the (thermo?) dynamics of active matter 

John Brady, jfbrady@caltech.edu. Division of Chemistry & Chemical Engineering, 
California Institute of Technology, Pasadena, California, United States  

One of the distinguishing features of many living systems is their ability to move, to self 
propel, and to be active. Through their motion, either voluntarily or involuntarily, living 
systems are able to self assemble: birds flock, fish school, bacteria swarm, etc. But 
such behavior is not limited to living systems. Recent advances in colloid chemistry 
have led to the development of synthetic, nonliving particles that are able to undergo 
autonomous motion by converting chemical energy into mechanical motion and work – 
chemical swimming. This swimming or intrinsic activity imparts new behaviors to active 
matter that distinguish it from equilibrium condensed matter systems. For example, 
active matter generates its own internal stress, which can drive it far from equilibrium 
and free it from conventional thermodynamic constraints, and by so doing active matter 
can control and direct its own behavior and that of its surroundings. In this talk I will 
discuss our recent work on active colloids and on the origin of a new source for stress 
that is responsible for self assembly and pattern formation in active matter. 
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Enzymatic reaction-propelled microswimmers 

Woo-Sik Jang1, jangw@seas.upenn.edu, Gang Duan4, Ellen Reed5, Daeyeon Lee2, 
Daniel A. Hammer3. (1) Chemical and Biomolecular Engineering, The University of 
Pennsylvania, Philadelphia, Pennsylvania, United States (2) University of Penn, 
Philadelphia, Pennsylvania, United States (3) Chemical and Biomolecular Engineering, 
University of Pennsylvania, Philadelphia, Pennsylvania, United States (4) Chemical and 



Biomolecular Engineering, The University of Pennsylvania, Bryn Mawr, Pennsylvania, 
United States (5) Chemical and Biomolecular Engineering, The University of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

Polymersomes are robust vesicles made from amphiphilic block co-polymers. Large 
populations of uniform giant polymersomes with defined, entrapped species can be 
made by templating of double-emulsions using microfluidics. In the present study, we 
fabricate the two step enzymatic reaction triggered self propelled polymersomes via 
microfluidic double emulsion technique. The first enzymatic reaction generates 
hydrogen peroxide (H2O2); glucose oxidase (GOx) converts D-glucose (DG) and 
generates the D-glucono 1, 5 lacton and H2O2. The second enzymatic reaction induces 
the collective motion of polymersomes: H2O2 from the first reaction diffuses and interact 
with the membrane-associated platinum (Pt). One of the critical steps in realizing such a 
scheme is the incorporation of Pt on the polymersome membrane, which we achieve 
using a recently developed microfluidic double emulsion method. We investigate the 
importance of the two enzymatic reactions in collective motion of polymersomes and 
demonstrate that the collective motion of polymersomes could be tuned by varying the 
concentration of enzymes. 
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Epithelial cells on toroidal hydrogen 

Ya-Wen Chang1, yawenwin@gmail.com, Ricardo Cruz2, Alexandros A. Fragkopoulos1, 
Samantha Marquez3, Andres Garcia2, Alberto Fernandez-Nieves1. (1) School of 
Physics, Georgia Institute of Technology, Atlanta, Georgia, United States (2) Petit 
Institute of Bioengineering, Georgia Institute of Technology, Atlanta, Georgia, United 
States (3) Yale University, New Haven, Connecticut, United States  

The study of multicellular sheets is of great interest because of their important role in 
tissue development, morphogenesis, and wound healing. In confluent layer of epithelia 
at sufficiently high densities, cells coordinate their behavior and can collectively respond 
to physical and chemical stimuli. For example, heterogeneity of tissue tension within a 
planar 2D monolayer has been shown to correlate with the collective cell migration 
pattern as well as with the local increase in cell proliferation. However, much less is 
known about how cells respond to out-of-plane curvatures that are on the order of 1 to 
100 cell lengths. Here, we investigate the proliferation and structure of MDCK on 
toroidal hydrogel substrates; unlike spherical or planar substrates, toroidal substrates 
have regions of both positive and negative Gaussian curvature. We can control the 
range of curvature via tuning the size and aspect ratio of the hydrogel torus, allowing us 
to explore the relation between substrate curvature, cell arrangement, and cell 
proliferation. 
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Defect unbinding in active nematic toroids 



Perry Ellis, pellis30@gatech.edu, Ya-wen Chang, Alberto Fernandez-Nieves. Physics, 
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When confined to a curved surface, ordered materials experience geometric frustration. 
This frustration can be relieved by nucleating one or more defects in the order. For 
toroidal surfaces, the topology dictates that the total defect charge must be zero; 
however, energetics may still cause the ground state to be defective. Calculations and 
simulations for crystals and nematics on the surface of a torus predict that defects 
appear as oppositely charged pairs. These pairs then unbind, with the positive defect 
migrating towards the outside of the torus and the negative defect migrating towards the 
inside of the handle. Here, we experimentally realize an extensile active nematic on the 
surface of a toroid. The activity drives the system far from the ground state and causes 
continuous creation and annihilation of defects. We find that the defects unbind and we 
explore the role of activity in the strength of the unbinding. 
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Multi-shell hollow nanogels with responsive shell permeability 

Walter Richtering2, richtering@rwth-aachen.de, Andreas Schmid2, Jan Skov 
Pedersen1, Igor Potemkin3, Andrey Rudolf3, Peter Lindner4, Matthias Karg5. (1) Aarhus 
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We report on hollow shell-shell nanogels with two polymer shells that have different 
volume phase transition temperatures. By means of small angle neutron scattering 
(SANS) employing contrast variation and molecular dynamics (MD) simulations we 
show that hollow shell-shell nanocontainers are ideal systems for controlled drug 
delivery: The temperature responsive swelling of the inner shell controls the uptake and 
release, while the thermoresponsive swelling of the outer shell controls the size of the 
void and the colloidal stability. 
At temperatures between 32 °C < T < 42 °C, the hollow nanocontainers provide a 
significant void, which is even larger than the initial core size of the template, and they 
possess a high colloidal stability due to the steric stabilization of the swollen outer shell. 
Computer simulations showed, that temperature induced switching of the permeability 
of the inner shell allows for the encapsulation in and release of molecules from the 
cavity. 
 
Scientific Reports, 6:22736, (2016) DOI: 10.1038/srep22736 
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Bijel fibers using solvent transfer-induced phase separation (STRIPS) 



Martin Haase2, Nima Sharifi-Mood2, Kathleen J. Stebe1, Daeyeon Lee2, 
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Bicontinuous interfacially jammed emulsions (Bijels) are novel soft materials with 
potential applications in areas ranging from healthcare, cosmetics, and food to energy 
and diverse chemical technologies. Bijels are typically prepared by arresting spinodal 
decomposition of two fluid phases via interfacial attachment and jamming of colloidal 
particles. Their fabrication is currently limited to a few pairs of immiscible liquids, and 
bicontinuous morphology can be obtained within narrow composition and temperature 
windows, potentially limiting the widespread utilization of this promising material. We 
explore the formation of bijels by solvent transfer-induced phase separation (STRIP) of 
ternary mixtures. The use of commercially available silica nanoparticles and ionic 
surfactants allows us to continuously form bijel fibers with controllable morphologies and 
domain sizes down to a few hundreds of nanometers. We study the dependence of fiber 
morphology on different control parameters such as particle and surfactant 
concentrations. We also develop a new in situ technique to characterize the mechanical 
properties of bijel fibers during different stages of their maturation. This talk will also 
discuss some potential applications of STRIPS bijels in the area of membrane 
separations. 
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Control of shape and internal structure of spherical and non-spherical 
microparticles templated from liquid crystalline droplets 

Xiaoguang Wang1, xwang373@wisc.edu, Emre Bukusoglu1, Daniel Miller1, Marco 
Bedolla Pantoja1, Jie Xiang2, Oleg Lavrentovich2, Nicholas L. Abbott1. (1) Department of 
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We report that aqueous dispersions of micrometer-sized liquid crystal (LC) droplets 
provide the basis of a general and facile methodology for the templated synthesis of 
spherical and non-spherical polymeric microparticles with complex internal structures. 
Specifically, we have generated populations of nematic LC droplets with distinct 
configurations by using a range of approaches (e.g., using glycerol as continuous 
phase, surfactant adsorption in the presence or absence of colloids, or by tuning the 
chemical composition of mixtures of non-reactive LC mesogens and reactive LC 
monomers), photo-polymerized the reactive monomer 4-(3-acryloyoxypropyloxy) 
benzoic acid 2-methyl-1,4-phenylene ester (RM257) within the droplets, and then 
extracted the non-reactive LC mesogens to yield polymeric particles. Using this 
procedure, we have demonstrated that LC droplets exhibiting bipolar, radial, axial or 
preradial configurations can template the formation of lemon-shaped, spherical, 
spherocylindrical or pear-shaped polymeric microparticles, respectively. These 
microparticles possess characteristic optical signatures under crossed polarizers 



indicating the presence of an internal LC-templated, anisotropic polymer network. By 
using a simple microfluidic system to generate monodisperse LC droplets containing 10 
to 40 % wt/wt of RM257, we demonstrate it is possible to form lemon-shaped 
monodisperse polymeric microparticles can be tuned systematically to possess aspect 
ratios ranging from 2.4 to 1.2. Overall, these advances provide new principles for the 
synthesis of optically complex and anisometric polymeric particles. 
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A general route to prepare Janus particles based on liquid marbles 
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Janus particles are special particles whose surfaces have at least two distinct properties 
and/or polarities. Due to their special characteristics, Janus particles offer tremendous 
potential for various applications. The past decades have developed synthetic strategies 
for the successful preparation of diverse well-designed and functionalized Janus 
particles, but general methods of surface modification and functionalization regardless 
of the natures of the substrates have seldom been reported. Herein, we reported the 
combination of the employment of liquid marbles as microreactors with the remarkable 
adhesive ability of polydopamine to develop a novel route to the synthesis of Janus 
particles from hydrophobic micron-sized particles. Since polydopamine has 
demonstrated strong adhesion to virtually all types of surfaces, these microreactors 
would be suitable for depositing polydopamine films to various particle shells, making it 
a common method to fabricate Janus particles generated from different materials. 
Similar to the Pickering emulsion, when particles adsorb to the air/liquid interface, the 
distance that particles penetrate into the liquid phase is mainly dealt with their surface 
energies. Thus, it is possible to control the position of the particles at the air/water 
interface through the addition of surfactants, salts and/or organic solvents to the liquid 
marbles, resulting in the change of Janus balance at the particle surface. Furthermore, 
owing to the many functional groups in polydopamine, versatile strategies could be 
introduced to use these Janus particles as platforms for secondary modification, 
including particle immobilization, metal ion chelating and reduction, and chemical 
reactions. Given the flexibility in the choice of cores and the secondary modification 
strategies, this developed two-step method is distinctive in its high universality, good 
controllability and great practicability. 
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Ion-specificity in particle aggregation studied by AFM colloidal probe and light 
scattering techniques: Towards an extended Hofmeister series 

Tamas Oncsik1, tamas.oncsik@unige.ch, Francisco Javier Montes Ruiz-Cabello2, 
Gregor Trefalt1, Istvan Szilagyi1, Michal Borkovec1. (1) Department of Inorganic and 
Analytical Chemistry, University of Geneva, Geneva, Geneva, Switzerland (2) 
Department of Applied Physics, University of Granada, Granada, Spain  

Ion-specificity is a widespread phenomenon which has a high impact in many areas 
such as biology, physical and colloid chemistry. Regardless of the phenomenon studied, 
the ions follow the well-known Hofmeister series, which order the different anions and 
cations, accordingly. In particular, aggregation of colloidal particles is greatly influenced 
by the nature of the ionic species present in the suspension [1-5]. In this presentation, 
effect of various monovalent ions on charging and aggregation of polystyrene-based 
latex particles will be shown. Static and dynamic light scattering, AFM-based colloidal 
probe and electrophoresis are the main experimental techniques used throughout. 
 
First, experimental evidence will be demonstrated that the interaction force profiles 
involving positively charged, amidine functionalized latex particles cannot be described 
only by the classical DLVO theory. An additional attractive non-DLVO force must be 
included in order to explain the different extent of the coagulating power of the anions. 
Uniquely in the scientific literature, we directly compared the stability ratios calculated 
from AFM force measurements to the ones obtained by light scattering using 



suspensions containing the same type of particles [3]. 
In addition, particle aggregation studies involving negatively charged, sulfate modified 
latex particles and novel type of electrolytes will be presented. Room temperature, 
water-miscible ionic liquids (ILs) containing cations of different hydrophobicity were 
used as coagulating agents. With the knowledge generated by these results, an 
extended Hofmeister series of cations is proposed [4,5]. 
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Anomalous dispersion of ‘Hedgehog’ particles 
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Particles in ‘phobic’ liquid environment are subjected to entropy-driven irreversible 
aggregation. The instability of colloidal dispersions in the ‘phobic’ solvents are typically 
circumvented by polarity matching with the environment through interfacial chemical 
modification, the process of which is known as the ‘similarity rule’. By creating a 
pronounced surface corrugation at the particle interface, we reasoned that geometrical 
voids would diminish the effects of attractive surface and volumetric forces, thereby 
reducing their aggregation tendencies in ‘phobic’ solvents. We synthesized micro-scale 
particles with high aspect-ratio interfacial nano-topography, which we call the 
‘hedgehog’ particles (HP) reflective of its morphology, by electrostatic adsorption of ZnO 
nanoparticles onto a polystyrene microsphere followed by ZnO nanospike growth 
normal to the core surface. As expected, as-made hydrophilic HPs form excellent 
dispersion in water and silanated hydrophobic HPs form excellent dispersion in apolar 
organic solvents, complying with the ‘similarity rule’. Contrary to the expectation, 
hydrophobic HPs show equivalently excellent aqueous dispersion. The Derjaguin-
Landau-Verwey-Overbeek (DLVO) calculations revealed a significant decrease in 
hydrophobic and van der Waals (vdW) attraction due to drastic reduction in the 
interacting effective surface areas and volumes. In addition, high aspect-ratio interfacial 



corrugation induces Cassie-Baxter type wetting regime causing trapped air-pockets in 
between the spike-interstitials and around the core. Strong repulsive electrostatic 
interaction potential is additionally generated due to auto-ionization at the air-water 
interface. The drastic reduction in the attractive interaction due to spiky shell geometry 
also accounts for stable dispersion of hydrophilic HPs in apolar organic solvents. Unlike 
the case of aqueous dispersion of hydrophobic HPs, the source of extra repulsion 
originates from prolonged DL electrostatic effect due to negligible ionization of apolar 
solvents that results in a notable increase in the Debye length. Dispersion stability of 
surfactant-free HPs in ‘phobic’ solvents offers a different perspectives on colloidal 
research that may lead to new strategies for exotic colloidal interactions and self-
assemblies. 
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Using advanced rheological and neutron scattering techniques to determine 
signatures of branching in wormlike micelles (WLMs) 
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Self-assembled wormlike micelles (WLMs) are of particular scientific and technological 
interest due to their ability to branch, break, and reform under shear, which can lead to 
nonlinear flow phenomena and instabilities such as shear banding [1]. To determine 
rheological and structural signatures of branching, the rheology and shear-induced 
microstructures of a model series of WLMs is studied to determine the effect of 
branching on shear flow phenomena. The degree of branching in the mixed 
cationic/anionic surfactant (CTAT/SDBS) solutions is controlled via the addition of the 
hydrotropic salt sodium tosylate [2]. Rheological signatures of branching are determined 
with various nonlinear deformations, including steady shear, shear startup, orthogonal 
superposition (OSP), and large amplitude oscillatory shear (LAOS). Micellar branching 
leads to deviations from Maxwellian behavior in the LVE rheology, and steady shear 
and shear startup rheological results indicate that branching inhibits shear banding [3]. 
The startup stress overshoot behavior and the orthogonal dynamic moduli under shear 
are both reflective of branched, topological differences in the solutions. To determine 
microstructural signatures of branching, flow-small angle neutron scattering (flow-
SANS) is performed under steady shear, shear startup, and large amplitude oscillatory 
shear (LAOS) in the flow-gradient (1-2) and flow-vorticity (1-3) planes. The shear-
induced ordering and stability of the solutions is spatially and temporally characterized, 
where local segmental alignment is found to be a complex function of the branching 
level, radial position, and deformation type [3,4]. Results confirm that shear banding is 
mitigated with high branching levels for all deformation types. This multi-technique 
approach has enabled us to link the micellar microstructure and topology to the 
macroscopic flow properties of WLM solutions and is part of a broader effort to 



characterize branching in chemical polymers and self-assembled systems. The 
experimental shear banding results under several deformation types provide a data set 
for the development and testing of microstructure-based constitutive equations that 
explicitly incorporate branching and breakage. 
 
[1] Lerouge, S. and J. F. Berret, Polymer Characterization 230, 2009. 
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Light-triggered contents release from liposomes in a two-photon microscope 
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A generic delivery platform that could deliver any biomolecule, independent of its 
chemical constitution, would be a significant advance for researchers in cell biology and 
neuroscience. At present, small molecule delivery is done via “caged” compounds. 
However, each bioactive requires the chemical synthesis of its own “cage”. As yet, no 
NIR triggered caged compounds are effective under typical experimental conditions. To 
address these issues, we have developed liposomes tethered to plasmon-resonant 
Hollow Gold Nanoshells (HGN) that can be triggered to release their contents by 
picosecond pulses of physiologically friendly, deeply penetrating near infrared (NIR) 
light. Liposomes tethered to HGN can encapsulate almost any water-soluble biologically 
active molecule by confining high concentrations in liposomes tethered to HGN. A major 
benefit of this technique is the universal mechanism of liposome contents release via 
nanobubble rupture following pulsed NIR light triggering: any molecule will be released 
by liposome rupture, so release rates, timing, laser fluence, etc. will be similar for all 
compounds of interest. By modifying the laser fluence, HGN properties, and liposome 
membrane composition, we can alter the energy threshold for triggering release, 
enabling delivery of multiple agents at different times and locations, which is impossible 
with current liposome or caged compound technologies. Chemically disparate calcium, 
ATP, carboxyfluorescein (CF), and cisplatin are all released at near 100 % efficiency 
from liposomes within msec. We create liposomes that can release at different laser 
fluences so that we can control release rates and windows of each biomolecule in a 
mixture independently, by delivering two species or even changing the order of release. 
We can release one compound at one place and time, then a second compound at the 
same place at a different time simply by modulating the laser energy. This independent 
release has never been demonstrated before. Our delivery platform would be powerful 
medical and scientific tools to advance modern targeted biomolecule delivery 
technologies and resolve challenges for loading, delivery, and release of multiple drugs. 
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The design of electrochemically-responsive interfaces is a growing direction in the field 
of colloid and surface science, for biological, energy, electronics and environmental 
applications.[1,2] In particular, organometallics and their metallopolymers have been 
attractive platforms for selective binding processes due to the ability to molecularly tune 
their Faradaic process based on ligand-metal design. We have developed an redox-
mediated sorption method based on heterogeneous organometallic interfaces (e.g. 
ferrocene or cobaltocene) for the sorption and release of specific ions from the liquid-
phase under oxidizing and reducing conditions.[2] Asymmetric design of the electrodes 
with dual-redox functionalization leads to tandem separation of both organic cations and 
anions, often micro-pollutants of emerging environmental concern, with high separation 
factors (>180) and ion capacity (>250 mg/g) against excess competing electrolyte. 
Rather than rely solely on charge or size, our redox-electrodes target these compounds 
through the activation of an unusual hydrogen bonding mechanism, with a high 
selectivity towards organic anion groups such as sulfonates, carboxylates and 
phosphonates. Furthermore, the asymmetric arrangement results in high specific 
capacitances (498 F/g) and controlled water chemistry due to the favourable electron-
transfer kinetics at the surface of these electrodes. This results in very high separation 
factors towards ultra-dilute contaminants such as pesticides and endocrine disruptors 
which would otherwise swamped by hydroxides. Finally, these same principles are 
applied towards removal of heavy-metal contaminants, and even modulating the 
interfacial interaction towards biomacromolecules. 
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Figure 1. Asymmetric organometallic pseudocapacitors for controlled water chemistry and 
selective interfacial adsorption 
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By selectively controlling the favorability of specific interfacial interactions, surfactants 
can be facile tools for the synthesis and modification of complex colloidal systems. 
Consequently, applications ranging from pharmaceuticals to detergents rely on the 
addition of appropriate surfactants to a colloidal suspension in order to induce or 
suppress the formation or reorganization of its constituent phases. However, controlling 
the self-assembly of colloidal systems in response to other external stimuli could be 
invaluable in the areas of sensing, drug molecule or nanoparticle encapsulation and 
delivery, and reversible stabilization and destabilization in mineral extraction. In this 
work, we discuss how diverse stimuli can be coupled to colloidal systems using 
surfactants that have been suitably functionalized to be responsive to light, pH, and CO2 
and their applications to the synthesis and control of complex emulsions, and the 



reversible compaction of polymeric and biomolecular species. 
 
The properties and functions of complex emulsions are consequences of the geometry 
and composition of the constituent droplets. We model the interplay between the 
interfacial tensions that control three- and four-phase complex emulsions to explain how 
they can display highly controllable and reconfigurable morphologies. We demonstrate 
that droplet geometries can be alternated between encapsulated and Janus 
configurations via variations in interfacial tensions as controlled with hydrocarbon-based 
and fluorocarbon-based surfactants, including stimuli-responsive and cleavable 
surfactants. 
 
Subsequently, we discuss the use of a new class of CO2-responsive surfactants and 
use molecular dynamics simulations to explain how alterations in surfactant structure 
and concomitant electrostatic interactions results in significant changes in micellar 
structure and surface tension. We demonstrate how this can be implemented in various 
colloidal systems ranging from microemulsions to polymers, and in particular, we 
demonstrate reversible binding and compaction to biomolecules such as DNA on 
bubbling with CO2 and N2. 
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Blood is a suspension of objects of various shapes, sizes and mechanical properties, 
whose distribution during flow is important in many contexts. Red blood cells tend to 
migrate toward the center of a blood vessel, leaving a cell-free layer at the vessel wall, 
while white blood cells and platelets are preferentially found near the walls, a 
phenomenon called margination that is critical for the physiological responses of 
inflammation and hemostasis. Additionally, drug delivery particles in the bloodstream 
also undergo margination – the influence of these phenomena on the efficacy of such 
particles is unknown. 
 
In this talk a mechanistic theory is developed to describe segregation in blood and other 
confined multicomponent suspensions. It incorporates the two key phenomena arising 
in these systems at low Reynolds number: hydrodynamic pair collisions and wall-
induced migration. In simple shear flow, several regimes of segregation arise, 
depending on the value of a ``margination parameter'' M. Most importantly, there is a 
critical value of M below which a sharp ``drainage transition'' occurs: one component is 
completely depleted from the bulk flow to the vicinity of the walls. Direct simulations also 
exhibit this transition as the size or flexibility ratio of the components changes. Results 
are presented for both Couette and plane Poiseuille flow. Experiments performed in the 



laboratory of Wilbur Lam indicate the physiological and clinical importance of these 
observations. 

 

 
 
Segregation of a suspension of flexible (red) and stiff (white) capsules in simple shear flow: 
result from direct simulation. 

CSSS 32 
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We develop a continuum theory for the stress-gradient-induced migration of polymers in 
presence of solid boundaries. For a model electro-osmotic flow with periodic slip wall 
velocity, we obtain theoretical results for the steady-state distribution of dilute polymer 
solutions using a systematic perturbation analysis in Weissenberg number. The theory 
is also extended to incorporate additional effects due to wall hydrodynamic interactions. 
By comparing the theoretical results with Brownian Dynamics (BD) and Stochastic 
Rotation Dynamics (SRD) simulations, we show that our theory can accurately capture 
the migration phenomena when the polymer coil size is less than half of the length scale 
over which the velocity gradient changes. Predicting polymer distribution in confined 
geometries is crucial in lubrication, oil recovery, microelectronics processing, and next 
generation DNA sequencing technologies. 
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Biofunctional particles are routinely used in medicine to capture soluble analytes, assist 
in the sorting of cells and aid in the delivery of drugs, genes and therapeutic agents. A 
recent extension of this is the use of colloidal particles is in acoustofluidic systems, 
whereby particles are driven to regions of minimum energy by standing pressure waves. 
We have developed a class of elastomeric and monodisperse particles with highly 
programmable properties that allows them to discriminately separate from cells and 
most other types of commercial particles in such systems. These particles are 
comprised of silicone gels and are synthesized from the nucleation and growth of silicon 
alkoxide and alkoxysilane monomers that enable precise tunability in size, density and 
bulk modulus of the subsequent particle. By virtue of their elastomeric properties, these 
particles rapidly focus along the pressure antinodes of a standing wave, thus imparting 
the ability to use these particles to address a variety of existing problems in a new and 
interesting ways. For example, by tailoring the surface of the particles with biopolymers 
(e.g., elastin-like polypeptides), we show that these particles can be used to rapidly 
isolate biomarkers from diluted whole blood. Secondly, we show that these particles can 
bind to mammalian cells for their capture and sequestration in microfluidic devices as a 
potential means for cell sorting. Also, we show that the synthesis of these particles can 
be scaled by several orders of magnitude (e.g., producing 10^13 particles in a single 
batch), which has implications in industrial production. Finally, as a proof-of-principle 
demonstration, we show that some hydrophobic dermatological agents (e.g., retinol, 
Vitmain A) can be embedded into the bulk of the particles in a facile manner for 
potential transdermal applications. 
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The study of how soft objects deform to pass through narrow openings is important for 
understanding how red blood cells squeeze through narrow capillaries, how tumor cells 
undergo extravasation during cancer metastasis, and how to engineer deformable drug 
delivery carriers with improved therapeutic efficacy. In this work, we systematically 
explore how soft microparticles with various internal architectures deform during 
passage through microfluidic constrictions. We synthesize hydrogel particles with well-
defined internal and external architectures using lithography-based UV polymerization in 
microfluidic channels (stop flow lithography). Using this in situ technique, we are able to 
explore a wide range of 2D particle architectures and their effect on particle 
deformation. We observe that particles undergo buckling of internal supports and 
reorientation at the constriction entrance in order to adopt a preferred shape that 
minimizes the total elastic strain energy of the deformed particle. Finite element 



simulations of microparticle deformation under compression support our experimental 
results. 

 

 
 
Figure 1. Deformation of hydrogel particle flowing through microfluidic constriction and finite 
element simulation of particle under compression 
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Self-propelled, chemically-powered colloidal locomotors are swimmers designed to 
transverse small scale landscapes in a range of applications involving micropumping, 
sensing and cargo transport. Applications can require that the locomotors navigate 
precisely prescribed pathways, in which case onboard steering mechanisms are 
incorporated into the engine design. We demonstrate, through numerical simulation how 
boundaries can simply and passively guide locomotors to move along their surfaces. As 
a model system we choose an engine design in which a spherical Janus colloid coated 
with a symmetrical catalyst cap converts fuel in a continuous liquid phase into a product 
solute on one side of the colloid. The solute is repelled from the colloid through a short 
range interaction in a thin layer around the particle which is much smaller than the 
swimmer radius. The concentration gradient which develops because of the asymmetric 
production on the active Janus side creates a slip velocity in the layer which propels the 
swimmer in the direction opposite to the cap (self-diffusiophoresis). Previous research 
has demonstrated that diffusiophoretically-driven Janus swimmers reaching a planar 
wall can, for a range of active cap areas, rotate to a configuration in which the active 
side is partially inclined from the wall and the locomotor skims at a constant separation 
distance. In this configuration, the net diffusiophoretic propulsive torque balances the 
hydrodynamic torque resulting from the wall proximity, and the net diffusiophoretic force 
normal to the wall is equal to zero. The propulsive force along the surface balances the 
hydrodynamic resistance, allowing the colloid to skim. This represents the simplest form 



of passive guidance. 
 
Here we investigate the more complicated example of boundary guidance in which the 
swimmer skimming along a planar wall encounters a second wall which intersects the 
first. We use a boundary integral method to compute the resulting colloid trajectory as a 
function of the size of the active cap area and the intersection angle. We find that 
torques exerted on the swimmer arising from the hydrodynamic interaction with the wall 
and the diffusiophoretic propulsive force cause the colloid to rotate from its stable 
skimming configuration. We develop criteria, as a function of the intersection angle and 
cap size, to describe when the colloid resumes skimming along the intersecting 
boundary, or rebounds from the wall breaking the boundary guidance. 
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Hydrodynamics of catalytically self-propelled particles 

Nima Sharifi-Mood2, nima.sharifi-mood@cd-adapco.com, Mir Karim3, Ali Mozaffari1, 
Ubaldo M. Cordova-Figueroa3. (1) Chemical Enginnering, Levich Institute, City College 
of New York, New york, New York, United States (2) CD-adapco, Lebanon, New 
Hampshire, United States (3) Chemical Engineering, University of Puerto Rico - 
Mayaguez, Mayaguez, Puerto Rico, United States  

Colloidal motors capable of autonomously traversing the liquid exhibit remarkable 
nonequilibrium phenomena including clustering and phase separation. Regarding 
motion of micron and sub-micron motors, the nature of viscous medium and the role of 
Brownian motions are substantial and hence, it is crucial to perceive the 
microhydrodynamics beside the underlying driving force for propulsion in probing the 
collective dynamics of the system. An increasing number of experiments on 
catalytically-driven (active) colloidal particles have shown that the interaction of 
chemically active particles is more complicated than usual interaction of two nonreactive 
(passive) particles. Indeed, each chemically active particle changes the distribution of 
product (or reactant) solutes which, in turn, alters the motion of the other particles. In 
this case, the motions of active particles are influenced not only by hydrodynamic 
interactions but also via diffusive interactions of the solute distribution generated (or 
consumed) at the surface of the active areas of each colloid with the boundary of other 
colloids. 
 
In this study, we first develop an analytical solution based on a continuum approach to 
address the pair interaction of two partially active colloids with arbitrary orientations. 
Colloid's translational and angular velocities at Stokes flow regime are obtained using 
Reynolds Reciprocal Theorem (RRT) based on an asymptotic approach in which the net 
interaction creates a slip-velocity at the surface which actuates the motion. Our analysis 
indicates two possible scenarios for pair trajectories of self-propelled particles: either the 
particles approach, come into contact and assemble or they interact and move away 
from each other (escape). For motions of the colloids, it is found that the direction of 
particle rotations is the key factor in determining the escape or assembly scenario. Next, 



we extend this work to account for many body interactions of a suspension of self-
propelled particles by Stokesian Dynamics (SD) simulations. The phoretic interactions 
between the colloidal motors are short-range and hence can be considered in a 
pairwise additive fashion and the hydrodynamic and Brownian forces are taken into 
account according to the standard SD. The proposed numerical platform can shed light 
in our challenging search for a fundamental understanding of reductionist systems in the 
active matter. 

CSSS 37 

Visualizing nanoscopic topography and patterns in freely standing thin films 

Yiran Zhang, Subinuer Yilixiati, Vivek Sharma, viveks@uic.edu. Chemical Engineering, 
University of Illinois at Chicago, Chicago, Illinois, United States  

Thin liquid films containing micelles, nanoparticles, polyelectrolyte-surfactant complexes 
and smectic liquid crystals undergo thinning in a discontinuous, step-wise fashion. The 
discontinuous jumps in thickness are often characterized by quantifying changes in the 
intensity of reflected monochromatic light, modulated by thin film interference from a 
region of interest. Stratifying thin films exhibit a mosaic pattern in reflected white light 
microscopy, attributed to the coexistence of domains with various thicknesses, 
separated by steps. Using Interferometry Digital Imaging Optical Microscopy (IDIOM) 
protocols developed in the course of this study, we spatially resolve for the first time, the 
landscape of stratifying freely standing thin films. We distinguish nanoscopic rims, 
mesas and craters, and follow their emergence and growth. In particular, for thin films 
containing micelles of sodium dodecyl sulfate (SDS), these topological features involve 
discontinuous, thickness transitions with concentration-dependent steps of 5-25 nm. 
These non-flat features result from oscillatory, periodic, supramolecular structural forces 
that arise in confined fluids, and arise due to complex coupling of hydrodynamic and 
thermodynamic effects at the nanoscale. 
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Nanobiophotonics and its medical applications 

Luke Lee, lplee@berkeley.edu. UC Berkeley, Berkeley, California, United States  

In this talk, I will present nanoscale biophotonics for fundamental life sciences and 
precision medicine. First, I will introduce a satellite nanoscope that allows non-invasive 
optical imaging of electron-transfer (ET) dynamics in live cells. The satellite nanoscope 
is designed to capture the real-time ET imaging of enzymes using Plasmon Resonance 
Energy Transfer (PRET) mechanism and quantized plasmon quenching dips in 
resonant Rayleigh scattering spectra. Second, I will discuss photonic gene circuits for 
noninvasive gene regulations and gene therapy in living organisms. Since the activation 
of transcription factor NF-kB plays a central role in the regulation of inflammation, 
immune responses, infections, differentiation, proliferation, oncogenesis, and apoptosis, 



precise spatiotemporal controls of NF-kB signaling pathway by optically addressable 
siRNA-antennas will have significant implications in precision medicine. Third, I will 
discuss the important role of nanoscale biophotonics in integrated molecular diagnostic 
systems (iMDx) for personalized precision medicine, and microphysiological analysis 
platforms (iMAPs) for drug discovery and regenerative medicine. The iMDx comprises 
three key elements of precision medicine on chip: ultrafast multiplexed photonic PCR for 
the early detection of DNA and RNA biomarkers in blood, signal amplifications of protein 
markers, and a self-contained sample preparation from whole blood on chip, which 
allows a sample-to-answer readout platform. The progress on patient-specific iPSCs-
based iMAPs, pancreatic islets and mini-brains on chip will be discussed along with the 
vision of preventive medicine via precision engineering in medicine. 
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Nanoplatforms for targeted delivery of molecular inhibitors and multi-modal 
imaging 

Srinivas Sridhar2,1, s.sridhar@neu.edu. (1) Radiation Oncology, Harvard Medical 
School, Boston, Massachusetts, United States (2) Northeastern University, Boston, 
Massachusetts, United States  

The modern era of Precision Medicine requires targeted delivery of molecular inhibitors 
that control key processes in disease pathways. We have developed a wide array (> 50) 
nanoplatforms and associated technologies to address key challenges in diagnosis, 
imaging and therapy, applicable to oncology, cardiovascular and neurological diseases. 
PARP (Poly ADP Ribose Polymerase) plays a crucial role in the DNA repair pathways in 
a cell, rendering it the ‘Achilles Heel’ specifically in cancer cells. Pharmacological 
inhibition of PARP utilizes a synthetic lethality mechanism which exploits the defective 
DNA repair pathways in cancer cells, such as those with BRCA mutations. However 
delivery of these poorly soluble inhibitors is a major challenge. We have developed 
novel injectable nanoformulations of PARP inhibitors that have superior bioavailability 
and tumor accumulation compared with available oral formulations. Extensive in vitro 
and in vivo studies have been carried out in ovarian, breast and prostate cancer 
models. These results imply an important role for the PARPi nanoformulations as 
chemo and radio-sensitizers enabling mono- and combination nanotherapeutic 
approaches for several cancers. 
Theranostic nanoplatforms combine multiple functionalities including multi-modal 
imaging, targeting to the disease site, and delivery of the drug payload through 
sustained as well as triggered drug release. We have co-encapsulated these SPIONs 
with various drugs like paclitaxel, doxorubicin and siRNA, in a variety of nanocarriers 
such as micelles, liposomes, nanoemulsions and polymersomes. These multi-functional 
magnetic nanoplatforms are expected to play significant roles in multi-modal imaging 
and drug delivery. 
We have developed a method named QUTE-CE (quantitative contrast-enhanced UTE) 
MRI utilizing a radial 3D ultra-short time-to-echo (UTE) pulse sequence to clearly 
delineate CA in positive-contrast images, and extrapolate concentration directly from 



those intensity measurements. We demonstrated longitudinal measurements of CA and 
were able to display bioavailability and calculate CA half-life. Our QUTE-CE method 
produces in vivo images of the vasculature with unprecedented clarity and definition, 
and unambiguously measures absolute concentration of MNP CA directly from UTE 
intensity images at 7T. QUTE-CE MRI enables quantitative imaging competitive with 
nuclear imaging albeit with high resolution.  
Work supported by NIH, NSF, DoD CDMRP and Mazzone Foundation. 
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Keynote Lecture: Making advances in nanomedicine that the FDA will approve 

Thomas J. Webster, th.webster@neu.edu. Chemical Engineering, Northeastern 
University, Boston, Massachusetts, United States  

Nanotechnology (or the use of materials with one dimension less than 100 nm) has 
been revolutionizing the field of medicine for several decades due to the ability of 
nanomaterials to circulate longer in the blood stream, penetrate cells and tissues, 
simultaneously detect and treat disease, and target select cellular receptors. However, 
so far, nanotechnology has proven not to be the panacea for eliminating cancer, 
cardiovascular diseases, osteoporosis, neural diseases, and many other diseases. 
Issues such as toxicity, efficacy, drug loading, cost, and lengthy FDA approval times 
have still proven to be significant obstacles. This presentation will summarize recent 
advances in developing improved medical devices for faster approval by focusing on not 
changing chemistries, but altering surface energy of existing FDA approved chemistries 
at the nanoscale. Such approaches have led to improved interactions with mammalian 
cells (such as bone, cartilage, vascular, neural, bladder, etc. cells) and decreased 
interactions with immune cells (such as monocytes, macrophages, etc.) to minimize 
nanoparticle clearance. Studies focusing not just on traditional biodegradable polymers 
but also metal oxides will be covered. Combined nanomaterial drug delivery-medical 
devices will also be covered where fast approval times have been achieved to treat 
infections, bone defects, and cartilage defects. Approaches which have combined 
treatment with diagnosis (i.e., theranostics) will also be emphasized for orthopedic, 
neural, and cancer treatment. Lastly, a new approach to medicine focused on 
controlling picoscale events will also be introduced where one can control electron 
interactions within a material to improve cellular functions leading to greater disease 
detection and treatment. In summary, this presentation will cover what has been learned 
over the past several decades of translating nanotechnology to improve disease 
detection and treatment while emphasizing future developments that we should expect 
for the field to grow (such as picotechnology). 
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Characterizing dynamical interactions of nano-materials in biological media using 
real-time 3D single-particle tracking and multi-resolution imaging 



Haw Yang, hawyang@princeton.edu. Chemistry, Princeton University, Princeton, New 
Jersey, United States  

Nano materials hold great promise for fundamental biological research as well as 
biomedical applications. This is impart due to their comparable size to biological 
macromolecules and complexes, size-tunable properties, and large surface-to-volume 
ratio. Mechanistic understandings for the nano materials actions, however, is often 
challenging because nanoparticles are inhomogeneous themselves and the biological 
media such as serum or live cells are highly heterogeneous as well. Studying nano-bio 
interactions in real time at the single-particle level in principle should alleviate some of 
the difficulties and could bring about new insights that are unavailable otherwise. In this 
report, we will describe some new tools that we have developed—real-time 3D single-
particle tracking spectroscopy and multi-resolution imaging. We then discuss their 
applications such as how nanoparticles interact with cell surface, intra-cellular 
trafficking, and the dynamics of nanoparticle adsorbates. The results suggest that 
indeed these new tools could bring forth fresh views for the nano-bio interactions. 
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Plasmonic nanoparticle emulsions for use as photo-acoustic imaging and 
therapeutic agents 

David Li, Yi-Ting Lee, Kjersta Larson-Smith, Lilo D. Pozzo, dpozzo@u.washington.edu. 
Univ of Washington, Seattle, Washington, United States  

Photoacoustic imaging is a hybrid ultrasound imaging modality that can be used in 
conjunction with traditional ultrasound imaging. In photoacoustic imaging, the ultrasound 
transducer is used to detect a pressure wave resulting from thermal expansion. 
Adjusting the laser wavelength allows users to selectively image different tissue or 
molecular species depending on the optical absorption properties. One of the major 
drawbacks of photoacoustic imaging is the limited imaging depth due to light scattering. 
An efficient light absorbing emulsion based nanoemulsion is presented to greatly 
improve the signal to noise ratio of photoacoustic imaging. The emulsions feature a low 
boiling point liquid perfluorocarbon oil core (on the order of 200 nm in diameter) coated 
by a layer of amphiphilic gold nanoparticles, which have a high optical absorption 
efficiency in the near infrared (NIR) due to plasmonic coupling. Heating of the oil core 
due to optical absorption causes the emulsion to reversibly vaporize and recondense 
back into the liquid phase. The pressure wave generated from the reversible phase-
change process has been shown to be much greater than thermal expansion alone. The 
activation energy required for the emulsions can be further reduced by simultaneously 
vaporizing the agents with an acoustic and optical pulse. The emulsion based 
photoacoustic contrast agents not only provide a stronger photoacoustic response than 
nanoparticle or dye based photoacoustic agents, benchtops experiments have shown 
that the reversible vaporization can be also be used for therapy to mechanically break 
down blood clots and restore blood flow. 



 

 
 
Schematic representation of actuation of plasmonic photo-acoustic contrast agent 
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Development of glass-coated gold nanoparticle tags for surface-enhanced Raman 
spectroscopy 

Marc Carre1,3, mcarre@mit.edu, Helena de Puig Guixe4, Irene Bosch5, Kimberly 
Hamad-Schifferli2, Lee Gehrke6. (1) School of Engineering, Institut Quimic de Sarria, 
Barcelona, Spain (2) Engineering, University of Massachusetts Boston, Boston, 
Massachusetts, United States (3) HST, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (4) Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States  

The rapid detection of bacteria that cause food-borne outbreaks is challenging. 
Detection of a particular species requires culturing due to the low infectious dose, which 
takes at minimum 1 day, sometimes 4-5 if the dose is very low. Listeria monocytogenes, 
in particular, is highly pathogenic and has been responsible for several food-borne 
outbreaks in North America and Europe. A highly sensitive, rapid method for diagnosis 
would allow field detection of the disease, thus aiding in preventing outbreaks. We 
investigate the use of Surface Enhanced Raman Spectroscopy (SERS) for the detection 
of bacteria at low concentrations using designed nanotags. 
 
Nanoparticles can greatly improve the limit of detection of Raman spectroscopy.When 
Raman-active analytes are in proximity to the surfaces of metallic nanoparticles, their 
Raman signal is enhanced on the order of 108-1010, depending on the size, the 
geometry and the chemical composition of the metallic particles. In addition, 
nanostructures with sharp tips can increase this enhancement. 
 
We have developed a method to coat gold nanostars with silica obtaining homogeneous 
core-shells which increases these nanotags’ stability and preserves their SERS signal 
from possible impurities. Moreover, we also take advantage of this glass coating as it 
enables facile biofunctionalization to antibodies which are crucial for the detection of 
any target bacteria. Furthermore, the system can be multiplexed by attaching different 
antibodies onto the same nanotags, opening up the possibility of diagnosing several 
pathogens in a single test. 
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Keynote Lecture: Curvature capillary migration 

Kathleen J. Stebe, kstebe@seas.upenn.edu. Chem Biomole Dept Rm 311A, Univ of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

We study microparticles (with radius a so small that gravitational effects are negligible) 
on a curved fluid interface. Particles interact with curvature fields in a manner akin to 
charged multipoles in external electrostatic fields. Particles have undulated contact lines 
owing to contact line pinning. The contact line excites various distortion modes in the 
interface around the particle, of which the quadrupolar mode is the leading order. 
Particles move to minimize the excess area associated with this distortion. The analogy 
to electrostatics fails in one important aspect: the charging a particle in an electrostatic 
field to establish a charge multipole differs from the wetting processes that establish the 
undulated contact lines. In experiment, by molding interface shape, we direct particles 
to migrate along principal axes of the interface to sites of high curvature. We perform 
these experiments on an interface pinned to a micropost to create a well-defined 
curvature field, all in the limit where a is very small compared to the micropost radius 
Rm. Particles migrate until contact or near contact to the micropost. Interesting new 
interactions emerge when a/Rm becomes comparable to unity- for which we observe 
capillary curvature repulsion. We report our current understanding of this phenomenon, 
and discuss its importance in creating, e.g. reconfigurable particle assemblies. 
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Enhanced binding of anionic colloidal particles to water/oil interface by tuning the 
interfacial electric potential 

Wei Hong, Sam Teale, Robbie Bancroft, Tony Dinsmore, 
dinsmore@physics.umass.edu. Department of Physics, University of Massachusetts 
Amherst, Amherst, Massachusetts, United States  

The interface between two fluids is a very useful platform for assembly of particles into 
single-layer films to stabilize droplets or to form particle-based membranes. In most 
cases, the interface and the particles both have an electric potential, so that 
electrostatic forces play an important role in enhancing or preventing interfacial 
adsorption. Previous studies showed that a change in electric potential at the oil-water 
interface arises from a partial solubility of anions or cations in oil, which leads to a net 
charge on the oil side. Using anions that are slightly oil soluble we previously showed 
that binding of anionic nanoparticles can be suppressed and that binding of cationic 
nanoparticles can be enhanced. However, a majority of colloidal particles used in 
applications, such as silica, are negatively charged in aqueous suspension and do not 
favor binding to the interface. Here we show that adding oil-soluble cations results in 
binding of silica particles (diameter 30 nm – 1.4 μm) to the interface between water and 
various kinds of oil. The effective binding leads to dense particle arrays on the interface 



and stable Pickering emulsions. We attribute the results to formation of a positive 
potential on the water side of the interface and show how the emulsion stability and 
reversibility of particle binding vary with ionic strength. This work was supported by the 
NSF through grant CBET-1438425 and by the Xerox University Affairs Committee. 
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MD simulations of the drag coefficients of colloids moving along a gas/liquid 
interface due to Brownian fluctuations and deterministic external forces 

Charles Maldarelli1, Joel Koplik2, koplik@sci.ccny.cuny.edu. (1) Chemical Engineering, 
City College of City University of New York, New York, New York, United States (2) 
Physics Department and Levich Institute, City College of New York, New York, New 
York, United States  

Particle tracking experiments on the mean square displacement of micron-sized, 
spherical, Brownian colloids diffusing at an air/water interface indicate that the colloid’s 
translational drag coefficient is greater, by a factor of two or more, than the value 
obtained by a continuum (Stokes flow) calculation on a flat surface. To rationalize this 
difference, additional dissipative forces arising from the pinning of the contact line at the 
colloid surface as it moves have been suggested. A further complication is the fact that 
measurements in which a non-Brownian deterministic force (e.g. a magnetic or capillary 
attraction force) acts on the particle, and the drag is calculated from the resulting 
velocity, are in agreement with the Stokes simulations. 
 
To provide insight, we undertake molecular dynamic simulations of a colloid diffusing 
along a solvent interface based on generic Lennard-Jones interactions. The colloid is a 
section of a rigid atomic lattice to create a rough surface and allow contact line pinning. 
The solvent is a tetramer chain molecule which has a relatively sharp vapor/liquid 
interface. By varying the interaction strength between the solvent and colloid atoms, 
different equilibrium immersion depths are achieved corresponding to conditions 
between complete wetting (strong interaction) and non-wetting (weak interaction). We 
calculate the drag coefficient of a colloid calculated from its mean square displacement 
due to Brownian diffusion, and for a colloid dragged along the interface at constant 
velocity. We find that the MD calculated drag coefficients for each method are within 30 
percent of each other. The drag coefficients monotonically increase with increasing 
depth of immersion. While in qualitative agreement with Stokes flow simulations of the 
drag, the MD-calculated coefficients are, for each immersion depth, smaller than the 
continuum calculations. We attribute the discrepancy to the fact that the interfacial 
thickness is not negligibly smaller than the size of the colloid, as would be the case in 
the continuum calculation. Measurements of the orientation of the colloid as it moves 
along the surface under Brownian or applied forces indicate that it rotates and 
sometimes becomes pinned. However, the fact that the drag coefficients by each 
method of MD simulation agree with each other establishes that despite pinning, no 
additional forces are exerted on the colloid during Brownian motion. 
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Electric field driven particle assembly on a drop interface 

Petia M. Vlahovska1, petia_vlahovska@brown.edu, Quentin Brosseau1, Malika 
Ouriemi2. (1) Engineering, Brown University, Providence, Rhode Island, United States 
(2) IFPEN, Solaize, France  

I will present some of our recent experimental observations of "complex’’ fluid-fluid 
interfaces - surfactant-laden and particle-covered drops - in uniform DC electric fields. 
The coupling of the electric-field-induced flow and the complex mechanics of the 
interface drives intriguing behaviors: particle assembly in dynamic vortices or equatorial 
streaming (emission of microdroplets from the equator of the mother drop). Implications 
to the design of patchy particles and electrorheology of emulsions will be discussed. 
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Hollow Janus cylinders at liquid interfaces 

Robert Weir, Shahab Shojaei-Zadeh, zadeh@rutgers.edu. Mechanical and Aerospace 
Engineering, Rutgers, The state University of New Jersey, Piscataway, New Jersey, 
United States  

Janus particles are investigated extensively in recent years and are suggested for a 
variety of applications. At liquid interfaces, they can interact and self-assemble into 
monolayers or function as stabilizing surfactants. Such characteristics are explored for 
Janus particles of different size and shape including spherical, ellipsoidal, and disk-like 
particles. In this talk, we present capillary interactions and self-assembly behavior of 
hollow amphiphilic Janus cylinders at air-water interfaces. We first demonstrate the 
preferred position and interface deformation of a single hollow Janus cylinder as a 
function of amphiphilicity and aspect ratio. Capillary-induced interactions between pair 
of cylinders will be then presented. We then discuss whether a pair of hollow Janus 
cylinders prefer to arrange in a side-by-side or tip-to-tip configuration. The behavior of 
hollow Janus cylinders is then compared against homogeneous hollow cylinders, 
homogeneous solid cylinders, and solid Janus cylinders. Our findings may provide 
insight on how cylindrical objects can be used to fabricate ordered monolayers at liquid 
interfaces. 
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Measuring the elasticity of particulate assemblies at liquid interfaces 

Wei He1, weih@physics.umass.edu, Yiwei Sun1, Benny Davidovitch1, Greg Grason2, 
Tony Dinsmore1. (1) Physics, University of Massachusetts Amherst, Amherst, 
Massachusetts, United States (2) polymer science and engineering, university of 
Massachusetts Amherst, Amherst, Massachusetts, United States  



Particle-laden interfaces are of great importance in many fields because the particulate 
nature can endow the surface with physical properties that are not readily obtained from 
molecular-scale surfactants. However, further applications require a better 
understanding of the mechanics of this layer of particles. We develop, through 
experiment, a comprehensive approach to measure the mesoscale structure and 
mechanics of particulate assemblies on liquid interfaces. We subject crystalline or 
disordered arrays of micron-to-millimeter-sized spheres to controlled stress, observe the 
displacements of each sphere, and extract the strain tensor. We find that local 
mechanical loads and geometric constraints can lead to three stress relaxation modes, 
and under different loading conditions such as uniaxial compression, poking, or 
imposed curvature, the transition occurs between these three modes. Further, by 
analyzing the details of long-range, solid-like response of a particle sheet to the uniaxial 
compression, we estimate its Young’s modulus. These results may lead the way to 
effective self-assembly at interfaces and particulate-based dispersants by elucidating 
the roles of substrate stiffness, particle-liquid adhesion and other parameters. This work 
is supported by the National Science Foundation through grant no. CBET-1438425. 
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Curvature-driven colloidal assembly near wavy boundaries 

Yimin Luo1, yiminluo@seas.upenn.edu, Francesca Serra1,2, Kathleen J. Stebe1. (1) 
Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States (2) Department of Physics and Astronomy, University of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

Directed colloidal assembly does not only allow us to harness elastic energy from 
anisotropic media to give rise to ordered structure, but also hints at the fundamental 
length scales and forces that govern those interactions. We study colloid migration in a 
nematic liquid crystal. We design a system where the director configuration is uniform 
everywhere except for near the boundary, where we locally mold gradients in the 
director field by positioning topographical features, hills and dales, or smoothly varying 
wavy walls of different periodicities and amplitudes. As we introduce colloids with 
hometropic anchoring, we found that colloids with “Saturn ring” defect docks seamlessly 
into a complementary cavity of the same anchoring, the so-called lock-and-key 
mechanism. Furthermore, a colloid with an associated point defect, a topological dipole, 
can selectively dock on hills or dales based on the orientation of the direction of its 
dipole. We can vary the depth of the cavity, creating an asymmetrical director field. In 
deeper cavities, we observe that a colloid with Saturn ring defect, stable far from the 
feature, spontaneously turns into a dipole. This system offers promise for particle 
sorting based on particle anchoring or associated defect, and provides a means to 
precisely assemble structures seeded from these colloids at precise locations. This 
work extends tools to assemble colloids within nematic liquid crystals by providing near 
wall interactions defined by the wavelength of the wall undulation, which complement 
the more widely studied long-range interactions between topological defects, or 
between defects and diclination lines. 
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Tasty active colloids swimming in your cup: How to make rapidly dissolving 
instant coffee with motile particles 

Marius Rutkevicius1, m.rutkevicius@outlook.com, Krassimir P. Velikov3, Orlin D. 
Velev2. (1) CBE, NCSU, Raleigh, North Carolina, United States (2) Dept Chem Biomol 
Eng, North Carolina State University, Raleigh, North Carolina, United States (3) Savory 
Discovery, Unilever R&D, Vlaardingen, Netherlands  

The field of active and self-propelling engineered colloidal particles has been attracting 
intense interest. Little attention has been paid to the fact that motile and active colloidal 
particles are already naturally present in many colloidal systems. The fundamental 
understanding and improvement of such systems can lead to better products and new 
manufacturing opportunities. Instant coffee is a drink with a range of chemical 
components freeze-dried into porous particles, which rapidly dissolve upon contact with 
water. The release of surface active components from these coffee particles creates 
surface tension gradients, which leads to Marangoni flows. We have analyzed the 
resulting self-propulsion of instant coffee particles at the water-air interface. We discuss 
the mechanism of propulsion, the path length of the particles, the factors influencing the 
maximum velocity and their impact on the dissolution rate. Coating one side of these 
particles with impermeable or surface active material increased local surface pressure 
around the particle and intensified the Marangoni effect, resulting in a higher velocity of 
the composite "Janus" coffee particles. Addition of surfactant to the water phase 
resulted in a change of propulsion dynamics: high molecular weight food surfactant 
Tween 20 inhibited the particles' self-propulsion by forming a viscous interfacial layer, 
whereas low molecular weight surfactants increased the total distance travelled by the 
particles before their complete dissolution. On the basis of the analysis of these data, 
we propose means for faster self-dissolution of instant coffee and other common 
products by using particles with increased natural motility. 
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One pot synthesis and characterization of gold nanocatalyst using Sacha inchi 
(Plukenetia volubilis) oil: Green approach 

Brajesh Kumar, krmbraj@gmail.com, Luis H. Cumbal. Universidad de las Fuerzas 
Armadas, Sangolqui, Ecuador  

In this report, a simple and cost-effective methodology has been developed to obtain 
gold nanoparticles (AuNPs) using Sacha inchi (Plukenetia volubilis) oil in the presence 
of sunlight. The spectroscopic and morphological properties of AuNPs were 
characterized by using UV-vis spectroscopy, transmission electron microscopy (TEM), 
particle size analyzer, X-ray diffraction (XRD). UV-vis and TEM reveals the 
nanostructure of the gold particles has surfaced plasmon resonance at 515-520 nm and 
almost spherical in shape with an average size of 5–15 nm. XRD studies confirmed the 



face cubic center (fcc) unit cell structure of AuNPs. The as-synthesized AuNPs showed 
remarkable photocatalytic decomposition of the methylene blue (>75%) without using 
any reducing agent and weak antioxidant activity (21-16 %) against 1,1-diphenyl-2-
picrylhydrazyl at the different sunlight exposure time. The experimental approach is 
promising and suggested that the sunlight is a good source of energy for enhancement 
of AuNPs synthesis via Sacha inchi oil and its photocatalytic activity. 
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Scalable processing of 2D nanosheets into 3D crumpled nanoparticles 

Dorsa Parviz, Micah Green, micah.green@tamu.edu. Chemical Engineering, Texas 
A&M University, College Station, Texas, United States  

In recent years, our group has demonstrated the dispersant-assisted suspension of 
colloidal nanosheets, with an emphasis on pristine (unoxidized) graphene. Here we 
show that the structure of both pristine and oxidized graphene nanosheets may be 
manipulated by aerosolizing and spray drying these dispersions to form highly crumpled 
3D particles. The compressive mechanism stems from capillary forces during water 
evaporation. The crumpled structure (and polydispersity) of such particles can also be 
altered by adjusting the Peclet number (diffusive time scale/convective time scale) 
associated with droplet evaporation. The morphology of the crumpled structure depends 
on strongly on the in-plane bending moduli of the nanosheets, as shown via 
comparisons between graphene oxide and pristine graphene. The transition of 2D 
graphene nanosheets to a 3D crumpled morphology was directly observed inside the 
spray dryer using a novel in situ sampling mechanism. We also find that unfolding 
behavior of such crumpled nanosheets is solvent dependent. These processing 
techniques can be generalized to the broader family of two-dimensional nanomaterials 



such as Boron Nitride nanosheets and transition metal dichalcogenides. These 
crumpled nanomaterials may also serve as building blocks for covalently linked gels or 
multifunctional electrodes. 

 

 
 
Parviz et al, Small, 2015 
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Predicting the colloidal stability of 2D nanomaterials synthesized using liquid-
phase exfoliation 

Vishnu Sresht1, vishnusr@mit.edu, Ananth Govind Rajan1, Emilie Bordes2,1, Michael 
Strano1, Agilio Padua2,1, Daniel Blankschtein1. (1) Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2) 
Université Blaise Pascal and CNRS, Institut de Chimie de Clermont-Ferrand, 63171 
Aubière, France  

Due to their exotic electronic, opto-electronic, and mechanical properties, Molybdenum 
Disulfide (MoS2) and Phosphorene are poised to enable revolutionary new technologies 
such as high-performance sensors, transistors, and photo-voltaics. However, the large-
scale production of these layered materials still presents a key impediment to 
commercialization. Liquid-phase exfoliation provides a scalable manufacturing route for 
high-quality layers, but in order to translate this technique from the lab bench to the 
factory floor, it is essential to advance precise guidelines for the selection of efficacious 



liquid media capable of efficiently exfoliating and dispersing MoS2 and phosphorene. 
 
With the above in mind, we use molecular dynamics (MD) simulations to garner several 
insights into the organization of molecules of commonly employed solvents, including N-
methylpyrrolidone (NMP), dimethylformamide (DMF), N,N’-dimethylsulphoxide (DMSO), 
Cyclohexyl-pyrrolidinone (CHP), and N-vinyl-Pyrrolidinone (NVP) around and in-
between phosphorene and MoS2 sheets. We focus on the correlations between the 
structural features of these solvents and (1) their ability to intercalate between 
nanomaterial sheets and induce exfoliation; and (2) their effect on the energy barrier 
hindering the aggregation of the MoS2 sheets. The combination of MD-based 
computation of the potential of mean force (PMF) between pairs of nanomaterial sheets 
and the application of theories of colloid aggregation offer a detailed picture of the 
mechanics underlying the liquid-phase exfoliation and the subsequent colloidal stability 
of MoS2 and phosphorene sheets in these popularly-employed solvents. The excellent 
agreement between the predicted and the experimentally-observed solvent efficacies 
enables us to provide a molecular context for currently prevailing solubility-parameter-
based theories, and to derive design principles for effective nanomaterial exfoliation 
media. 
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Effect of ligand chemistry on metal-organic-inorganic composites as thermal 
interface materials 

Nirup Nagabandi1, nnirupkumar@gmail.com, Cengiz Yegin2, Mustafa Akbulut1,2. (1) 
Chemical Engineering, Texas A&M University, College Station, Texas, United States (2) 
Materials Science and Engineering, Texas A&M University, College Station, Texas, 
United States  

Ever miniaturization of electronic devices with simultaneous increase in computing 
power is leading to high heat densities and thus failing devices. Effective thermal 
interface materials are way forward to solve this problem. We developed copper rich 
composites with thiosemicarbazide functionalized boron nitride nanosheets (f-BNNS) 
dispersed via electro-deposition process as shown in figure 1 (a). These composites 
have high thermal conductivity of 235±10 W/m.K besides having a Youngs modulus of 
24±2 GPa. The f-BNNS diffuse in to the electrodepositing matrix via Vander walls 
interactions and kinetic trapping. f-BNNS which are very close to the electrode 
kinetically trap in to the copper matrix via Brownian motion. As the particles increase, 
the vander walls forces dominate according to DLVO theory and diffuse more particles 
in to the composite matrix. After approaching the copper grains, f-BNNS with thiol end 
group self-assemble via coordination bonding as observed in the figure 1(c). SIMS 
analysis show copper rich lower surface which supports the composite formation 
mechanism. Changing the functional end group influences the attachment properties 
and thus the composite itself. Thiol functional group is replaced with cyano, nitro, bromo 
and methyl to study the effect of self-assembly strength effect on the composites. 
Similarly, functional group towards BNNS is varied and then the chain length of the 



linker is varied. The composite construction followed similar mechanism. The thermal 
conductivity of these composites varied from 150 to 300 W/m.K. The chain length and 
different chemistries with BNNS didn’t seem to affect the thermal properties whereas 
metal linkage showed strong dependence 

 

 
 
Figure1 (a) Electro-co-phorosis depiction (b) Homogeneous composite sheet (c) SEM 
micrographs showing the f-BNNS accumulated in grain boundaries (d) Depiction of the 
composite 
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Corrosion protection of aluminum alloy via graphene-polymer nanocomposite 
coatings 

Souvik De, souvikiitm@gmail.com, Jodie Lutkenhaus. Texas A&M University, College 
Station, Texas, United States  

As hexavalent chromium (VI) is phased out of use as a corrosion inhibitor, the search 
for environmentally friendly non-toxic anticorrosion approaches continues. Here, we 
present graphene-polymer nanocomposite protective coatings made using a simple 
airbrushing technique. The nanocoating can be deposited over large areas onto a 
variety of surfaces from stock solutions of polymer and graphene oxide sheets, followed 
by chemical reduction. Sprayed onto aluminum alloy (AA) 2024-T3, the coatings bear a 
brick-and-mortar structure, in which graphene sheets lie parallel to the surfaces in a 
densely packed structure. The end result is pinhole-free multilayered composite 
coatings with improved barrier properties. The graphene sheets act as a physical barrier 
to oxygen diffusion, thus hindering the corrosion cycle. First, we present the spraying 



process, and what parameters contribute to making a pin-hole free nanocoating on a 
metal surface. Second, we present the final structure of the film and its physical 
properties. Lastly, we explore the suitability of this coating towards corrosion protection 
is evaluated using electrochemical impedance spectroscopy under varying salt 
conditions. 
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Structure-property relations in carbon nanotube fibers by downscaling solution 
processing 

Robert J. Headrick1, rjh7@rice.edu, Dmitri E. Tsentalovich1, Julián Berdegué1, Lucy 
Liberman2, Olga Kleinerman2, Yeshayahu Talmon2, Matteo Pasquali1. (1) Rice 
University, Houston, Texas, United States (2) Technion-Israel Institute of Technology, 
Haifa, Israel  

Self-assembled carbon nanotube (CNT) materials can couple soft flexibility with 
impressive tensile strength and electrical conductivity, however, they have yet to meet 
expectations for macroscopic electrical and mechanical properties. To efficiently 
investigate this disparity, we have developed a method for solution processing 
microgram quantities of CNTs dissolved in chlorosulfonic acid into high performance 
aligned films and fibers. As quantified by wide angle x-ray diffraction and polarized 
Raman spectroscopy, the aligned films have a high degree of order and exhibit 
anisotropic optical, electrical, and mechanical properties homogeneously over 10 cm2. 
Under optimized processing conditions, each film can be peeled and twisted into 
multiple short fibers with tensile strengths and electrical conductivities that compete with 
those achieved by large scale spinning techniques. We directly compare the properties 
of fibers fabricated by this method and solution spinning with identical batches of CNTs 
to characterize the impact of alignment, twist, packing density, and aspect ratio. 
Surprisingly, these fibers can be more than twice as strong as their solution spun 
counterpart despite a lower amount of alignment. Our data suggests that above a 
critical degree of order, fiber properties are more sensitive to internal twist and packing 
density which can more than double tensile strength. Additionally, we quantify the effect 
of CNT aspect ratio on fiber tensile strength by maximizing packing density and fitting a 
Weibull distribution to account for variability in alignment and twist. This work indicates 
that continuous solution spinning of CNT fiber with tensile strength and electrical 
conductivity above 3 GPa and 5 MS/m, respectively, is possible with commercially 
available CNTs if the internal fiber structure is improved. Furthermore, we demonstrate 
a rapid fluid processing method for characterizing potential CNT fiber properties at a 
scale two orders of magnitude lower than previously required, expanding the 
experimental parameter space and enabling the exploration of unique CNT sources. 
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Scalable and controlled heteroaggregation of nanoparticles in aqueous media 
using electrostatic attraction and controlled steric interactions 



Ryan Kastilani, rkas@uw.edu, Lilo D. Pozzo. Chemical Engineering, University 
of Washington, Seattle, Washington, United States  

Bottom-up approaches to the synthesis of nanostructures are of particular interest 
because they offer several advantages over the traditional top-down approaches. In this 
work, we present a new method to self-assemble nanoparticles into controlled 
heteroaggregates. The technique relies on carefully balancing attractive electrostatic 
forces with repulsive steric hindrance that is provided by surface-grafted polyethylene 
glycol (PEG). Two different-sized gold nanoparticles (GNP) were used as a model 
system; 13 nm GNPs were functionalized with PEG-thiol and dodecanoic thiol, while 7 
nm GNPs were functionalized with PEG-thiol and (11-
Mercaptoundecyl)trimethylammonium bromide. When mixed together, these oppositely 
charged particles self-assemble into stable colloidal structures (i.e. nanoclusters) whose 
structure depends strongly on the surface concentration of PEG. Smaller structures are 
obtained as the PEG surface concentration increases because steric hindrance 
dominates and prevents uncontrolled aggregation. In particular, under the right 
conditions, we were able to selectively synthesize heterodoublets (which are effectively 
Janus particles) and other interesting structures. This method is scalable, and it 
provides a step forward in bottom-up synthesis of nanomaterials. 

Doublets/janus particles 



 
 
Alternating strings 
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Electrodeposition of self-assembled complexes of polyvinylferrocene with carbon 
nanotubes and pyrrole monomers: Preparation of redox-electrodes for selective, 
electrochemically-mediated extraction of micropollutants 

T. Alan Hatton, tahatton@mit.edu. Department of Chemical Engineering, MIT, 
Cambridge, Massachusetts, United States  

The controlled interaction of micropollutants with redox polymer-functionalized 
electrodes provides a promising route for the detection and removal of contaminants of 
emerging concern to the EPA and other regulatory agencies. We have demonstrated 
that a promising redox polymer for these applications is polyvinylferrocene, although 
this polymer on its own is limited in applications because it has low intrinsic conductivity, 
and can form a nonporous structure that restricts access of the targetted compounds to 
the redox centers. We describe two approaches to overcome these problems that rely 
on self-assembly of PVF with either carbon nanotubes or with pyrrole monomers in 
solution, in both cases via π-π interactions. The electrodeposition of the PVF/CNT 
complexes results in a highly conductive, porous structure that meets the requirements 
for effective redox-electrodes. In the case of PVF-pyrrole complexes, the 
electrodepostion of the PVF is accompanied by electropolymerization of the associated 
pyrrole monomers to also yield a highly porous, but conductive, polymer film in which 
the polypyrrole serves as a “molecular wire” to enhance the electronic conductivity of 



the hybrid and the utilization efficiency of ferrocene. This approach offers an alternative 
to nanocarbon materials for improving the electronic conductivity of polymer hybrids, 
and suggests a new strategy for fabricating nanostructured polymer hybrids that 
potentially can be applied to various polymers with π–conjugated backbones and redox 
polymers with metallocene moieties for applications such as energy storage, sensing, 
and catalysis, in addtion to separation processes. Examples will be given of the 
effective utilization of these electrodes for the removal of trace contaminants from 
solutions with a large excess of salts 
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Hollow, core-shell and ultra-low cross-linked microgels at fluid and solid 
interfaces 

Walter Richtering2, richtering@rwth-aachen.de, Karen Geisel2, Otto Virtanen2, 
Friederike Schulte2, Igor Potemkin3, Mourran Ahmed1, Andrey Rudolf3. (1) DWI an der 
RWTH Aachen e.V., Aachen, Germany (2) Physical Chemistry, RWTH Aachen 
University, Aachen, Germany (3) DWI Leibniz Institut, Aachen, Germany  

We investigate the influence of the structure of microgels on their behavior at interfaces. 
In particular we study three different types of microgels: (i) core-shell microgels with a 
solid silica core surrounded by a cross-linked poly(N-isopropylacrylamide) polymer shell 
(with different cross-link densities); (ii) the corresponding hollow microgels where the 
core was dissolved; and (iii) ultra-low cross-linked PNIPAM microgels. The structure in 
solution was determined by means of neutron and light scattering. The structure of the 
microgels at interfaces was investigated by scanning force and electron microscopy. 
Compression isotherms of the microgel-laden oil-water interfaces were determined. 
They show that the removal of the core leads to an increase of the surface pressure at 
low compression and the same effect can be observed when the polymer crosslink 
density is decreased. Low cross-link density and a missing core thus facilitate spreading 
of the polymer chains at the interface and, at high compression, hinder the transition to 
close hexagonal packing. It is especially remarkable that a low cross-link density leads 
to a high compression modulus at low compression, while this behavior is reversed at 
high compression. This is related to an enhanced spreading of polymer chains at the 
interface and thus high adsorption energy. These conclusions are fully supported by 
computer simulations, which show that the cross-link density of the polymer shell 
defines the degree of deformation at the interface. Additionally, the core restricts the 
spreading of polymer chains at the interface. These results illustrate the special 
behavior of soft microgels at liquid interfaces. 
Geisel, K.; Rudov, A. A.; Potemkin, I. I.; Richtering, W. Langmuir 2015, 31, 13145–
13154. 
Virtanen, O.; Mouran, A.; Richtering, W. submitted 
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Responsive polymeric nanoassemblies 



Sankaran Thayumanavan, thai@chem.umass.edu. Department of Chemistry, 
University of Massachusetts, Amherst, Massachusetts, United States  

Molecular designs that afford tunable supramolecular assemblies are of interest in a 
variety of applications, including catalysis, sensing, drug delivery, tissue enginerering 
and diagnostics. When these assemblies are nanoscopic in size and are responsive to 
specific stimulus, then the interests in these nanoscale scaffolds are even higher. We 
have developed macromolecule-based amphiphilic supramolecular assemblies, which 
not only exhibit these features, but also can bind guest molecules efficiently. We have 
also shown that these non-covalently bound guest molecules can be released in 
response to specific triggers. The molecular design principle is versatile enough to be 
adapted for physical, chemical, or biological stimuli. From a fundamental perspective, 
we divulge the structural factors that underlie the stimuli-responsive behavior of 
supramolecular assemblies. From an application perspective, the implications are 
numerous. 
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Controlling polymer bridging in thermoresponsive nanoemulsions 

Juntae Kim1, juntaekim@umail.ucsb.edu, Robert Kender2, Tuan Nguyen 1, Matthew E. 
Helgeson1. (1) Chemical Engineering, UC Santa Barbara, Santa Barbara, California, 
United States (2) Lehrstuhl I für Technische Chemie, Technical University of Munich, 
Munich, Germany  

We have recently developed thermoresponsive oil-in-water nanoemulsions, whose 
nanodroplets can be reversibly assembled into colloidal gels for the templating of 
hierarchically structured materials. The system relies on temperature-sensitive, 
hydrophobically modified water-soluble polymers in the continuous phase, whose 
hydrophobically-driven self-assembly induces effective interdroplet attractions at 
elevated temperature. Although the mechanism of responsive behavior is well 
understood, it is critical to understand how the molecular design of the bridging polymer 
controls interdroplet interactions and ultimately, their colloidal phase behavior and 
gelation. To do so, we have used a series of dialkyl polyethylene glycol (PEG-dCn) 
polymers to systematically study how polymer molecular weight and end-group 
hydrophobicity affect polymer-droplet and droplet-droplet interactions. Measurements of 
the interaction energies by isothermal titration calorimetry (ITC) show that the 
adsorption energy of PEG-dCn at the oil-water interface increases with increasing 
alkane length, as expected from studies of ethoxylated surfactants. The results are used 
to formulate a statistical mechanical model for reversible polymer bridging interactions 
between nanodroplets. A self-similarity of the model allows for facile prediction of the 
strength and range of bridging attractions from the known molecular architecture and 
adsorption energy of the polymer. The detailed attractive potential predicted by the 
model is validated by comparing to scattering measurements of the structure factor and 
second virial coefficient. Finally, we find that the model predictions agree qualitatively 
with the measured dependence of the critical gelation temperature on the 



characteristics of the bridging polymer. Overall, this study provides a basis to control the 
suspension microstructure and rheological properties of thermoreversible colloidal gels. 
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Different types of charged inverse micelles in non-polar media 

Manoj Prasad, Manoj.Prasad@Ugent.be. Ghent University, Ghent, Belgium  

Over the last years generation and electrodynamics of charged inverse micelles (CIMs) 
in non-polar liquids have been studied extensively in the model system of 
polyisobutylene succinimide in dodecane1,2. However, newly generated CIMs, which 
accumulate at the electrodes when a continuous voltage is applied, behave differently 
compared to regular CIMs present in equilibrium3. In this work, we use transient current 
measurements to investigate the behavior of the newly generated CIMs when the 
applied field is reduced to zero or reversed. We demonstrate that when applying a 
voltage the newly generated CIMs do not populate the diffuse double layer near the 
electrode but instead form a Helmholtz layer at the electrode surface. By flushing the 
measurement cell with pure dodecane while leaving the Helmholtz layer intact, the 
properties of the newly generated charges in this Helmholtz layer are investigated in 
more detail. It appears that a small fraction of the newly generated CIMs can be 
released from this Helmholtz layer when the applied voltage is reversed. An additional 
test shows that only negative charges contribute to these currents. Finally, the currents 
due to the release of charges in the Helmholtz layer match with the Mott-Gurney 
equation4 and are interpreted as space-charge limited release of these charges. The 
findings of this study provide a better understanding of fundamental processes in non-
polar liquids and are relevant for applications such as electronic ink displays and liquid 
toner printing. 
 
References 
1. Strubbe, F., Verschueren, A. R. M., Schlangen, L. J. M., Beunis, F. & Neyts, K. 
Generation current of charged micelles in nonaqueous liquids: Measurements and 
simulations. J. Colloid Interface Sci. 300, 396–403 (2006). 
2. Kornilovitch, P. & Jeon, Y. Transient electrophoretic current in a nonpolar solvent. J. 
Appl. Phys. 109, (2011). 
3. Prasad, M., Beunis, F., Neyts, K. & Strubbe, F. Switching of charged inverse micelles 
in non-polar liquids. J. Colloid Interface Sci. 458, 39–44 (2015). 
4. Murgatroyd, P. N. Theory of space-charge-limited current enhanced by Frenkel 
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Interfacial molecular assembly of conjugated polymers during solution printing 

Ying Diao, yingdiao@illinois.edu. Chemical and Biomolecular Engineering, University of 
Illinois at Urbana-Champaign, Urbana, Illinois, United States  



Self-assembly and crystallization have played a central role in the development of 
modern electronics and energy materials. Recent years, conjugated polymers have 
emerged as a new class of electronic and photoelectronic materials that are light-
weight, flexible and can be solution printed at low cost and high throughput. Conjugated 
polymers have demonstrated potential uses in a diverse range of applications from 
transistors, thermoelectrics, sensors, light-emitting diodes to solar cells etc. 
 
Charge transport in conjugated polymers is influenced over orders of magnitude by 
morphology parameters across all length scales, in particular crystallinity and molecular 
order within the domains and degree of alignment between the crystalline domains. 
During solution printing, the crystallization process is strongly coupled with the mass 
transport, fluid dynamics, and interfacial properties. Despite the critical importance of 
crystallization to morphology and charge transport, conjugated polymer crystallization 
remains poorly understood and challenging to control, particularly in the context of 
solution printing. 
 
In this work, we studied the multi-scale morphology and charge transport properties of 
conjugated polymer thin films during solution coating. We found a distinct difference in 
molecular and domain alignment at the free surface vs. the bulk of the film. Specifically, 
the polymer backbone is preferentially aligned along the printing direction at the free 
surface, whereas in the bulk of the film, it is aligned transverse to printing. This 
observation is dependent on the starting concentration of the polymer solution as well. 
We also characterized the interfacial mesoscale morphology, relative degree of 
crystallinity, and charge transport properties using a combination of techniques. Based 
on these observations and analysis, we propose the crystallization mechanism during 
solution printing, and further infer morphology – charge transport relationships. 
Interfacial morphology and molecular assembly behavior is critical to electronic 
properties, since charge transport occurs within a few molecular layers at the interface 
between the semiconductor and the dielectric layers. Therefore, our findings are 
significant to the advancement of organic electronics. Furthermore, interfacial 
crystallization of polymers is not extensively reported in the literature. We expect that 
our work will contribute to the understanding of polymer crystallization as well. 
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Self-assembly of photoswitchable carbohydrate amphiphiles and their 
antibacterial and antifreeze properties 

Yingxue Hu1, yingxue.hu@monash.edu, Rico Tabor1, Brendan Wilkinsion1,2. (1) 
Monash University, Melbourne, Victoria, Australia (2) University of New England, 
Armidale, New South Wales, Australia  

Carbohydrate amphiphiles are molecules of significant biological and industrial 
importance, and show a strong tendency to self-assemble in aqueous solvents to give 
micellar structures. Recently, there has been considerable interest in the application of 
light as an external stimulus for controlling the molecular conformation and 



amphiphilicity of surfactants. By using carefully designed light-responsive compounds, 
the control of such properties as phase behaviour, solubility, aggregation and 
adsorption can be achieved. 
 
To this end, we have synthesised a range of novel photo-switchable carbohydrate-
based amphiphiles incorporating an azobenzene moiety that undergoes clean and 
reversible photoisomerization. The aggregation and reconfiguration behaviour have 
been explored via small angle neutron scattering (SANS) and surface tension studies 
under the influence of UV and visible light. A diverse range of geometries and 
dimensions of self-assembled structures have been observed through variation of the 
carbohydrate head group. 
 
By using these light-addressable carbohydrate amphiphiles, we reveal for the first time 
the photo-control over bacterial growth, biofilm formation and ice recrystallization 
inhibition (IRI) activity. The bacteria- and photoisomer-specific inhibitory activities of 
these amphiphiles are observed against E. coli and S. aureus. These compounds also 
showed inhibition of the biofilm formation from S. aureus, whereas they promote biofilm 
formation in P. aeruginosa. Besides biological activity, these compounds also show 
significant promise as cryoprotectants with potent, light-modulated IRI activity. 

 

 
 
Figure 1. Self-assembly of photo-controllable carbohydrate amphiphiles 
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Keynote Lecture: Surface chemistry of metal oxides in atmospheric environments 
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Metal oxides are used as heterogeneous catalysts and as catalyst supports for a wide 
range of reactions. As such, metal oxides will be present in a number of different 
environments including in contact with the atmospheric environment where they can 
undergo reactions that can cause changes at the metal oxide surface that can lead to 
changes in reactivity – including complete deactivation. This talk will focus on our 
current understanding of the surface chemistry of metal oxides in atmospheric 
environments. This includes the surface chemistry and photochemistry of atmospheric 
gases with a wide range of metal oxides including titanium dioxide, silicon dioxide, zinc 
oxide, copper oxide and iron oxides. These reactions lead to a wide range of behaviors 
from the formation of weakly adsorbed molecular species to new phases forming at the 
surface. As will be discussed, most notable is the role that water plays in these 
reactions. 
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DMMP reactivity On zirconium hydroxide under in operando conditions 
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Zirconium hydroxide (Zr(OH)4) shows strong potential for trapping and decomposing 
chemical warfare agents. VX is especially reactive. H and G are also reactive, but to a 
lesser extent. However, it is unclear how the reactivity of this promising material is 
affected by environmental factors such as humidity and trace gases likely to be present 
under operational conditions. For example, do they enhance reactivity, or do they block 
surface sites involved in reaction with CW or simulants. If the latter, can the surface be 
easily regenerated? The work described here combines theory and experiment to 
elucidate changes in the reactivity of Zr(OH)4 with a common simulant (DMMP) under in 
operando (ambient) conditions, i.e. in the presence of humidity and background 
atmospheric gases such as CO2. 
 
The theory component relies on DFT and molecular dynamics to model DMMP 
interactions with slabs of Zr(OH)4. The slabs are allowed to relax, whereupon they 
spontaneously form surface terminal hydroxyls and water, which are probably involved 
with the surface reactivity mechanism. Experimentally, thin films of Zr(OH)4 are air-
brushed onto prisms for Attenuated Total Reflection Fourier Transform Infrared 
Spectroscopy (ATR-FTIR). The prisms are exposed to water, D2O, or isotopically 
labeled CO2, then DMMP, and interrogated for differences in the surface chemistry. 
Similar experiments are conducted with Diffuse Reflection IR Spectroscopy (DRIFTS) of 



Zr(OH)4 powders. We evaluate the role on reactivity of specific surface sites such as 
under-coordinated Zr, and surface moieties such as bridging and terminal hydroxyls. 
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A first-principles study of the initial hydrolysis of aluminum nitride 

Christopher J. Bartel1, christopher.bartel@colorado.edu, Christopher Muhich1,2, Alan 
W. Weimer1, Charles Musgrave1,3. (1) Chemical and Biological Engineering, University 
of Colorado, Boulder, Colorado, United States (2) Mechanical and Process Engineering, 
ETH Zurich, Zurich, Switzerland (3) Chemistry and Biochemistry, University of 
Colorado, Boulder, Colorado, United States  

Aluminum nitride (AlN) possesses among the highest thermal conductivities of 
nonmetallic materials, leading to its prevalence as a heat dissipating material for 
electronics and integrated circuit applications. Water must be avoided in the processing 
of AlN for heat dissipation applications as hydrolysis oxidizes AlN to aluminum oxide 
(Al2O3), which drastically reduces the thermal conductivity and thus heat dissipation 
capability of dense AlN. Alternatively, the propensity for AlN to hydrolyze has motivated 
its consideration as a redox material for solar thermochemical ammonia (NH3) synthesis 
(STAS) applications where AlN would be intentionally hydrolyzed to produce NH3 and 
Al2O3, which could be subsequently reduced in N2 to reform AlN and reinitiate the STAS 
cycle. No quantitative, atomistic mechanism by which metal nitrides (including AlN) 
react with water to become oxidized and generate NH3 yet exists. In this work, we used 
density functional theory to examine the reaction mechanisms of the initial stages of AlN 
hydrolysis. We found activation barriers for hydrolysis of roughly 80 kcal/mol, 
corroborating the high observed temperatures for the onset of AlN hydrolysis (950°C). 
We predict the mechanism by which nitrogen is initially liberated from the AlN lattice as 
NH3 and by which oxygen is concomitantly introduced into the AlN lattice. We found that 
AlN hydrolysis operates via a Grotthuss-like surface proton transport mechanism 
mediated by surface OH groups which is kinetically limited by the need to dissociate 
strong Al-N surface bonds in order to accumulate protons on surface N atoms to form 
NH3. Despite the importance of metal nitrides for a number of applications, to the best of 
our knowledge, we have demonstrated the first ab initio description of metal nitride 
hydrolysis in addition to the first atomistic description of Grotthus-like proton transport 
mediated by adsorbed hydroxyl groups in the absence of solvation. 
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Park, Maryland, United States (3) Nova Research, Inc., Alexandria, Virginia, United 
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In situ vibrational spectroscopy, coupled with first principles quantum-chemical theory 
and modeling were used to develop a molecular-level understanding of chemical 
interactions between a chemical warface agent (CWA) simulant, dimethyl 
methylphosphonate (DMMP), and metal oxides (Al2O3, CuO, MoO3, ZnO) commonly 
used in air filtration materials. Diffuse-reflection Fourier Transform infrared spectroscopy 
(DRIFTs) was performed on metal oxide nanoparticles diluted in KBr (10 wt. %) upon 
exposure to DMMP under varying environmental conditions of humidity and potential 
atmospheric interferents. Our data revealed that the presence of a single interferent can 
drastically alter the catalytic behavior of a metal oxide towards DMMP. While inert under 
dry conditions, Al2O3 and MoO3catalyzed the decomposition of DMMP under humid 
conditions in which water co-adsorbed with DMMP. Conversely, CuO catalyzed the 
decomposition of DMMP under dry conditions; however, exposure to H2O or SO2 
suppressed or eliminated catalysis. Interestingly, exposure to both H2O and SO2 
enhanced decomposition of DMMP on CuO. These results highlight that the “active” 
metal oxide(s) in multi-component filtration materials may vary under different 
environmental conditions. The insight provided about chemical interactions between 
individual metal oxides, CWAs, and interferents will aid in the development of new 
materials that synergistically challenge CWA under practical conditions. 
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Water adsorption under ambient conditions: To dissociate or not at metal oxide 
interfaces 

John T. Newberg3, jnewberg@udel.edu, Chris Arble3, Sana Rani3, Jorge A. 
Boscoboinik1, Xiao Tong1, Livia Giordano2, Anna Maria Ferrari4. (1) Center for 
Functional Nanomaterials, Brookhaven National Laboratory, Upton, New York, United 
States (2) Scienza Dei Materiali, Universita di Milano-Bicocca, Milano, Italy (3) 
University of Delaware, Newark, Delaware, United States (4) Universita di Torino, 
Torino, Italy  

The molecular level understanding of metal oxide surfaces has important implications in 
chemical processing and trace gas adsorption in catalysis and atmospheric aerosol 
chemistry. The adsorption and/or dissociation of water at the interface can enhance or 
inhibit interfacial transformations. It is therefore important we understand the extent to 
which water reacts with metal oxide surfaces. We will present recent efforts to 
understand the interfacial chemistry of metal oxide single crystal and thin film surfaces 
exposed to water vapor using in-vacuo X-ray Photoelectron Spectroscopy (XPS), 
ambient pressure XPS, scanning tunneling microscopy (STM), kinetic modelling and 
computer simulations. Results highlight the importance of surface chemistry, metal 
oxide crystal termination, and external humidity conditions on the interfacial dynamics 
and chemistry of water at metal oxide interfaces. 
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Keynote Lecture: Structure of nanoconfined fluids elucidated via force 
measurements 

Rosa M. Espinosa-Marzal, rosae@illinois.edu. University of Illinois at Urbana-
Champaign, Urbana, Illinois, United States  

Our research in the past years has focused on understanding composition and 
properties of nanoconfined fluids via direct force measurements. We have used both, an 
extended surface forces apparatus and colloidal probe AFM, to measure structural 
forces, the structural transitions upon approach, the corresponding pull-off forces upon 
separation, and friction forces. Examination of film-thickness transitions and correlated 
changes in pull-off force reveals the structure of the nanoconfined interfacial fluid film. 
Various examples are discussed. In aqueous solutions, changing salt concentration, 
ions or pH provides the means to shift the species concentration and relative structural 
strengths. We find that different structural elements are existent at similar strength, and 
we can assign them to partially hydrated ions in different surface-adsorption states, and 
to surface hydration layers. In non-aqueous solvents, it is shown how contaminant 
molecules, like water, and surface-heterogeneities affect the structure of the 
nanoconfined fluid. 
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Influence of the dynamic structural heterogeneity of self-assembled monolayers 
on hydrophobic interactions 

Hongseung Yeon, younhongs@gmail.com, Chenxuan Wang, Nicholas L. Abbott. Univ 
of Wisconsin, Madison, Wisconsin, United States  

Hydrophobic interactions are generated by the dynamic structuring of water between 
nonpolar molecules or surfaces. These interactions underlie diverse phenomena, 
including the coalescence of oil droplets in water and the folding of proteins into 
functional complexes. Although computational studies have yielded a number of 
predictions regarding the effects of nanoscopic heterogeneity on hydrophobic 
interactions, few experiments have tested these predictions. In this presentation, we will 
describe the influence of dynamic structural heterogeneity on hydrophobic interactions 
between two gold surfaces modified with self-assembled monolayers (SAMs) of n-
alkanethiols. Specifically, by combining use of atomic force microscopy (AFM) and 
polarization modulation infrared reflection adsorption spectroscopy (PM-IRRAS), we 
have measured hydrophobic and van der Waals contributions to the adhesive 
interactions between the SAMs as a function of the length (and order) of the 
alkanethiols (CH3(CH2)nSH, where n=3 to 17). Significantly, we observed the strength of 
the hydrophobic adhesion to correlate closely to a chain-length-dependent transition 
from a liquid-like to crystalline-like monolayer, leading to the hypothesis that the 
strength of the hydrophobic interaction is strongly dependent on the fluidity/dynamic 



structural heterogeneity of the interface. Overall, our results suggest that the ordering of 
non-polar molecules at interfaces strongly modulates the strength of hydrophobic 
interactions mediated by those interfaces. 
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Probing surface interactions and thin films drainage process of air bubble and 
liquid droplet using droplet probe atomic force microscopy 

Chen Shi, shichen.ce@gmail.com, Hongbo Zeng. CME, University of Alberta, 
Edmonton, Alberta, Canada  

Deformable air bubble and liquid droplet are involved in a wide range of established and 
modern industrial and technological applications.In this work, a combination of atomic 
force microscopy (AFM) and reflection interference contrast microscopy (RICM) was 
used to measure simultaneously the interaction force and the spatiotemporal evolution 
of the thin water film between a bubble and mica surfaces with varying degrees of 
hydrophobicity in various aqueous solutions. At low salt concentration, the electrical 
double layer repulsion inhibited attachment of air bubble on mica surfaces with varying 
hydrophobicity. At high salt concentration, stable water films, supported by the repulsive 
van der Waals force were always observed between air bubble and hydrophilic mica 
surfaces (water contact angle θw< 5°), whereas bubble attachment was observed on 
hydrophobized mica surfaces due to hydrophobic attraction. Theoretical analysis using 
a theoretical model, based on the Reynolds lubrication theory and the augmented 
Young-Laplace equation including the effects of disjoining pressure, provided excellent 
agreement with experiment results, indicating the essential physics involved in the 
interaction between air bubbles and solid surfaces can be elucidated. A hydrophobic 
interaction free energy was used to quantify the attraction between a bubble and 
hydrophobized mica surface and for surfaces with water contact angle in the range 45° 
< θw < 90°, the decay length DH varied between 0.8 and 1.0 nm. This study quantified 
the hydrophobic interaction in an asymmetric system between an air bubble and 
hydrophobic surface and provided a feasible method for synchronous measurements of 
the interaction forces with sub-nN resolution and the drainage dynamics of thin films 
down to nm thickness involving deformable air bubble and liquid droplet. This 
bubble/droplet probe AFM technique has also been applied to quantify the interaction 
mechanisms between air bubbles and many other surfaces (e.g. mineral surfaces, 
superhydrophobic surfaces) and between oil droplets in the presence of surface active 
materials. 
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Probing hydrophobic interactions of polymer surfaces and deformable surface 

Hongbo Zeng, hongbo.zeng@ualberta.ca, Chen Shi, Ali Faghihnejad. Chemical and 
Materials Engineering, University of Alberta, Edmonton, Alberta, Canada  



Characterization of adhesion properties and molecular interaction mechanisms of 
polymers has attracted much research interest for many years. In this presentation, the 
recent advances in understanding the hydrophobic interactions of polymer surfaces and 
deformable surfaces (e.g. bubbles) are presented. The interactions between two 
hydrophobic polymer surfaces were directly measured using a surface forces apparatus 
(SFA) in different electrolyte solutions. We found that the long-range hydrophobic 
interaction measured is due to bridging of microscopic and sub-microscopic bubbles on 
polystyrene surfaces. The range of the hydrophobic interaction decreases with 
increasing the electrolyte concentration for NaCl and CaCl2, but shows no significant 
change for HCl and CH3COOH, which is related to the formation and stability of bubbles 
on hydrophobic surfaces due to the ion specificity. The range of the hydrophobic 
interactions was reduced to about 10-20 nm by degassing the aqueous solutions, but 
gradually recovered when re-exposing the degassed solution to air. Moreover, 
spontaneous cavitation of water between two interacting polystyrene surfaces was 
directly observed in degassed aqueous solution at a separation of <20 nm. Our results 
indicate that dissolved gasses in solutions play an important role in the interactions of 
polymer surfaces, and support a three-regime “hydrophobic” interaction model 
proposed. 
A combination of atomic force microscopy (AFM) and reflection interference contrast 
microscopy (RICM) was further used to measure simultaneously the interaction force 
and the spatiotemporal evolution of the thin water film between a bubble in water and 
mica surfaces with varying degrees of hydrophobicity. This work has provided a general 
potential function and quantified the hydrophobic interaction in asymmetric system 
between air bubble (or liquid droplet) and hydrophobic surfaces, and provides a feasible 
method for synchronous measurements of the interaction forces with sub-nN resolution 
and the drainage dynamics of thin films down to nm thickness. 
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Effects of film thickness on elastohydrodynamic deformation 

Yumo Wang2, ymwang0203@gmail.com, Charles Dhong3, Joelle Frechette1. (1) Johns 
Hopkins University, Baltimore, Maryland, United States (2) Chemical & Biomolecular 
Engineering, Johns Hopkins University, Baltimore, Maryland, United States  

Surface and interfacial phenomena in soft matter display complex mesoscale behaviors 
that are qualitatively different from those encountered in stiff materials. 
Elastohydrodynamic deformation, for example, can cause lift and reduce friction during 
sliding and alter the rheological properties of soft colloidal particles. Elastohydrodynamic 
deformation also modifies the shape of approaching surfaces, a determining factor for 
the adhesion dynamics to wet or flooded surfaces. When studying elastohydrodynamics 
in soft matter it is a challenge to measure simultaneously the hydrodynamic forces and 
the deformation, both necessary to understand how contact is reached and the coupling 
between deformation and viscous dissipation. 
 
We will discuss in this presentation the characterization of the spatiotemporal 
deformation of an elastic film during the radial drainage of fluid from a narrowing gap 
using Surface Forces Apparatus. We observe that the elastic deformation of a thick film 
takes the form of a dimple and prevents full contact to be reached. We reveal the 
importance of measuring absolute surface separation when working with soft materials 
by showing the effects of viscoelasticity, and point out that elastic compliance leads to 
lower hydrodynamic forces at a given while deformation leads to stronger forces at a 
given fluid film thickness. With thin elastic film the stress becomes increasingly 
supported by the underlying rigid substrate and the dimple formation is suppressed, 
which allows the surfaces to reach full contact. For intermediate thickness films we 
observe shapes that are more complex when close to contact. These shapes originate 
from lubrication pressure and its corresponding deformation distribution on a curved, 
layered compliant system. We extend existing models for elastohydrodynamic 
deformation to the more general case of the compliant material being part of a multi-
layer system instead of a half-space. When taking the finite thickness of the compliant 
film into accout we predict the same complex morphology as the ones observed in 
experiments. Our work is the first reported and validated prediction that such complex 
surface profiles exist in elastic solid and we draw analogies to the cases of “wimple” or 
“pimple” that have been observed in droplets. 
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Contrasting the influences of isolated and interconnected microstructures on 
hydrodynamic drainage forces 

Georgia A. Pilkington, georgia.pilkington@jhu.edu, Joelle Frechette. Johns Hopkins 
University, Baltimore, Maryland, United States  



Despite its importance in many applications and processes, a complete and unified view 
on how nano- and micro-scale asperities influence hydrodynamic interactions has yet to 
be reached. In particular, the effects of surface structure can be expected to become 
more dominant when the length scale of the asperities or textures become comparable 
to that of the fluid flow. Using the surface forces apparatus (SFA), we have measured 
the hydrodynamic forces between a smooth plane and lyophilic surfaces decorated with 
hexagonal arrays of isolated (holes) and interconnected (pillars) microstructures in a 
viscous silicone oil. For all the microstructures studied, the periodicity of the surface 
features was much larger than the separation range of our measurements, hence 
formed a thin channel geometry.1 
In this talk, the approach and separation forces measured for the different 
microstructures will be compared to predictions for existing theoretical boundary 
condition models for smooth surfaces (Reynolds theory), interfacial slip and a shifted 
no-slip plane. Furthermore, the consequences of isolated and interconnected 
microtextures on hydrodynamic flow between surfaces at close proximity will be 
contrasted and discussed. Such hydrodynamic interactions in limited geometries are 
particularly relevant to microfluidic and lubricant systems. However, may also have 
implications for other future technological applications involving the confinement of fluid 
flow. 
 
References: 
(1) Pilkington, G. A.; Gupta, R.; Fréchette, J., Scaling Hydrodynamic Boundary 
Conditions of Microstructured Surfaces in the Thin Channel Limit. Langmuir 2016, 32, 
2360-2368. 
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Effect of polymer confinement on the film drainage behavior between a 
deformable droplet and mica: An RICM study 

Suraj Borkar, suraj.borkar@mail.utoronto.ca, Arun Ramachandran. Chemical 
Engineering and Applied Chemistry, University of Toronto, Toronto, Ontario, Canada  

We consider the dynamic effects of confinement of macromolecular liquids, such as 
polymer melts, on the film drainage process between a droplet and a flat mica surface. 
Under confinement of the order of few molecular length scales, layering and adsorption 
of long chains of polymers can cause entropic repulsion due to a reduced 
configurational freedom. This repulsive force can prevent film rupture and may instead 
result in the formation of a stable film with a finite yield stress. 
In the current work, experiments were conducted with deformable droplets settling 
under gravity in a suspending liquid for Bond numbers of O(10-4). The film drainage was 
studied using a microinterferometric technique namely, Reflection Interference Contrast 
Microscopy (RICM) for two different systems: a) silicone oil drops in paraffin oil, b) 
glycerol drops in silicone oil. The RICM analysis for obtaining the film drainage profiles, 
was performed using a combination of simple cosine theory and ray tracing algorithm. 
The silicone oil-paraffin oil system exhibited Newtonian behavior throughout the film 



drainage process. On the other hand, glycerol drops of radii smaller than 130 μm, 
resulted in the formation of a flat film of silicone oil with an approximate thickness of 10 
nm. The origin of this repulsive force is attributed to the presence of an immobilized 
layer of adsorbed polymer chains. Nevertheless, remobilization of the film in the form of 
nucleation and growth of mobile sites was observed at long time scales (~1-12 hours), 
rendering the film unsteady and susceptible to rupture. A combination of Nuclear 
Magnetic Resonance (NMR), Gel Permeation Chromatography (GPC) and cryo-
Scanning Electron Microscopy (cryo-SEM) studies will be reported to explain the 
observations. 
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Keynote Lecture: Transformations and biological impact of emerging energy storage 
nanomaterials 
Robert J. Hamers, rjhamers@wisc.edu. Univ of Wisconsin, Madison, Wisconsin, 
United States  

The rapid increase in mobile electronics and electric vehicle technologies is leading to a 
rapid escalation in the use of complex oxides as cathode materials in the lithium-ion 
batteries that power these devices. Economic factors are driving a trend toward mixed-
oxide materials such as LixNiyMnzCo1-y-z O2 (“NMC”) that combine high performance 
with low cost. However, these materials also incorporate substantial amounts of metals 
such as Ni and Co that may post environmental risk, and there is not current any 
national infrastructure for recycling of these materials. We have been investigating the 
transformation of these emerging nanomaterials and the resulting biological impact as 
revealed through acute and chronic mortality studies and gene expression studies using 
Shewanella oneidensis and Daphnia magna as model organisms. Our results show that 
this class of materials undergoes incongruent dissolution, preferentially releasing Ni2+ 
and Co2+ and leaving behind a Mn-rich transformation product. Exposure to NMC 
induces toxic effects through multiple pathways; with Shewanella these effects can be 
attributed almost exclusively to the redox dissolution of the NMC to form Ni2+ and Co2+ 
ions in solution. In contrast, ion-equivalent controls cannot reproduce the effects 
observed with Daphnia magna. These results highlight the need to develop a 
mechanistic understanding of the transformation of nanomaterials in the environment 
and the resulting impacts. Some perspectives on potential strategies for redesign to 
reduce adverse biological impact will be presented. 
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Biofilm formation and biodegredation of carbon nanotube-polymer 
nanocomposites 

Howard Fairbrother1, howardf@jhu.edu, David G. Goodwin1, Duc Phan2, Zehui Xia2, 
Edward J. Bouwer2. (1) Chemistry, Johns Hopkins University, New Hope, Maryland, 
United States (2) Geography and Environmental Engineering, Johns Hopkins 
University, Baltimore, Maryland, United States  



Carbon nanotube/polymer nanocomposites (CNT/PNCs) are being increasingly 
produced for consumer applications as a result of the enhanced materials properties 
imparted to the polymer by CNT incorporation; these properties can include increased 
mechanical strength and electrical conductivity. However, upon disposal, CNT/PNCs 
could lead to adverse effects in the environment due to CNT release, CNT/PNC 
persistence, and CNT/PNC transformation pathways that expose CNT fillers. One 
means by which nanocomposites can be transformed in end-of-life scenarios is as a 
result of their interactions with microbial populations present in landfills, surface waters, 
and wastewater treatment plants. In this study, we have investigated the impact of CNT 
incorporation on biofilm formation and biodegradation of CNT/PNCs. This was assessed 
under accelerated conditions using biodegradable polymer matrices. Under single 
culture conditions, cell death of Pseudomonas aeruginosa was observed when in direct 
contact with CNTs at the surface of a CNT/PNC. However, viable biofilm formation 
continued once a sacrificial dead layer of cells has formed at the surface, as indicated 
by LIVE/DEAD staining. Biodegradation studies performed using mass loss studies and 
SEM revealed that in single cultures the presence of CNTs can retard biodegradation 
and that for CNT loadings above a certain threshold (> 2% w/w), the CNT/PNCs 
resisted complete biodegradation and remained persistent. In contrast, biodegradation 
of CNT/PNCs under mixed culture conditions led to complete polymer matrix 
degradation and generated a brittle, CNT mat although no evidence of CNT release was 
observed. More qualitative details of CNT release as a result of biodegradation will be 
presented were single-particle ICP-MS was used as a proxy to detect CNTs. Potential 
benefits and implications of CNT/PNC persistence, degradation, and release will be 
discussed. 
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Influence of membrane-associated proteins on nanoparticle interaction with 
model biological membranes 

Joel A. Pedersen2, joelpedersen@wisc.edu, Eric Melby4, Thomas Kuech6, Arielle C. 
Mensch5, Marco D. Torelli7, Lisa M. Jacob3, Ariane Vartanian8, Catherine J. Murphy1, 
Robert J. Hamers2. (1) Box 59-6, Univ of Illinois at Urbana-Champaign, Urbana, Illinois, 
United States (2) Univ of Wisconsin, Madison, Wisconsin, United States (3) University 
of Illinois Urbana-Champaign, Urbana, Illinois, United States (4) Environmental 
Chemistry and Technology, University of Wisconsin - Madison, Madison, Wisconsin, 
United States (5) Chemistry, University of Wisconsin Madison, Madison, Wisconsin, 
United States (6) Environmental Chemistry & Technology Program, University of 
Wisconsin - Madison, Madison, Wisconsin, United States (7) Chemistry, University of 
Wisconsin - Madison, Madison, Wisconsin, United States (8) Chemistry, University of 
Illinois Urbana Champaign, Urbana, Illinois, United States  

The cytoplasmic membrane represents the frontier between cells and their external 
environment and serves as an initial point of contact between nanoparticles and 
eukaryotic cells. Concerns about the interaction of engineered nanomaterials with 
biological systems in the environment have increased as their production and use has 



accelerated. We have employed supported lipid bilayers, widely used models of cell 
membranes, to systematically investigate the influence of specific membrane 
components on their interaction with nanoparticles. The cytoplasmic membrane can 
contain up to 70% protein on a mass basis, yet the influence of membrane proteins on 
the interaction with nanoparticles with biological membranes has received little study. 
As an initial step toward understanding the interaction of nanoparticles with protein-
containing membranes, we have formed supported lipid bilayers incorporating model 
peripheral membrane proteins. We used quartz crystal microbalance with dissipation 
monitoring to study the interaction of gold and diamond nanoparticles bearing cationic, 
neutral, and anionic coatings with protein-containing model membranes. The results 
obtained with protein-containing bilayers contrast strongly with those obtained from pure 
phospholipid bilayers. For example, neutral and anionic nanoparticles that interact 
minimally with phospholipid-only bilayers, interact to a substantial extent with model 
membranes containing proteins. These results highlight the importance of systematic 
investigation of membrane components in addition to phospholipids for understanding 
nanoparticle interactions at the nano-bio interface. 
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Complex colloidal motion at oil-water interfaces with bacteria 

Liana Vaccari1, liana.vaccari@gmail.com, Tagbo H. Niepa1, Mehdi Molaei1, Nima 
Sharifi-Mood1, Robert Leheny2, Kathleen J. Stebe1. (1) Chemical and Biomolecular 
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States (2) 
Johns Hopkins University, Baltimore, Maryland, United States  

Bacteria are a class of active colloids with complex responses to fluid interfaces. 
Bacteria can become trapped on or near the interfaces, and influence the dynamics 
there through several mechanisms. We perform tracking on micron sized beads 
dispersed at the interface between hexadecane and an aqueous bacteria bath. The 
particle motion is informed by the presence of swimming bacteria on and near the 
interface. Rather than characterizing this active system by an effective diffusion 
coefficient that suggests a higher effective temperature, we demonstrate trends in less 
generic characterizations, such as net-to-gross displacement ratio (NGDR), radius of 
curvature of the particle trajectories, and spatial and temporal velocity correlation 
between particles. As bacteria form films of bacteria at the interface (FBI), we observe 
differentiable regimes of actively propelled particles, viscous, and elastic regimes, and 
even levels of activity within these parameters. 

We are also considering the method by which the bacteria and particles interact. The 
particles need not have direct collisions with the bacteria in order to be propelled by the 
active cells; hydrodynamic interactions between cells and particles can significantly 
influence particle trajectories. We are investigating this through holography of the live 
system and via Stokesian dynamic simulations. 
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The mechanisms of asphaltene precipitation in oil studied with Brownian 
Dynamics simulations 

Kolattukudy P. Santo2, santotheophys@gmail.com, Aleksey Vishnyakov1. (1) 
Chemical & Biochemical Engineering, Rutgers the State University of NJ, Piscataway, 
New Jersey, United States (2) Chemical & Biochemical Engineering, Rutgers, The state 
university of New Jersey, Piscataway, New Jersey, United States  

Asphaltenes are polyaromatic compounds that form the most problematic fraction of 
crude oils. Many industrial problems such as pipeline plugging are attributed to complex 
behavior of asphaltenes. While asphaltenes are operationally defined as the fraction 
soluble in toluene but insoluble in heptane, they exist in colloidal form. Polyaromatic 
cores form nanosized primary clusters stabilized by aliphatic chains attached to 
polyaromatic cores of asphaltenes or resins (smaller molecules of similar structure with 
higher aliphatic content). 
 
In this work, asphaltene precipitation is explored by Brownian Dynamics simulations. 
The primary aggregates are modelled as individual particles that experience short range 
attraction between the polyaromatic cores due to van der Waals forces and hydrogen 
bonds and entropic repulsion of a longer range between the aliphatic chains. The 
resulting potential implicitly accounts for the solvent composition and resin 
concentration. As the aliphatic fraction of the solvent increases, the primary clusters 
aggregated into larger agglomerates. The mechanism of precipitation is determined by 
the overall volume fraction of asphaltenes and resin concentration. At low resin 
concentration, the primary clusters form approximately spherical agglomerates that 
eventually merge leading to liquid-liquid separation. An increase in resin concentration 
led to fractal-like agglomerates that slowly evolve in shape and coalesce. They are 
stable within the available simulation time. 
 
The model developed is instrumental in elucidation the mechanisms of asphaltene 
precipitation and can be applied to other colloid systems. 

 



 
 
Fractal-like agglomerates in a sample containing 3% vol asphaltenes. Largest aggregates have 
the size of 150 nm and contain 5000+ primary clusters. The fractal dimension in this case is 
approximately 1.8. 
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Responsive stabilization & applications of nanoparticles in extreme salinity and 
high-temperature reservoirs 

Mikhil Ranka, mikhilr@mit.edu. Chemical Engineering, MIT, Cambridge, 
Massachusetts, United States  

In recent years, nanoparticles have demonstrated promise for the development of next 
generation technologies for subsurface reservoir characterization and oil recovery. Until 
now, however, the scope of such nanoreporters has been limited due to the significant 
challenge of colloidal stabilization under the harsh reservoir conditions of extreme 
salinity and high temperature. Previous efforts to address this problem have focused on 
conventional polyelectrolyte-based stabilizers, which unfortunately fail at high ionic 
strengths due to excessive charge screening. We report a new approach to stabilization 
that overcomes this key deficiency of polyelectrolytes by specifically taking advantage of 
enhanced charge screening afforded by high ionic strengths. The approach is based on 
the anti-polyelectrolyte phenomenon, in which screening of intra-chain electrostatic 
interactions causes a polymer chain to undergo a structural transition from a collapsed 
globule to a more open coil-like regime. We demonstrate the concept by successfully 
stabilizing a variety of colloidal systems such as nanoparticles, nanoemulsions, 
Pickering emulsions and up conversion nanocrystals (UCNs). Overall the approach 
holds promise for serving as a future platform for the development of a wide range of 



applications, including nanoreporting, wettability control and mobilization of stranded oil 
pockets. 
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Colloidal suspensions of MgO nanoparticles in molten salts for continuous CO2 
capture from high temperature effluent gases 

Takuya Harada1, t_harada@mit.edu, Fritz Simeon2, Esam Z. Hamad2, T. Alan Hatton1. 
(1) Department of Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (2) Research & Development Centre, Saudi 
Aramco, Dhahran, Saudi Arabia  

The development of versatile energy efficient CO2 capture processes is a crucial 
challenge for the mitigation of greenhouse gas emissions. We demonstrate that colloidal 
suspensions of MgO nanoparticles in thermally stable molten salts are well suited as a 
new class of efficient CO2 capture media for treatment of high temperature (~300 °C) 
effluent gases found, for instance, in oxycombustion and ICCG processes, and in the 
exhaust gases of mobile sources. The conventional CO2 capture technology, “wet-
scrubbing” with aqueous amines, is the first commercially viable industrial process, but it 
operates at low temperatures and suffers from high energy penalties. Our MgO-based 
CO2 adsorbents operate very effectively over intermediate temperature ranges around 
~300 °C to allow efficient utilization of the waste heat in high temperature exhaust 
emissions. We demonstrate that our colloidal suspensions of these particles in molten 
salts can be used as effective absorbents for continuous flow CO2 capture systems. 
 
In this presentation, we will discuss the preparation and detailed characterization of the 
colloidal nanoparticles and their stable suspension in organic molten salts, followed by a 
demonstration of their effective use as absorbents for CO2. The MgO nanoparticles with 
intra-cluster grain boundaries and rough surfaces are synthesized by a non-hydrolytic 
sol-gel reaction followed by calcination. Next, the nanoparticles are coated with alkali-
metal nitrates and then dispersed in an organic molten salt. The colloidal suspensions 
showed high CO2 reactivity with favorable rheological and thermal stability properties at 
temperatures as high as 300 °C, demonstrating their potential utility in large-scale CO2 
capture processes. The success of these dispersions relies on the rapid absorption and 
diffusion of CO2 within the dispersant molten salt medium of the, and transfer to the 
surface of the MgO particles to initiate the formation of the carbonates within the molten 
alkali-metal nitrates coating the particles. The particles themselves have exceptionally 
high capacities of ~15 mmol/g that are significantly greater (by ~5 to 10 fold) than those 
reported for other adsorbents in this temperature range. 
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Effect of active Janus particles on the microscopic dynamics of fractal cluster 
gels 



Megan Szakasits2, meganesz@umich.edu, Wenxuan Zhang2, Michael J. Solomon1. (1) 
Univ of Michigan, Ann Arbor, Michigan, United States (2) Chemical Engineering, 
University of Michigan, Ann Arbor, Michigan, United States  

Active colloids can potentially alter the dynamics of otherwise passively driven, 
Brownian particle gels and networks. We find that fractal cluster colloidal gels 
embedded with active, platinum coated, Janus colloids exhibit enhanced dynamics 
when activated by the addition of hydrogen peroxide. Gels are self-assembled by the 
addition of a divalent salt – magnesium chloride – to an initially stable suspension of 
Janus and polystyrene colloids. The platinum coated polystyrene colloids that are 
embedded in the gel network become active through the addition of hydrogen peroxide, 
which is delivered to the gel through a porous hydrogel membrane. Changes in the 
single-particle dynamics in the gel are visualized by means of two channel confocal 
laser scanning microscopy. Both active and passive colloids undergo a change in 
dynamics upon hydrogen peroxide addition. Through image analysis, we determine the 
positions of particles in a particular 2D layer and compute the mean squared 
displacement (MSD) of the gels before and after the addition of hydrogen peroxide. The 
average MSD of all the particles in the layer is found to be a function of the hydrogen 
peroxide concentration and the ratio of active to passive particles. We discuss the 
observed enhancement as a consequence of the additional energy that the active 
particles contribute to the gel network. Our results demonstrate that the dynamics of all 
particles are enhanced as activity is input into the gel by the Janus particles. 
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Microscale yielding of cellulose fiber gels 

Jie Song3, Marco Caggioni2, Todd Squires1, Patrick T. Spicer3, ptspicer@gmail.com. 
(1) Chemical Engineering Dept, University of California, Santa Barbara, California, 
United States (2) P&G Research, West Chester, Ohio, United States (3) Chemical 
Engineering, UNSW Australia, Sydney, New South Wales, Australia  

Complex fluids have been studied and developed throughout most sectors of industry 
and medicine because of their unique rheological properties. Suspending colloidal 
particles with attractive interactions to form a network is a common way to impart a yield 
stress to a fluid. Large aspect ratio cellulose nanofibers are able to a form poroelastic 
network at low volume fractions via aggregation and entanglement, forming a gel 
without significantly modifying viscosity. Such nanofiber gels have a small but useful 
yield stress and a better ability to suspend particles than non-interacting higher volume 
fraction glasses because the sparse fiber networks can significantly restructure at small 
strains. Yielding behavior can thus strongly depend on the fluid microstructure type.  

In our study, a new active microrheology technique is developed and applied to study 
deformation and yielding of weak cellulose fiber gels. Microrheology coupled with 
confocal imaging shows how gel yield stress can be a strong function of the structural 
deformation rate because of localized network restructuring. Such response is 



advantageous to numerous applications like surface coatings, nasal sprays, cosmetics, 
and foods. Understanding the mechanism of rate- and length-scale dependent yielding, 
and relating microstructure changes to bulk rheology, will enhance our ability to 
formulate, model, and design complex fluids with novel performance. 
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Characterization of the dynamic heterogeneous transition of a hydrogenated 
castor oil gel using multiple particle tracking microrheology 

Matthew Wehrman1, mdw313@lehigh.edu, Seth Lindberg2, Kelly Schultz1. (1) 
Chemical and Biomolecular Engineering, Lehigh University, Bethlehem, Pennsylvania, 
United States (2) Procter & Gamble, West Chester, Ohio, United States  

Rheological modifiers are important components of consumer products such as fabrics 
and home care goods. Naturally sourced colloidal materials are being investigated to 
expand the use of colloids as rheological modifiers for products that will be in close 
contact with biological surfaces. One benefit of some colloidal gels is the repeatable 
phase transitions that can be exploited to deliver payloads. But the complex rheological 
behaviors during critical transition have not been characterized. Hydrogenated castor oil 
(HCO) is a vegetable wax currently used as a rheological modifier for paints and 
coatings. This gel is easily degraded by submerging a sample into water for expansion, 
and the colloids contract when contacted with a surfactant. Multiple particle tracking 
microrheology (MPT) is used to quantify the critical transition of HCO gels. In MPT, 
fluorescent probe particles are embedded in a sample and the Brownian motion of the 
probes is measured and related to rheological properties using the Generalized Stokes-
Einstein Relation. MPT characterizes both temporal and spatial changes in material 
properties during dynamic gel transitions. Time-cure superposition is used to determine 
the critical transition time and critical relaxation exponent. The critical relaxation 
exponents are 0.77±0.08 and 0.90±0.15 for expansion and contraction, respectively. 
The critical exponents indicate that these colloids associate into open, porous networks. 
These values are within margin of error suggesting reversible material properties during 
expansion and contraction. Traditionally, MPT is only applicable to homogenous 
materials. This work develops techniques to quantify material properties for 
heterogeneous materials from different microenvironments within the gel. Variances in 
individual probe particle van Hove correlation functions are compared using an F-test 
with a 95% confidence interval, separating particles probing different 
microenvironments. Material properties are calculated for each separate 
microenvironment. Heterogeneities during the critical transition are quantified and 
diffusivities of microenvironments are reported. With the work presented, MPT can be 
used to accurately quantify material properties of individual microenvironments for a 
heterogeneous material, broadening the use of naturally sourced colloids as rheological 
modifiers. 
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Video-microscopy based micro-rheological characterization of complex fluids: An 
industrial perspective 

Marco Caggioni1, caggioni.m@pg.com, Raffaele Pastore4,3, Fabio Giavazzi2, Roberto 
Cerbino2. (1) Complex Fluids Microstructures, Procter & Gamble, Cincinnati, Ohio, 
United States (2) BIOMETRA, University of Milan, Segrate, MI, Italy (3) UC Simulation 
Center, University of Cincinnati, Cincinnati, Ohio, United States (4) SPIN, CNR, Napoli, 
Italy  

Many commercial formulated products, shampoos, laundry detergents or skin care 
formulations, are complex fluids in which multiple phases form a highly heterogeneous 
colloidal environment and coexist in a delicate balance. Such heterogeneity, is often 
created by design and strongly affects the functionality and performance of the product. 
In many cases the underlying microstructures can be classified as colloidal gels or 
glasses and the ability to characterize their dynamics is key to ensure product 
functionality. 
 
In this talk we’ll describe the application of Differential dynamic microscopy (DDM)1 and 
particle tracking microrheology (PTM)2 to the characterization of a broad class of 
commercial colloidal suspension representing both colloidal glasses and gels. The two 
techniques prove nicely complementary: when possible to track tracers, PTM provides a 
simple and established way to probe selected local rheological environments, while 
DDM provides information on the characteristic time scale of microstructure relaxation 
even when the sample complexity makes the tracking of individual tracers non feasible. 
We believe that the combination of the two techniques and possibly even more creative 
ways to interpret the microscopy video data will provide a path to characterization of 
heterogeneity and slow dynamic of complex fluids broadly applicable even to an 
industrial environment. 
 
1 Cerbino, Roberto, and Veronique Trappe. "Differential dynamic microscopy: probing 
wave vector dependent dynamics with a microscope." Physical review letters 100.18 
(2008): 188102. 
 
2 Valentine, Megan T., et al. "Investigating the microenvironments of inhomogeneous 
soft materials with multiple particle tracking." Physical Review E 64.6 (2001): 061506. 
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Dynamics of two-dimensional colloidal clusters under rotating magnetic fields 

Elaa Hilou, eih1@rice.edu, Di Du, Sibani L. Biswal. Chemical and Biomolecular 
Engineering, Rice University, Houston, Texas, United States  

We use micron-sized paramagnetic colloids to generate a tunable, isotropic system that 
allows for the assembly of particles into two-dimensional clusters. By changing the 
magnetic field strength, we change the interaction energy, leading to the formation of 



clusters of different phases - such as a fluid or crystal - that grow and coalesce. These 
clusters behave like droplets, but show both fluid and crystal-like dynamics. We 
characterize these droplets at quasi-equilibrium and quantify their structure to show how 
the bulk phase differs from the interface, which depends largely on the interaction 
energy between the particles that make up the cluster. We also determine the stability 
of these colloidal, clustered, droplets by calculating their energy using a modified dipolar 
model and measuring the surface excess energy. We look at the fluctuation of the 
interface and use Fourier analysis to measure interfacial tension and compare the 
results to the stability found using surface excess energy. We also capture the 
dynamics of grain boundaries that form as a result of their coalescence with other 
droplets and compare these dynamics to colloidal droplets of different sizes and 
phases. 
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Relationships between structure and permeability in colloidal networks 

Lev Gelb1, lev.gelb@utdallas.edu, Alex Mertz2, Marc Ingber2, Alan L. Graham3, Antonio 
Redondo3. (1) University of Texas at Dallas, Richardson, Texas, United States (2) 
University Of Colorado Denver, Denver, Colorado, United States (3) Los Alamos 
National Laboratory, Los Alamos, New Mexico, United States  

The resistance to flow through colloidal networks is characterized by the permeability. 
The permeability influences many practical applications of colloidal gels, and in 
particular controls the rate of (gravitational) collapse of non-neutrally buoyant networks. 
The permeability is generally accepted to be a power-law function of volume fraction, 
where the power is dependent on the fractal dimension of the network. To probe 
microscopically the influence of gel structure on permeability, we investigate 
permeability in structures generated by diffusion-limited cluster aggregation (DLCA) and 
related simulation techniques. We apply a geometric analysis to determine the local 
pore size associated with every point in the pore network, from which we then extract 
the pore size distribution. The overall network permeability is then computed by 
assigning permeabilities based on the local pore size field and applying Darcy's Law. 
Remarkably, predictions based on the full-field calculations and just based on the mean 
pore size agree extremely well for volume fractions from 0.2% up to 20%, indicating that 
there is no effect of void-space connectivity on flow. This modeling approach is shown 
to agree well with available experimental data at low volume fraction [1]. We then 
consider the effects of modifying the gel structure on pore size distribution and 
permeability. Reaction-limited cluster aggregation (RLCA) generates networks with a 
different power-law dependence of pore size on volume fraction and larger pores at any 
volume fraction. Incorporating some relaxation into the network-formation simulations 
likewise leads to larger pores and higher permeabilities. These findings have significant 
consequences for network stability: networks which can relax through Brownian motion 
will collapse faster than networks which cannot, both because they have lower moduli 
and because buoyancy forces have a greater effect due to their higher permeability. 
Finally, we discuss the relationship of permeability to volume fraction in networks 



composed of non-spherical particles, and consider the application of our numerical tools 
to determining a priori the permeability of network structures measured by 3D 
microscopy. 

[1] S. Manley, J. M. Skotheim, L. Mahadevan, and D. A. Weitz, Gravitational Collapse of 
Colloidal Gels, PRL 94, 218302 (2005). 
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Gravity-driven instabilities in fibrillar colloidal gels containing a second disperse 
phase 

Krassimir Velikov, Krassimir.Velikov@Unilever.com. Unilever R&D Vlaardingen, 
Vlaardingen, Netherlands  

We are investigating these gravity-driven instabilities in fibrilalr colloidal gels containing 
a second disperse phase. We use a model system containing surfactant-stabilized oil-
in-water emulsions mixed with gels of cellulose microfibrils (CMFs) and carboxymethyl 
cellulose (CMC). Optical scanning of the creaming gels along the height provides insight 
in the physical background of the network evolution over time. We find a remarkable 
correlation between the concentration of cellulose microfibrils and creaming behaviour 
such as initial creaming speed and final gel height. We compare this behaviour to the 
theoretical model of gravitational stability of poroelastic gels, which was extended to 
account for particle shape anisotropy and the presence of a second disperse phase. 
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Rate- and pH-dependent rheology of semi-dilute boehmite slurries 

Sidhant Pednekar1,3, sidhant11@hotmail.com, Jeffrey Morris1,3, Jaehun Chun2. (1) 
Chemical Engineering, CCNY, New York, New York, United States (2) Pacific 
Northwest National Laboratory, Richland, Washington, United States (3) Benjamin 
Levich Institute, City College of New York, New York, New York, United States  

Nuclear waste slurries at the Hanford site contain several hydroxide minerals, the 
presence of which is seen to dramatically alter the waste rheology. Among these 
hydroxide minerals, boehmite (g-AlOOH) has been found to mainly influence the waste 
rheology. Boehmite has other applications like in the preparation of catalysts and their 
supports and for water purification. The presence of boehmite particles in Hanford 
waste imparts rheological complexities due to their tendency to aggregate from strong 
attractive potentials, influence of charged surfaces, and broad particle size distribution 
spanning almost two orders of magnitude. The strong cohesive forces lead to yield 
stresses even at modest concentrations and charge effects lead to strong shear 
thinning rheology with pH-dependence. 

In this study we present the experimentally-measured rate-dependent rheology of semi-



dilute boehmite slurries under varying pH. The rheological study is supplemented with 
geometric and crystallographic analysis of boehmite particles and zeta potential 
analysis with varying salt and pH. The boehmite slurry at 15 % solids (by volume) 
shows an initial shear thinning with increasing shear rate followed by intermediate shear 
thickening with a second shear thinning region at higher rate. While such a behavior is 
not frequently encountered in literature, a similar trend in rheology is seen in colloidal 
systems of fractal carbon black particles with attractive potentials [1]. The initial shear 
thinning may be attributed to the break-up of aggregates, with the resulting smaller 
aggregate interactions causing shear thickening at intermediate shear. 

[1] Osuji, C.O., Kim, C. and Weitz, D.A., 2008. Shear thickening and scaling of the 
elastic modulus in a fractal colloidal system with attractive interactions.Physical Review 
E, 77(6), p.060402. 
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Many body interactions in foams and emulsions 

Reinhard Höhler, hohler@insp.upmc.fr. Institut des NanoSciences de Paris, Université 
Pierre et Marie Curie and Université Paris-Est, Paris, France  

The interaction energies of dispersed particles are not always pairwise additive. Many-
body effects where the interaction of two particles is strongly modified in the presence of 
additional neighbors have for instance been evidenced in concentrated colloidal 
suspensions. This raises the question whether many-body behavior also exists in other 
disordered jammed packings of soft particles, like bubbles or droplets dispersed in a 
liquid. The collective dynamics in such jammed soft glassy materials have been 
investigated in many previous numerical simulations using a schematic approach: the 
particles are modelled as frictionless spheres that can interpenetrate; a two-body 
interaction energy is calculated from the overlap distance of these fictive spheres, as if 
each pair of neighbors in contact were connected by a repulsive spring. However, real 
bubbles or droplets in 3D packings cannot overlap. They adjust their shape rather than 
their volume if they are pushed by a neighboring particle, because this costs much less 
energy. 

To determine whether due to bubble volume conservation significant deviations from 
effective two-body interaction behavior exist in foams, we use the surface evolver 
software. It minimizes the interfacial area and energy of simulated bubble packings with 
a fixed set of bubble volumes. We thus determine accurately the equilibrium geometry 
and topology of packing. The analysis of the deformations and forces at the bubble 
contacts shows that in ordered monodisperse packings an effective two body 
description of the interactions is sucessful, as previously reported in the literature. 
However, in polydisperse disordered packings, no well-defined effective two body 
interaction law exists. The forces acting at all of the contacts of a given bubble must be 
known to predict the deformation at one of its contacts. We present an analytical model 
without adjustable parameters which explains and predicts this effect quantitatively for 



packing fractions in the vicinity of the jamming transition. Since the many-body 
character of the interactions that we observe in the case of bubbles is a consequence of 
particle volume conservation, it should be a generic feature of a wide range of soft 
particle packings, including emulsions and soft pastes. We expect it to be usefull for 
future models that quantitatively predict the local structure and nonlinear mechanical 
behavior of such soft glassy materials. 
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Foam dynamics in micromodels 

Sibani L. Biswal, biswal@rice.edu. Chemical and Biomolecular Engineering, Rice 
University, Houston, Texas, United States  

The use of foam transport in porous media is being considered for gas mobility control. 
In fractured porous media, gas tends to channel only through the highly permeability 
regions, bypassing the less permeable porous matrix. Because of the unique transport 
problems presented by the large permeability contrast between fractures and adjacent 
porous media, we aim to understand the mechanism by which foam transitions from the 
fracture to the matrix. My lab has generated micromodels, which are combined with 
high-speed imaging to visualize foam transport in models with permeability contrasts, 
fractures, and multiple phases. We have shown how foam quality can be modulated by 
adjusting the ratio of gas flow ratio to aqueous flow rate in a flow focusing system and 
this foam quality influences sweep efficiency in heterogeneous porous media systems. 
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Domain and rim growth kinetics in stratifying foam films 

Yiran Zhang, yzhang75@uic.edu, Subinuer Yilixiati, Vivek Sharma. Chemical 
Engineering, University of Illinois at Chicago, Chicago, Illinois, United States  

Foam films are freely standing thin liquid films that typically consist of two surfactant-
laden surfaces that are about 5 nm -- 10 micron apart. Sandwiched between these 
interfacial layers is a fluid that drains primarily under the influence of viscous and 
interfacial forces, including disjoining pressure. Interestingly, a layered ordering of 
micelles inside the foam films (thickness \textless 100 nm) leads to a stepwise thinning 
phenomena called stratification, which results in a thickness-dependent variation in 
reflected light intensity, visualized as progressively darker shades of gray. Thinner, 
darker domains spontaneously grow within foam films. During the initial expansion, a 
rim forms near the contact line between the growing thinner domain and the 
surrounding region, which influences the dynamics of domain growth as well as 
stratification Using newly developed interferometry digitial imaging optical microscopy 
(IDIOM) technique, we capture the rim evolution dynamics. Finally, we also develop a 
theoretical model to describe both rim evolution and domain growth dynamics. 
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Foams and dispersions at high salinity and temperature 

Keith P. Johnston, kpj@che.utexas.edu, Ehsan Moaseri, Muhammad Iqbal, Joohyung 
Lee, Chola Dandamudi, Andrew Worthen, Zheng Xue, Shehab Alzobaidi, Amro Elhag, 
Chang Da. Chemical Engineering, The University of Texas at Austin, Austin, Texas, 
United States  

Whereas numerous studies of stabilization of nanoparticles (NPs) in electrolytes have 
examined biological fluids, the interest has grown recently in media with much higher 
ionic strengths including seawater and brines relevant to environmental science and 
subsurface oil and gas reservoirs. Both low molecular weight ligands and 
polyelectrolytes that are well solvated in concentrated brine have been grafted to iron 
oxide and silica particles to provide electrosteric stabilization. Furthermore, the 
stabilized particles interact weakly with silica and undergo low retention during transport 
in various types of porous media at high salinity. In the second part of the talk, a variety 
of strategies will be presented to stabilize carbon dioxide/water bulk foams with 
surfactants and/or nanoparticles, based on a mechanistic understanding of how the 
rheological properties are related to the foam texture and interfacial properties. For 
foams with ultra-low water contents, the large capillary pressure induces rapid drainage 
that destabilizes the aqueous lamellae between the gas bubbles. However, we show 
that the foams can be stabilized with a viscoelastic aqueous phase composed of 
entangled wormlike micelles. 
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The origin of power-law rheology and avalanches in wet foams 

John C. Crocker, jcrocker@seas.upenn.edu, Hyun Joo Hwang, Robert Riggleman. 
Chemical and Biomolecular Engineering, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

This talk will discuss the physical origin of the unusual rheological properties of many 
non-equilibrium complex fluids, collectively termed soft-glassy materials (SGMs) which 
include such diverse examples as soap foams, mayonnaise, toothpaste and living cells. 
When activated by internal energy sources, SGMs display dynamic shear moduli that 
have an unusual power-law frequency dependence, super-diffusive particle motion, and 
large cooperative particle rearrangements, or avalanches, whose physical origins are 
not understood. We hypothesized that these SGM phenomena may emerge simply from 
properties of their high-dimensional energy landscape function. To this end, we study a 
minimal computational SGM model whose behavior was determined solely by energy 
minimization: essentially steepest descent on an energy landscape spanning the 
configuration space. The model is essentially a wet soap foam consisting of 
compressible spherical bubbles, whose sizes slowly evolve due to ripening. 
Surprisingly, we find that the steepest-descent configuration space path is a self-similar 



fractal curve, resembling a river cascading down a tortuous mountain canyon. The 
unusual SGM rheology in our model stems directly from these paths' fractal dimension. 
The avalanche behavior is due to a first return time process for the dynamics of the 
energy gradient along the configuration path. Our results suggest that ubiquitous soft 
glassy rheology may be a consequence of emergent fractal geometry in the energy 
landscapes of many complex fluids. 
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Microbubble size effects on sonoporation 

Mark A. Borden1, mark.borden@colorado.edu, Kang-Ho Song1, Alexander Fan1, 
Michael Calvisi2, John Brlansky2. (1) Mechanical Engineering, University of Colorado, 
Boulder, Colorado, United States (2) Mechanical Engineering, University of Colorado, 
Colorado Springs, Colorado, United States  

Microbubbles interact with ultrasound to induce transient microscopic pores in the 
cellular plasma membrane in a highly localized thermo-mechanical process called 
sonoporation. Prior research focusing mainly on the effects of acoustic forcing with 
polydisperse microbubbles has identified a “soft limit” of sonoporation efficiency at 50% 
when including dead and lysed cells. We show here that this limit can be exceeded with 
monodisperse microbubbles driven by a physiotherapy device (1.0 MHz, 2.0 W/cm2, 
10% duty cycle). We first examined the effects of microbubble size and found that 
small-diameter microbubbles (2 µm) deliver more instantaneous power than larger 
microbubbles (4 & 6 µm). However, owing to rapid fragmentation and a short half-life, 
they also deliver less energy over the total sonoporation time. This translates to a higher 
ratio of FITC-dextran uptake to cell death/lysis in suspended HeLa cells after a single 



sonoporation. Sequential sonoporations (up to four) were consequently employed to 
increase molecular delivery. Peak uptake was found to be 66.1 ± 1.2% (n=3) after two 
sonoporations when properly accounting for cell lysis and death, thus overcoming the 
previously reported soft limit. Substitution of TRITC-dextran on the second sonoporation 
confirmed the effects were multiplicative. Overall, this study demonstrates the possibility 
of utilizing monodisperse small-diameter microbubbles as a means to achieve multiple 
low-energy sonoporation bursts for efficient in vitro drug uptake and sequential drug 
delivery. 
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Stabilizing aqueous foams in presence of crude oil: The critical role of 
nanoparticles 

Sharath Chandra Mahavadi1, sharath.mahavadi@gmail.com, Yunji Jiang2, 
yunji@ualberta.ca, Simon I. Andersen1, SAndersen@slb.com. (1) Reservoir 
Geosciences, Schlumberger, Cambridge, Massachusetts, United States (2) University 
of Alberta, Edmonton, Alberta, Canada  

Foams are dispersions of gas in a liquid phase that is found in daily life such as in 
shampoos, detergents, and beverages. In the oil and gas industry, the gas mobility-
reducing properties of foam are exploited for use in Enhanced Oil Recovery (EOR) and 
gas blocking. In the first two stages of oil recovery, only 15-40% of the oil originally in 
place may be recovered. EOR methods can significantly improve recovery and can be 
implemented at any stage of production. A concern with EOR methods involving drive 
fluids with low density and viscosity such as CO2 flooding, alternating gas injection and 
steam flooding is that they may bypass recoverable oil due to viscous fingering and 



gravity override. To overcome these problems, aqueous foams are used to control gas 
mobility thereby improving sweep efficiency. Additionally, foams can be used as gas 
blocking agents to resolve problems such as gas coning and reduce the gas-to-oil ratio 
in production wells. Foams can also be problematic in processes such as 
depressurization in oil-gas separators. 

Because foam is a metastable state, it must be designed to persist at unfavorable 
reservoir conditions which may include high-temperature, pressure, and salinity. It must 
also be stable in competition with natural surfactants. Overcoming the destabilizing 
effects of oil is imperative to the successful design of foams. However, none of the 
current reservoir simulators are capable of accurately capturing the contributions of the 
natural surfactants on foam stability. Therefore it is important to understand the nature 
of the natural surfactants and their role and actual surface activity in destabilizing the 
foams as a function of not only temperature, pressure of the reservoir and their 
concentration in the crude oil but also their partitioning efficiency into aqueous phase. 

Current study established the participation of the natural surfactants in foam film 
formation and its deteriorating effect on foam stability. This study also demonstrated 
how silica nanoparticles can counteract foam destabilization caused by natural 
surfactants in crude oil. Surface analysis of the silica nanoparticles obtained from foam 
films indicated how natural surfactants were effectively engaged by the nanoparticles 
during foaming process thus reducing their ability to participate in the foaming directly. 
This study provided insight on the main forces of foam destabilization and the 
mechanisms of how nanoparticles affect these forces. 
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Exploration of additives for improvement of bitumen froth 
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In commercial surface-mined oil sands extraction processes, highly stable water-in-
diluted bitumen emulsions are formed during hot water extraction of the bitumen from 
the sand. These emulsions are troublesome for bitumen transport and upgrading. 
Breaking the emulsions poses a significant technical challenge because the water 
droplets are stabilized by a variety of intriguing interfacial phenomena. For example, 
interfacially active asphaltenes and resins native to bitumen are known to form rigid 
films on the surfaces of water droplets that present a steric barrier to coalescence.1-3 
Additionally, insoluble asphaltene fractions, clays, fine particles, and minerals can 
partition to the interfacial films, leading to a “Pickering-like” stabilization. This 
presentation will describe research focused on breaking water-in-diluted bitumen 
emulsions in an effort to improve the diluted bitumen quality. Our approach is 
multipronged, and includes use of a variety of tools including microfluidic techniques to 
elucidate mechanisms of stabilization of the droplets by species in bitumen and the 
chemically induced destabilization of those droplets, use of semi-automated, high 
throughput techniques for rapid synthesis and screening of chemical additives, and 
development of structure—property relationships for optimal additive design. The 
presentation will detail our efforts, focusing on the interfacial phenomena that govern 
both emulsion stability and demulsification. 
 
1. X. Yang, V. J. Verruto and P. K. Kilpatrick, "Dynamic Asphaltene-Resin Exchange at 
the Oil/Water Interface: Time-Dependent W/O Emulsion Stability for Asphaltene/Resin 
Model Oils," Energy & fuels, 3(21), (2007), 1343-1349. 
2. S. Gao, K. Moran, Z. Xu and J. Masliyah, "Role of Bitumen Components in Stabilizing 
Water-in-Diluted Oil Emulsions," Energy & Fuels, 5(23), (2009), 2606-2612. 
3. F. Yang, P. Tchoukov, E. Pensini, T. Dabros, J. Czarnecki, J. Masliyah and Z. Xu, 
"Asphaltene Subfractions Responsible for Stabilizing Water-in-Crude Oil Emulsions. 
Part 1: Interfacial Behaviors," Energy & Fuels, 11(28), (2014), 6897-6904 
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Effect of added co-surfactants on the stability of Pickering emulsions stabilized 
with oppositely-charged particle-surfactant mixtures 

Hari Katepalli, harik.iitk@gmail.com, T. Alan Hatton, Daniel Blankschtein. Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States  

Understanding the properties of charged colloidal particles in mixtures of oppositely-
charged surfactants with added co-surfactants is of great commercial interest. The 
general aspects of the association between the oppositely-charged particles and the 
surfactant molecules can be qualitatively predicted on the basis of the particle surface 
chemistry and the ionic nature of the surfactant molecules, and these mixtures can be 
used to effectively form particle-stabilized emulsions. However, the complexation 
between oppositely-charged particles and surfactants can be considerably modified by 
adding co-surfactants. Here, we investigate the effect of different co-surfactants like 
sodium dodecyl sulfate (SDS) and Triton X-100 on the stability of oil-in-water emulsions 



stabilized with mixtures of negatively-charged silica particles and the cationic surfactant 
dodecyl trimethyl ammonium bromide (DTAB). The observed changes in emulsion 
stability are attributed to the different interactions between particles, surfactants, and 
surfactant/co-surfactant combinations. Visual inspection and microscopic 
measurements were used to determine the stability of the emulsions in the presence of 
the added co-surfactants. Particle size and zeta potential measurements were carried 
out to understand the stability of silica particles + DTAB mixtures in the presence of two 
co-surfactants. The depletion of co-surfactant from the bulk was measured by 
monitoring the surface tension of the particle supernatant in the presence of added co-
surfactant. These results were then used to qualitatively explain the stability of 
emulsions generated using the surfactant-particle mixtures and added co-surfactants 
considered above. 
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The secret life of Pickering emulsions: Revealed using two colours of particle 

David French1, David.French@ed.ac.uk, Aidan Brown1, Andrew Schofield1, Jeff 
Fowler2, Phil Taylor3, Paul Clegg1. (1) School of Physics, University of Edinburgh, 
Edinburgh, United Kingdom (2) Syngenta Inc., Greensboro, North Carolina, United 
States (3) Syngenta Crop Sciences, Jealott's Hill International Research Centre, United 
Kingdom  

Colloidal particles can be used to stabilise emulsion droplets. Such emulsions, known 
as Pickering emulsions, can be highly stable, so it is unsurprising that they are 
beginning to be exploited industrially. The individual colloidal particles have interfacial 
attachment energies that are vastly larger than the thermal energy, hence they are 
usually thought of as being irreversibly adsorbed. Here we show, for the first time, 
particles being exchanged between droplets in a Pickering emulsion. This occurs when 
the emulsion contains droplets which share particles, often called bridging [1]. 
 
We have used two differently labelled batches of fluorescent Stöber silica particles to 
study this exciting phenomenon in oil-in-water emulsions, using a mixture of dodecane 
and isopropyl myristate as the oil phase. By starting with two emulsions showing 
bridging, each stabilised by a different colour of particle, the dynamics can be studied as 
they are gently mixed together on a roller bank. We use confocal microscopy to observe 
the two colours of particle separately, and to quantitatively study the rate at which 
particles are transferred between droplets. We find that particle exchange occurs mainly 
during a period of unbridging and rebridging whose duration can be tuned by varying 
the particle wettability. 

 



 
 
Confocal micrographs show that clusters of droplets become more mixed as the sample is rolled. 
Simultaneously, the individual droplets become more heterogeneous. The rolling times are given 
under each image and the scale bars are (a-b) 100 μm and (c-d) 50 μm. 
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Role of phase change in the rheological characterization and shear stability 
analysis of silica-stabilized paraffin wax-in-water Pickering emulsions 

Purba Chatterjee, purbachatt@gmail.com, Patrick Underhill. Chemical and Biological 
Engineering, Rensselaer Polytechnic Institute (RPI), Troy, New York, United States  

Colloidal particles in fluids and fluid interfaces give rise to a number of interesting 
phenomena which include the formation of particle-stabilized emulsions called 
“Pickering" emulsions. These are widely found in nature and industry: food, 
pharmaceuticals, oil industry etc. While the most common type of Pickering emulsion 
studied has a Newtonian dispersed phase, our interest is in emulsions with a dispersed 
phase that can be non-Newtonian such as one that can be subjected to a phase change 
under certain experimental conditions. The aim of the present work is to gain a better 
understanding of the impact that changing the physical state of dispersed phase will 
have on the shear stability and bulk visco-elastic properties of emulsions (oil-in-water). 
Model silica-stabilized, paraffin wax-in-water emulsions were synthesized and the wax 
was subjected to a phase change by changing the temperature. At lower temperatures, 
the deformability of the droplets and mobility of particles at the interface are significantly 
restricted while at higher temperatures, the wax phase expands, is non-crystalline, 
making the emulsion droplets highly deformable. These directly affect the bulk emulsion 
rheology. Flow curves and oscillatory shear experiments indicate that the emulsion 
droplets are flocculated and the emulsions behave as elastic solids. These properties 
are directly influenced by temperature, which alter the state of aggregation and network 
formation of the emulsion droplets. Further, we show that the emulsions are sensitive to 
destabilization (gelation) under flow with the sensitivity dependent on temperature and 
magnitude of shear rate. 
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Stabilization of pH-switchable Pickering emulsion by protein nanocage 



Mridul M. Sarker2, mridul002@e.ntu.edu.sg, Sierin Lim1. (1) SCBE Bioengineering, 
Nanyang Technological University, Nanyang, Singapore (2) School of chemical and 
Biomedical University, Nanyang Technological University, Singapore, Singapore  

E2 Protein from pyruvate dehydrogenase multienzyme complex of Geobacillus 
stearothermophilus have capability to self-assemble into a hollow dodecahedral cage of 
a unique size about 25 nm. This cage is extremely thermostable and porous with 12 
opening of 5nm each. The existence of both hydrophilic and hydrophobic patches on 
the surface of E2 protein nanocage permits it to act like a surface active 
bionanoparticle. Therefore E2 protein nanocage can be used as a potential stabilizer of 
bio-inspired emulsion and gel system. In our present study, we are investigating the 
emulsion and gel stabilization efficiency of E2 nanocage. Our preliminary data revealed 
the aggregation of E2 protein nanocage at liquid-liquid interface. Structural changes of 
E2 protein cage during adsorption is also observed by measuring the helicity of 
structure using circular dicroism spectroscopy. An oil-in-water Pickering emulsion has 
been formulated by ultrasonication which is stabilized by E2 Protein nanocage. 
Formulated Pickering emulsion is also showing pH-switchability. As the protein cage is 
capable of loading drug or active foreign molecules inside the cavity as a cargo, this 
study can be very functional in designing emulsion- and gel-based pharmaceutical 
products for topical application, skin care products and food products. 
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Ultrastable food-grade Pickering and network-stabilized emulsions using 
chitosan-modified silica nanoparticles 

Lauriane Alison1, lauriane.alison@mat.ethz.ch, Elena Tervoort1, Patrick Rühs1, 
Michele Zanini2, Lucio Isa2, André R. Studart1. (1) Materials, ETH Zürich, Complex 
Materials, Zürich, Switzerland (2) Materials, ETH Zürich, Interfaces, Soft Matter and 
Assembly, Zürich, Switzerland  

The production of surfactant-free emulsions is beneficial in food industry. The 
development of emulsions stabilized solely by edible particles is an attractive approach 
to prevent destabilization processes, which have a negative influence on the quality of 
the products. 
In this work, a novel method is described to fabricate edible oil-in-water emulsions with 
a droplet size of a few microns and which are stable for a few months. The droplets in 
the emulsion are stabilized by food-grade silica nanoparticles whose surfaces are non-
covalently modified with chitosan. In situ surface modification through the adsorption of 
chitosan increases the particle hydrophobicity, favoring their adsorption at the oil-water 
interface. Careful adjustment of the chitosan amount is the key factor to control the 
stability of the emulsion. The stability of the droplets is mainly attributed to the formation 
of a chitosan-nanoparticles network around the oil droplets. The mechanisms of the 
stabilization will be discussed and correlated with the rheology of the suspensions and 
emulsions. 



CSSS 106 

Bespoke contrast-matched diblock copolymer nanoparticles enable the rational 
design of highly transparent Pickering double emulsions 

Matthew j. Rymaruk3, matthew.rymaruk@gmail.com, Kate L. Thompson2, Matthew 
Derry2, Nicholas Warren3, Liam P. Ratcliffe3, Clive N. Williams4, Steven L. Brown4, 
Steven P. Armes1. (1) Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (2) 
University of Sheffield, Sheffield, United Kingdom (3) Chemistry, University of Sheffield, 
Sheffield, South Yorkshire, United Kingdom (4) Scott Bader, Wollaston, 
Northamptonshire, United Kingdom  

We describe the preparation of transparent oil-in-water Pickering emulsions using 
contrast-matched organic nanoparticles. This is achieved via addition of either sucrose 
or glycerol to an aqueous dispersion of diblock copolymer nanoparticles prior to 
homogenization with an equal volume of oil. The resulting Pickering emulsions comprise 
polydisperse oil droplets of 20-100 µm diameter and exhibit up to 96 % transmittance 
across the visible spectrum. In contrast, control experiments using non-contrast-
matched copolymer nanoparticles as a Pickering emulsifier only produced conventional 
turbid emulsions. Therefore, for the preparation of highly transparent Pickering 
emulsions it is essential to use isorefractive nanoparticles in order to minimize light 
scattering. Finally, contrast-matched hydrophobic diblock copolymer nanoparticles are 
prepared and, when employed in combination with the hyrophilic nanoparticles, 
transparent oil-in-water-in-oil Pickering double emulsions can be obtained. 

CSSS 107 

Materials from aqueous and non-aqueous Pickering emulsion and foam systems 

Amro K. Dyab, amr.diab@mu.edu.eg, Lamiaa A. Mohamed. Chemistry, Minia 
University, Minia, Egypt  

We developed and demonstrated an approach for fabrication of various materials, 
including simple, double and triple emulsions, foams, liquid marbles and porous 
structures, based on non-aqueous systems stabilised solely by dichlorodimethylsilane 
(DCDMS)-modified amorphous silica nanoparticles of well controlled surface 
hydrophobicities or organo-modified Laponite clay nanoparticles. The prevailing vision 
has been that non-aqueous emulsions and their templates can be stabilised mainly by 
monomeric surfactants or block copolymers. Unlike all the studies, we have successfully 
prepared novel polymerisable simple (o/o) and double (o/o/o) nonaqueous emulsions 
stabilised solely by solid nanoparticles, which upon polymerisation resulted in novel 
polyHIPNAE (polymerised high-internal-phase nonaqueous emulsion) or PolyMIPNADE 
(polymerised medium-internal-phase nonaqueous double emulsion), respectively. 
Moreover, Porous materials based on aqueous HIPEs stabilised solely by hydrophobic 
silica nanoparticles or organo-modified Laponite clay nanoparticles have been 
prepared. Selected porous structures have been functionalised by inclusion of either 



natural sporopollenin microcapsules (derived from Lycopodium clavatum or Date Palm 
spores Phoenix dactylifera L) or zinc metal particles. In addition, a novel hierarchical 
porous structure based on polymerisation of a triple Pickering water-in-oil-in-water-in-oil 
(w/o/w/o) emulsion of different morphologies was reported for the first time. We believe 
that the various types of materials described here can open up several intriguing 
avenues of research and applications. Although we present a proof of concept, this 
approach could be applied using different types of oils, liquid crystals or ionic liquid 
phases and other solid oxide or metal nanoparticles. 
 
References: 
Amro K.F. Dyab, Micro-Structured Material and Method for the Preparation Thereof, 
European Patent, EP2769995 B1, Feb. 2016. 
Amro K. F. Dyab and Hafiz N. Al-Haque, RSC Adv., 2013, 3, 13101-13105. 
Amro K.F. Dyab, Macromol. Chem. Phys. 2012, 213, 1815-1832. 
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Microstructural effects on the rheology of solid-stabilized emulsions 

Max Kaganyuk, Ali Mohraz, mohraz@uci.edu. Chemical Engineering and Materials 
Science, University of California, Irvine, Irvine, California, United States  

Pickering-Ramsden emulsions rely on solid particles to stabilize fluid-fluid interfaces and 
are commonly found in many applications including pharmaceuticals, petroleum refining 
and various consumer products. Significant to many current and emerging technological 
applications of Pickering-Ramsden emulsions are their resulting microstructures and 
rheological behavior, which can influence processing, functionality, and stability of end-
use products. Depending on the processing and physicochemical conditions, these 
multiphase mixtures can exhibit rich rheological behavior including liquid-like 



viscoelasticity, creep deformation, gelation, and yielding. The purpose of this study is to 
investigate the microstructural mechanisms that lead to gelation in solid-stabilized 
emulsions, and how the emergent morphology governs the mechanical behavior of the 
resultant mixture. We utilize two fluid systems to create four emulsion gels with differing 
internal microstructures. These include bicontinuous fluid domains separated by a 
jammed colloidal monolayer (bijels); tenuous, percolating droplet networks bridged 
together by colloidal particles (Pickering emulsion gels); regular, concentrated 
Pickering-Ramsden emulsions; and tightly packed arrangements of faceted solid-
stabilized droplets (biliquid foams). The microstructures and mechanical properties of 
the mixtures are characterized in detail by 3D confocal imaging and oscillatory rheology, 
and the correlations between the two are investigated. We observe nontrivial 
dependence of the zero-shear elastic modulus and yield stress on colloid volume 
fraction in these systems, which will be discussed in the context of their microstructure. 
In fact, access to these four classes of solid-stabilized emulsions with markedly different 
morphologies suitably positions us to investigate these questions in a systematic 
fashion. Our findings have important implications for a wide range of different industries 
that utilize mixtures of fine particles and immiscible fluids to create new food 
formulations, cosmetic products, and composite materials. 
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Novel propulsion of active colloids by self-induced field gradients with potential 
for cargo transport 

Alicia M. Boymelgreen1, aliciab@technion.ac.il, Tov Balli1, Gilad Yossifon1, Touvia 
Miloh2. (1) Technion - Israel Institute of Technology, Zichron Yakov, Israel (2) Tel Aviv 
University, Tel Aviv, Israel  

We demonstrate theoretically and experimentally that localized electric field gradients 
induced by the dual symmetry-breaking of an asymmetric particle adjacent to a wall can 
drive particle motion, even in a uniform field. Since the driving gradient is induced by the 
particle itself, its motion is autonomous and we have thus termed this propulsion 
mechanism “self-dielectrophoresis”, to distinguish from traditional dielectrophoresis 
where the driving non-uniform field is externally fixed and particle direction is restricted. 
At the same time, it is shown that self-dielectrophoretically driven particles are natural 
cargo carriers, since the localized gradients can also trap and release targets on 
demand–with direct applications to separation, purification and targeted delivery in lab-
on-a-chip devices. This phenomenon is specifically characterized for Gold-Polystyrene 
Janus spheres, including the establishment of a non-dimensional parameter marking 
the critical frequency at which self-dielectrophoresis dominates low-frequency induced-
charge electrophoresis – evidenced by a reversal in particle direction. Additionally, we 
demonstrate that the localized gradients can transform the translating Janus particles 
into an externally controlled, mobile floating electrode with the ability to collect, transport 
and release a target sample a target 1/50 of its size. It is also shown that calculated 
control of the frequency enables selective sorting and transport – if the driving 
frequency is aligned with the positive-DEP (pDEP) response of a specific “target” and 



negative-DEP (nDEP) of any other contaminants, only the former will be transported 
with the Janus sphere. 

 
 

 
 
Selective trapping of 1um (red) and 300nm (yellow) polystyrene particles at surface of 15um JP 
(fluorescent green (Ps hemisphere) and grey (Au hemisphere). a) At 100kHz, both particles 
experience pDEP and are trapped at surface of JP. b) At 750kHz the 1um experience nDEP and 
are ejected while the 300nm remain attached. c)At 2MHz, 300nm particles experience nDEP and 
are ejected from the surface 
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Droplet locomotion over oil immersed superhydrophobic surfaces 

Archit Dani, archit_09@yahoo.co.uk, Cho Rok Christiana Oh, Christiana Glorius, 
Charles Maldarelli, cmaldarelli@ccny.cuny.edu. Grove Sch Eng 1M-3 Levich Inst, City 
College of New York, New York, New York, United States  

Microfluidic devices provide a technology for engineering nano- and picoliter volumes of 
aqueous droplets of reagents and samples in an oil continuous phase on a chip and 
then maneuvering, merging and dividing them to undertake chemical diagnostic 
analyses in dropet microfludics. The droplet microfluidic platform offers the abiity to 
encapsuate samples into droplet "packets'' to prevent cross contamination. Additionally, 
this format has high surface area to volume ratios, shorter diffusion times and lower 
reaction volumes thereby enabling precise control over reactions as an alternative to 
conventional analytical techniques. Apart from these new applications, droplet 
microfluidic devices present new opportunities to conduct detailed studies of interfacial 
phenomena such as accurate measurement of slip lengths and ultralow values of 
interfacial tension which might otherwise be challenging. Devices in droplet microfluidic 
arrangements are typically fabricated from glass or polydimethylsiloxane (PDMS) and 
water droplets immersed in oil drag over these surfaces. This has distinct 
disadvantages because such surfaces cause droplets can stick onto the surface. 
Sticking interferes with the trafficking of droplets, and can cause droplet breakup leading 



to cross contamination of samples. This study is a first of its kind detailed experimental 
and theoretical investigation of manipulating droplet pairs resting on enclosed oil 
immersed superhydrophobic microfluidic systems. 
The first part of the project encompasses designing a protocol to make a robust 
superhydrophobic substrate by dipcoating glass in a nanoparticle-polymer composite 
formulation. The superhydrophobic substrates are subsequently incorporated into the 
microfluidic devices (flow focusing geometry) as the bottom wall and flooded with a 
water in oil emulsion. Dielectrophoretic force induced trajectories of water droplet pairs 
is recorded and predicted by a force balance which involves setting the actuating di-
electrophoretic force to the viscous hydrodynamic drag. Comparison with control 
experiments (microfluidic device with a plain glass bottom) demonstrates the superior 
mobility of water drops on superhydrophobic surfaces. Finite element simulations were 
undertaken in the context of computing the hydrodynamic drag and the di-
electrophoretic forces. The measured values of drag and slip length agree with the 
corresponding calculated values from the Finite Element Simulations for the same 
parameters. 

CSSS 111 

Visualizing stress by watching particles dance: Directly measuring particle-level 
stresses in colloidal materials 

Neil Lin1, yl834@cornell.edu, Matthew Bierbaum1, Peter Schall2, James Sethna1, Itai 
Cohen1. (1) Physics, Cornell University, Ithaca, New York, United States (2) Physics, 
University of Amsterdam, Amsterdam, Netherlands  

The bulk-scale mechanical behaviors of crystalline and disordered materials are all 
governed by their microscopic-scale stress fields. However, these stresses are often 
highly heterogeneous and nonlinear. Since conventional bulk stress measurements 
average over the spatially heterogeneous distributions, it is difficult to determine how 
microscopic mechanisms collude to determine the bulk behavior. Here, by exploiting 
confocal microscopy, we use Stress Assessment from Local Structural Anisotropy 
(SALSA) to measure the stress distribution of a colloidal supension down to the single 
particle-scale. In Brownian hard-sphere systems, the force with which particles collide 
can be related to the thermal energy. Using a time series of featured particle positions, 
we determine the thermal collision probability, and directly report the stress arising from 
these collisions. In this talk, I will describe two examples of how SALSA is able to solve 
major scientific questions in both ordered and disordered systems. For the ordered 
system, we measure the stresses surrounding crystalline defects and compare the 
results with continuum theory. For disordered systems, we extend the SALSA method to 
investigate the stress architecture embedded in glassy suspensions. Overall, we show 
that these direct stress measurements accurately capture the nonlinear response that 
dominates the defect interactions in crystals and shear localization in glasses. 

CSSS 112 



Stokes trap for multiplexed particle manipulation and assembly using fluidics 

Anish Shenoy1, ashenoy3@Illinois.edu, Christopher V. Rao2, Charles M. Schroeder2,3. 
(1) Department of Mechanical Science and Engineering, University of Illinois at Urbana-
Champaign, Urbana, Illinois, United States (2) Department of Chemical and 
Biomolecular Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois, 
United States (3) Center for Biophysics and Computational Biology, University of Illinois 
at Urbana-Champaign, Urbana, Illinois, United States  

The ability to trap and control single particles in free solution has led to major advances 
in science and engineering. In this talk, we report the development of the Stokes Trap, 
which is a multiplexed microfluidic method for controlling an arbitrary number of colloidal 
particles in solution. Our work involves the design and implementation of “smart” flow 
devices by coupling feedback control with microfluidics, thereby enabling new routes for 
the fluidic-directed assembly of particles. Here, we discuss the development of a new 
method to achieve multiplexed microfluidic trapping of an arbitrary number of particles 
using the sole action of fluid flow. In particular, we use a Hele-Shaw microfluidic cell to 
generate hydrodynamic forces on particles in a viscous-dominated flow defined by the 
microdevice geometry and imposed peripheral flow rates. We employ a model-
predictive controller for the non-linear system and solve a constrained optimal control 
problem in real-time. This platform allows for a high degree of flow control over 
individual particles and can be used for fluidic-directed assembly by bringing two 
particles together in time and space. From a broad perspective, our work provides a 
robust framework for studying fundamental interactions between colloidal particles or for 
guiding the directed assembly of materials. 
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Colloidal microfluidics 

Patrick Tabeling1,2, cecile.assailly@espci.fr. (1) Institut Pierre Gilles de Gennes, 
PARIS, France (2) MMN Laboratory, ESPCI, Paris, France  

Droplet-based microfluidics operates with liquids encapsulated and conveyed in 
droplets, as opposed to single phase microfluidics, where fluids are confined and 
transported directly in microchannels. The development of the droplet based 
microfluidics has been fostered by a series of contributions, made in the years 2000-
2003,This early period was followed by a boost of biotechnological applications. Droplet 
based microfluidics is to-day an important branch of microfluidics. Here I will focus on 
droplets of colloidal sizes, i.e around one micrometer in diameter. I will show how to 
produce simple and multiple droplets of that size in microfluidic devices, how to 
assemble them and form basic bricks for future material applications, how to use them 
for delivering drugs in vivo, and how to manipulate them on chip. 
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Very large scale integrated droplet generation (DVLSI): Monolithic incorporation 
of 10K microfluidic droplet generators 

Sagar Yadavali2, yadavali@seas.upenn.edu, Heon Ho Jeong4, Daeyeon Lee1, David 
Issadore2,3. (1) University of Penn, Philadelphia, Pennsylvania, United States (2) 
Department of Bioengineering, University of Pennsylvania, Philaldelphia, Pennsylvania, 
United States (3) Electrical and Systems Engineering, University of Pennsylvania, 
Philaldelphia, Pennsylvania, United States (4) Department of Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philaldelphia, Pennsylvania, 
United States  

Microfluidic chips enable the generation of droplets and microparticles with precise 
control over size, shape, and composition not possible using conventional methods. 
Over the last decade, many microfluidic designs have been created to generate 
‘designer’ micro- and nano- formulations for a wide variety of applications, including 
droplets for digital biological assays, functional microparticles for the pharmaceutical 
industry, and highly engineered food and cosmetic products. Despite these advances, 
the inherently low throughput of microfluidics (<10 mL/hr) remains a key challenge to 
translating the many promising laboratory-scale results to commercial-scale 
manufacturing, which requires >1,000x scale up in production rate (> 10 L /hr). One 
promising direction to scale-up has been the development of architectures to operate 
many microfluidic droplet generators in parallel. By incorporating a second layer of 
microfluidic channels to supply fluids to each generator, analogous to the metal-layers 
in inintegrated circuits that connect transistors, we have developed a new approach: 
Very Large Scale Integrated Droplet generation (dVLSI), in which large arrays of droplet 
generators are operated using only a single set of inlets and outlets[1,2]. 
 
In this talk we present two new dVLSI designs.The first chip is fabricated using low-cost 
PDMS-based soft lithography, and increases the throughput >10,000x compared to 
conventional microfluidics. We implemented this dVLSI design in PDMS using a novel 
3D fabrication process. This chip incorporates 10k flow focusing droplet makers 
arranged in a ladder geometry. The 10k generators, as well as the delivery channels 
which deliver the continuous phase, the droplet phase, and carry away the output, are 
integrated into a single 4” diameter, lithographically defined chip. This dVLSI chip can 
generate >109 droplets / second, with a coefficient of variation CV < 5%, and a 
throughput of >10 L/hr.  
 
The second dVLSI chip implements the same architecture, but in silicon and glass. This 
Si dVLSI device is fabricated using conventional photolithography and deep reactive ion 
etch (DRIE). Due to its silicon and glass construction, it can operate at high pressures 
(P>1000 psi), high temperatures (T>200 C), and is compatible with a broad range of 
organic solvents, and thus greatly expands the library of micro- and nano-materials that 
can be generated. Moreover, it is robust for stable, continuous operation for industrial-
scale production. 
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Dynamics of droplet trapping and squeezing in a microfluidic constriction 

Mehdi Nekouei, mehdi.nekouei@ttu.edu, Siva A. Vanapalli. Chemical Engineering, 
Texas Tech University, Lubbock, Texas, United States  

Understanding the underlying physics of transport of drops through constricted 
microchannels is important for a variety of applications ranging from enhanced oil 
recovery to cell transport in blood capillaries. Upon reaching to the microfluidic 
constriction drop could be either trapped or squeezed. The dynamics of the trapped and 
squeezed states are expected to depend on capillary number, drop size, viscosity ratio 
and the conduit cross-section. However, comprehensive investigations of the dynamics 
of transport of a confined drop in constricted capillaries are lacking. 
In this work, we studied trapping and squeezing of confined drops through a microfluidic 
constriction. We performed numerical simulation using volume of fluid method and 
conduct experiments to validate the key results of the simulations. Three different 
geometries with different degree of droplet confinement were examined. In order to 
understand the physics behind these processes, a wide range of capillary number, 
viscosity ratio and drop size were investigated. 
Since the droplet blocks the microfluidic channel when it reaches to the constriction, we 
find the upstream pressure increases. Based on the magnitude of the rise in pressure at 
upstream three regimes of behavior are observed - trapping, slow and fast squeezing - 
depending on the capillary number. Counter-intuitively we observe that high-viscosity 
drops even though less deformable than low-viscosity drops squeeze through at a lower 
capillary number. As the droplet gets more confined in the microchannel this effect 
becomes stronger. We analyze the stress distribution and kinematics both within the 
drop, the lubricating films and the gutters to explain this counter-intuitive observation. 
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Towards cracking chirality's code: Breaking symmetry with microfluidics 

Laura L. Adams2, adamslaura.adams@gmail.com, Sam Ocko3, David Weitz1. (1) Dept 
of Physics Pierce Hall, Harvard Univ, Cambridge, Massachusetts, United States (2) 
Physics and SEAS, Harvard University, Cambridge, Massachusetts, United States (3) 
Physics, Stanford University, Stanford, California, United States  

A robust route for the biased production of single handed chiral structures has been 
found in generating non-spherical multi-component double emulsions with glass 
microfluidic devices. The chirality is determined by the packing geometry of four 
different sized inner drops inside an ultrathin sheath of oil. Before the chiral structures 
are formed, the four inner drops re-arrange in two dimensions into either a 
checkerboard or stripe pattern. We derive an analytical model which predicts which 
pattern is more likely and which pattern assembles in the least amount of time. 
Moreover, our model accurately predicts our experimental results and is based on local 
bending dynamics rather than global surface energy minimization. In summary, these 
configurations show that channeling aqueous fluids through narrow orifices and 



encapsulating these fluids as drops inside an ultrathin layer of oil is sufficient to produce 
chiral structures that break left-right symmetry. 
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Characterizing continuous solvent removal of colloidal droplets in microfluidic 
droplet arrays 

Blake J. Bleier3, bbleier@andrew.cmu.edu, Shelley L. Anna2, Lynn Walker1. (1) 
Carnegie Mellon Univ, Pittsburgh, Pennsylvania, United States (2) Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (3) Chemical Engineering, Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States  

Nanoliter droplets formed using microfluidic techniques have proven useful as 
components in tunable emulsions and as uniform microreactors. When observed for 
extended periods, there is significant transport between the droplet phases and the 
continuous fluid and material of the microfluidic device. The rate of transport out of the 
droplets is controlled through materials choice and experimental conditions, providing a 
platform to study a large number of droplets (samples) going through a controlled 
concentration. We have characterized the rates of solvent removal and are developing 
models to predict the transport of solvent through the continuous phase fluid and 
device. We use this solvent removal to concentrate particle suspensions and apply 
particle tracking techniques and visual observation to detect mechanical and phase 
transitions. The advantage of this approach is the potential to characterize drying of 
colloidal suspensions without the complexity of three phase contact lines and solid-
liquid interfaces. Proof of principle analysis and characterization of a number of systems 
will be presented. 
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Single emulsion-templated fabrication of amphiphilic Janus particles for 
stabilizing mini-emulsions 

Liheng Cai, liheng.cai@gmail.com, Dong Chen, David Weitz. SEAS, Harvard 
University, Cambridge, Massachusetts, United States  

Emulsions tend to coalesce due to the degradation of stabilizing surfactant molecules. 
In contrast, emulsions stabilized by colloidal particles are much more stable. Here we 
report an approach to fabricate micrometer-scale amphiphilic Janus particles using 
single water-in-oil (w/o) emulsions as templates. We use a solution that contains 
alginate, shellac and suspended CaCO3 nanoparticles as aqueous phase, and generate 
monodisperse single w/o emulsions using microfluidics. We precipitate the shellac by 
exposing a single emulsion to acid, which simultaneously releases calcium ions to 
crosslink alginate; this process enables the formation of a snowman-like amphiphilic 
Janus particle, where the alginate hydrogel is intrinsically hydrophilic and the shellac is 
intrinsically hydrophobic. We demonstrate that these amphiphilic Janus particles can 



stabilize min-emulsions that would not be possible by using surfactant molecules. 
Moreover, the size and ratio between the hydrophobic and hydrophilic parts of the 
Janus particle can be tuned to enable controllable mini-emulsions. Finally, we 
demonstrate the scale-up production of such Janus particles using step-emulsification in 
microfluidic device. 
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Porous microwells for geometry-selective, large-scale microparticle arrays 

Jae Jung Kim1, jaejungk@mit.edu, Ki Wang Bong2,3, Daniel Irimia2, Patrick S. Doyle1. 
(1) Chemical Engineering, MIT, Cambridge, Massachusetts, United States (2) 
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Large-scale microparticle arrays (LSMA) are key for material science and 
bioengineering applications. However, previous approaches suffer from tradeoffs 
between scalability, precision, specificity, and versatility. Here we present a porous 
microwell-based approach to create large-scale microparticle arrays with complex 
motifs. Geometrically complex microparticles are synthesized by the microfluidic 
process stop flow lithography. These particles are guided to and pushed into 
microfluidic wells by fluid flow through small open pores at the bottom of the porous well 
arrays. A scaling theory allows for the rational design of LSMAs to sort and array 
particles based on the size, shape or modulus of the microparticles. Sequential particle 
assembly allows for proximal and nested particle arrangements, as well as particle 
recollection and pattern transfer. We demonstrate the capabilities of the technique by 
applying it to generate a complex, covert tag by the transfer of an upconversion 
nanocrystal laden LSMA. 

 

 
 
Schematic of microparticle assembly using microfluidic well arrays 



 
 
Large-scale (3800), high throughput microparticle assembly with 94 % filling yield and 
characteristic (shape) specific particle positioning with high specificity (> 95 %) 
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Shell evolution during drying of cellulose nanocrystal capsules fabricated from 
double emulsion drops 

Yunze Dai2, Chaoqun Ding2, Ubaldo M. Cordova-Figueroa3, Jeffrey P. Youngblood2, 
Carlos Martinez1, cjmartinez@purdue.edu. (1) Materials Engineering, Purdue 
University, West Lafayette, Indiana, United States (2) School of Materials Engineering, 
Purdue University, West Lafayette, Indiana, United States (3) Chemical Engineering, 
University of Puerto Rico - Mayaguez, Mayaguez, Puerto Rico, United States  

Cellulose nanocrystals (CNC) nanofibers which are the crystalline regions of elementary 
microfibrils found in cellulose are becoming a promising biocompatible nanoscale 
building block. In this talk, we report on the generation, evolution, and drying of CNC 
capsules with oil cores, obtained from double emulsion drops. Microcapillary devices 
were used to generate the double emulsion drops with outer diameters ranging from 75 
to 225 µm, and shell thicknesses ranging from 5 to 60 µm. 10 wt% aqueous CNC 
suspensions without and with the addition of PEGDA a a UV-crosslinkable binder, were 
used as the shell material while 10 cSt PDMS oil was used in the core. Drops were 
dispersed in 10 cSt PDMS oil. The evolution of the CNCs in the shell was tracked as a 
function of time in an optical microscope operated in bright field mode and under 
crossed polarizers. Soon after double emulsion generation, a fraction of the CNCs 
adhere to the inner and outer oil/water interfaces providing enhanced drop stability and 
influencing the assembly of the CNCs in the shell. Before drying, an anisotropic chiral 
nematic phase forms quickly that occupies 30 to 38% of the shell volume. During drying 
the CNC volume fraction increases forming a shell with a non-uniform thickness due to 
the difference in densities between the inner and outer drops. The addition of PEGDA 
increased the strength of the capsules but delayed the anisotropic phase onset. A 
flowing crosslinking method for the CNC-PEGDA capsules improved their strength and 
shape when compared to stationary crosslinking. Finally, the encapsulation of 
antimicrobial oils in CNC-PEGDA capsules was also demonstrated. 



 

 
 
Optical images with crossed polarizers of a group of double emulsion drops composed of a 10 
cSt PDMS oil core surrounded by a 10 wt% CNC suspension taken (a) 0, (b) 1, (c) 6 and (d) 36 
hours after generation. 
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Intracellular protein delivery using lipid-based nanoparticles 

Qiaobing Xu, qiaobing.xu@tufts.edu. Biomedical Engineering, Tufts University, 
Medford, Massachusetts, United States  

Although protein-based drugs have shown success, they have been limited mostly to 
cytokines, growth factors, enzymes and monoclonal antibodies, all of which function 
primarily extracellularly. A number of diseases, including genetic diseases and cancers, 
have the potential to be treated through proteins with an intracellular target. However, 
proteins alone are not usually able to cross the cell membrane to reach their 
intracellular targets. Here I will present the development of an effective strategy to 
deliver therapeutic proteins into cytoplasm for cancer treatment, using a combination of 
the reversible modification of proteins and cationic lipid-based nanoparticles. The 
application of such novel delivery system, including targeted cancer therapy and 
genome editing, will be discussed. 
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3D bioprinting nanoinks for complex tissue regeneration 

Lijie Grace Zhang1,2, lgzhang@gwu.edu. (1) Department of Mechanical and Aerospace 
Engineering, The George Washington University, Washington, District of Columbia, 
United States (2) Department of Biomedical Engineering, The George Washington 
University, Washington, District of Columbia, United States  

3D tissue and organ bioprinting has begun to show great promise in advancing the 
development of functional tissue/organ replacements. However, current 3D bioprinting 
techniques exhibit difficulty in achieving a nano resolution for clinically relevant 
constructs. Cells within the human body are in intimate contact with a 3D 
nanostructured extracellular matrix. Therefore, the main objective of our research is to 
develop novel nanomaterials as printing “inks” to fabricate the next generation of 
biomimetic complex tissue constructs (such as vascularized tissue, osteochondral 
tissue and neural tissue). For this purpose, we designed and synthesized innovative 
biologically inspired nanomaterials (i.e., smart self-assembly materials, conductive 
carbon nanomaterials, biocompatible nano hydroxyapatites, and bioactive factor loaded 
core-shell nanospheres). Through 3D bioprinting in our lab, a series of biomimetic tissue 
scaffolds with nano and micro features were successfully fabricated. Our results show 
that these 3D bioprinted nano scaffolds have not only improved mechanical properties 
but also excellent cytocompatibility properties for enhancing various cell growth and 
differentiation, thus promising for complex tissue regeneration. 
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Surface delivery of tuneable doses of BMP-2 from an polymeric scaffold induces 
volumetric bone regeneration 

Michael Bouyer1, Raphael Guillot1, Jonathan Lavaud2, Cedric Plettinx1, Cecile Olivier3, 
Véronique Curri4, Jean Boutonnat4, Jean-Luc Coll2, Françoise Peyrin3, Véronique 
Josserand2, Georges Bettega4, Catherine Picart1, catherine.picart@grenoble-inp.fr. (1) 
Greonoble Institute of Technology, Grenoble, France (2) Institut Albert Bonniot, 
Grenoble, France (3) European Synchrotron Radiation Facility, Grenoble, France (4) 
Grenoble University Hospital, Grenoble, France  

The rapid and effective bone regeneration of large non-healing defects remains 
challenging. Bioactive proteins, such as bone morphogenetic protein (BMP)-2, are 
osteoinductive, but their delivery by clinically approved collagen sponges remains 
unsatisfactory because of high doses and secondary effects (1). This work presents a 
novel means for repairing a critical size volumetric bone defect via osteoinductive 
surface coating of a polymeric hollow tube. This coating is made by self-assembly of 
polyelectrolytes into a nanometer scale layer-by-layer film made of biopolymers, which 
can be deposited on various types of carrier materials (2). Using this polyelectrolyte film 
as BMP-2 surface carrier (3), we show that the repair of a volumic bone defect is 
dependent on the amount of BMP-2 released locally by the polyelectrolyte film coating. 
Depending on the BMP-2 dose, a range of responses, from no effect to rapid bone 



repair in 1 to 2 weeks, can be achieved, including complete defect bridging (Fig 1) 
without the formation of vascularised and mineralised bone tissue. Histological staining 
and high-resolution computed tomography at the ESRFy revealed the presence of bone 
regeneration inside and around the tube with spatially distinct organization for 
trabecular-like and cortical bone. These results open perspectives for applications of 
these coatings for personalized medicine in orthopedic, maxilla-facial or dental surgery. 
 
1. Carragee E.J. et al. A critical review of recombinant human bone morphogenetic 
protein-2 trials in spinal surgery: emerging safety concerns and lessons learned. Spine 
J. 11:471, 2011. 
2. Crouzier T. et al. The performance of BMP-2 loaded TCP/HAP porous ceramics with 
a polyelectrolyte multilayer film coating. Biomaterials. 32:7543, 2011. 
3. Guillot R. et al. The stability of BMP loaded polyelectrolyte multilayer coatings on 
titanium. Biomaterials. 34:5737, 2013. 
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Designing Janus interfaces for manipulating immune cell response 

Yan Yu, yy33@indiana.edu. Indiana University, Bloomington, Indiana, United States  



Understanding and controlling the response of immune cells holds great promise for the 
development of precision medicine, particularly for cancer immunotherapy. Functions of 
immune cells are known to depend on the spatial presentation of ligands, but this 
fundamental knowledge has not been widely incorporated into the design of immune-
responsive materials. In this talk, I will present the recent progress from my group in 
manipulating immune cell functions by exploiting Janus particles. By taking advantage 
of the surface anisotropy of the two-faced Janus paticles, we have been able to control 
the activation of T cells and phagocytosis of macrophage cells. Our studies demonstrate 
the promise of designing anisotropic interfaces for controlling immune cell response. 
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Cellular uptake and cytotoxicity effects of SERS tags for use in cancer imaging 

Manjari Bhamidipati, manjari.b@rutgers.edu, Laura Fabris. Rutgers University, 
Piscataway, New Jersey, United States  

The use of gold nanoparticles (AuNPs) as surface-enhanced Raman spectroscopy 
(SERS)-tags for early cancer detection and targeted therapy has significantly increased 
over the past few decades. SERS-based imaging offers ultra sensitivity up to single 
molecule detection, multiplexing capability, increased photo stability, and has been 
shown to outperform fluorescence. However, in order to use SERS tags for early cancer 
detection, it is important to understand their interaction with cells and cytotoxicity. In this 
study, we carried out a multi-parametric in vitro study to look at the cytotoxicity and 
cellular uptake of gold nanoparticles on human glioblastoma and human dermal 
fibroblast cell lines. Cytotoxicity was evaluated by incubating cells with three different 
morphologies of AuNPs: nanospheres, nanorods, and nanostars, each having three 
different surface chemistries (cetyltrimethylammonium bromide (CTAB), poly(ethylene 
glycol) (PEG), and human serum albumin (HSA)). Our results showed that the 
morphology of the nanoparticles had no effect on cell viability. CTAB coated particles 
were found to be the most toxic to cells while PEGylated nanostars were least toxic. 
Caspase-3 and LDH assays revealed that the mechanism of cell death differed between 
cell lines. This study provides valuable information on morphology and surface 
chemistry-induced cytotoxicity of gold nanoparticles that is necessary for the 
development of gold nanoparticle based cancer detection systems. 
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Rapid diagnostics for infectious disease using noble metal nanoparticles 

Chunwan Yen4, Helena de Puig Guixe3, Justina Tam4, Jose Gomez-Marquez5, Irene 
Bosch6, Lee Gehrke6,7, Kimberly Hamad-Schifferli1,2, kim.hamad@umb.edu. (1) 
Engineering, University of Massachusetts Boston, Boston, Massachusetts, United 
States (3) Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States (4) Winchester Engineering Analytical Center, Food and 
Drug Administration, Winchester, Massachusetts, United States (5) Little Devices Lab, 



Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (6) 
Institute for Medical Engineering and Science, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (7) Dept. of Microbiology and 
Immunobiology, Harvard Medical School, Boston, Massachusetts, United States  

Rapid point-of-care (POC) diagnostic devices are needed for field-forward screening of 
severe acute systemic febrile illnesses such as dengue, Ebola, chikungunya, and 
others. Multiplexed rapid lateral flow diagnostics have the potential to distinguish among 
multiple pathogens, thereby facilitating diagnosis and improving patient care. We 
present a platform for multiplexed pathogen detection which uses gold or silver 
nanoparticles conjugated to antibodies to sense the presence of biomarkers for different 
infectious diseases. We exploit the size-dependent optical properties of Ag NPs to 
construct a multiplexed paperfluidic lateral flow POC sensor. AgNPs of different sizes 
were conjugated to antibodies that bind to specific biomarkers. Red AgNPs were 
conjugated to antibodies that could recognize the glycoprotein for Ebola virus, green 
AgNPs to those that could recognize nonstructural protein 1 for dengue virus, and 
orange AgNPs for non structural protein 1 for yellow fever virus. Presence of each of the 
biomarkers resulted in a different colored band on the test line in the lateral flow test. 
Thus, we were able to use NP color to distinguish among three pathogens that cause a 
febrile illness. Because positive test lines can be imaged by eye or a mobile phone 
camera, the approach is adaptable to low-resource, widely deployable settings. This 
design requires no external excitation source and permits multiplexed analysis in a 
single channel, facilitating integration and manufacturing. We will also discuss 
engineering the nanoparticle physical properties and surface chemistry for improving 
detection and also optimizing device properties. 
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Viral nanoparticle reporters in lateral flow assays: Understanding enhanced 
sensitivity through pore-scale binding 

Jinsu Kim, Ryan Poling-Skutvik, João R. Trabuco, Katerina Kourentzi, Richard C. 
Willson, Jacinta Conrad, jcconrad@uh.edu. Chemical and Biomolecular Engineering, 
University of Houston, Houston, Texas, United States  

 
analytes. While LFAs are particularly well-suited for use in economically challenged 
areas with limited laboratory infrastructure, their lack of sensitivity and quantification 
limits their use in detection of pathogens for which treatment requires rapid and early 
diagnosis. Here, we show that viral nanoparticles can be employed as reporters in 
quantitative and sensitive LFAs for viruses. AviTag-biotinylated filamentous M13 
bacteriophage were functionalized with antibodies using avidin−biotin conjugation and 
fluorescently labeled with AlexaFluor 555. Using automated image processing 
algorithms to count individual reporters in fluorescence micrographs, we show that 
limit of detection of viral-nanoparticle LFAs is up to two orders of magnitude lower than 
that of enzyme-linnked immunosorbent assays or traditional gold-nanoparticle LFAs. To 



understand the origin of this increased sensitivity, we characterize binding of the viral 
nanoparticles to a fibrous affinity membrane using pore-scale imaging. We show that 
most binding modes require the bacteriophage to reorient prior to capture on a 
functionalized membrane, consistent with the idea that the elongated M13 shape 
couples with the complex flow field in an open and disordered fibrous LFA membrane to 
enhance capture. 
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Keynote Lecture: Dynamically reconfigurable and self-propelling assemblies from 
engineered microparticles: Principles and emerging applications 

Orlin D. Velev, odvelev@ncsu.edu. Dept. of Chemical and Biomol. Engineering, North 
Carolina State University, Raleigh, North Carolina, United States  

We will present new classes of dynamically and reversibly reconfigurable colloidal 
microstructures that are assembled and actuated by magnetic and electric fields and will 
discuss how "active" particles can be an object or result of programmed assembly. We 
have shown earlier how metallo-dielectric Janus/patchy spheres and microcubes 
acquire complex polarization patterns in external fields, leading to multidirectional 
interactions and assembly. Now we will first describe how magnetically responsive 
Janus microcubes can be assembled into dynamically reconfiguring microclusters and 
chains. The residual polarization of the metal-coated facets leads to directional dipole-
dipole and field-dipole interactions and reconfiguration of the cubic particles, which is 
directed by their conformational restrictions. Thus, their orientational sequence 
determines how the assembled chains will respond and fold. Pre-assembled microcube 
clusters could be reversibly actuated, oriented and spatially transported by changing the 
applied field parameters. These patchy cube assemblies are capable of grabbing and 
transporting target micro-objects and serve as prototypes of novel microbot and 
colloidal origami structures. They can also be designed to be self-motile in non-
Newtonian media. Finally we will consider strategies for assembly and reconfiguration of 
structures from powered active particles. The results lay the foundation of future 
applications ranging from shape-changing matter, to soft actuators and microbots, to 
reprogrammable neuro-computational networks. 
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Self-propelled colloids navigating mazes & organizing into machines 

Yuguang Yang, yangyutu123@gmail.com. Johns Hopkins University, Baltimore, 
Maryland, United States  

Controlling navigation of self-propelled microscopic ‘robots’ subject to random Brownian 
motion in complex microstructured environments (e.g., porous media, tumor 
vasculature) is important to many emerging applications (e.g., enhanced oil recovery, 
drug delivery). In this work, we design an optimal feedback policy to navigate an active 
self-propelled colloidal rod in complex mazes with various obstacle types. Actuation of 
the rods is modeled based on a light-controlled osmotic flow mechanism, which 
produces different propulsion velocities along the rod’s long axis. Actuator-
parameterized Langevin equations, with soft rod-obstacle repulsive interactions, are 
developed to describe the system dynamics. A Markov decision process (MDP) 
framework is used for optimal policy calculations with design goals of colloidal rods 
reaching target end points in minimum time. Simulations show that optimal MDP-based 
policies are able to control rod trajectories to reach target regions order-of-magnitudes 
faster than uncontrolled rods, which diverges as maze complexity increases. An efficient 
multi-graph based implementation for MDP is also presented, which scales linearly with 
the maze dimension. 
After understanding optimal control of single self-propelled colloids, we extend our 
approaches to ensembles of self-propelled particles to actuate motion of movable 
objects, such as cargo or other device parts (as opposed to static maze obstacles). In 



this case, we develop a multi-agent coordinated optimal control algorithm for application 
to systems of many self-propelled particles. We show that such algorithm can drive 
particles to form arbitrary geometrical shapes, including topologically complex 
structures, and perform effectively rigid collective motions, including translation and 
rotation. For demonstration purposes, we show particle swarms transporting inert cargo 
particles as well as the assembly and controlled spin of a gear, as a basic element in a 
micro mechanical machine. 
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Development of a new generation of remotely powered self-propelling active 
particles 
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M. Jokerst1, Orlin D. Velev2. (1) Electrical & Computer Engineering, Duke University, 
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Carolina State University, Raleigh, North Carolina, United States (3) Biomedical 
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Active colloidal particles represent an emerging class of soft matter, where the particles 
exhibit self-propelled motion and adopt non-equilibrium configurations through 
harvesting of energy from applied external fields (e.g., electrical, optical, and/or 
magnetic). The engineering design and fabrication of complex, active self-propelling 
particles is an area of significant emerging interest, yet few principles of particle 
propulsion have been studied and few concrete demonstrations exist to date. It is 
particularly interesting to explore the use of external alternating electric fields for self–
assembling charged particles into determined structures. Velev et al. have 
demonstrated the ability to remotely control the direction of millimeter-sized commercial 
diode locomotion by electronically modifying an applied AC signal (Nature Mater., 2007, 
Adv. Funct. Mater. 2015). However, the fabrication and characterization of the collective 
behavior of larger numbers of smaller diodes offers the opportunity to study the 
interaction and ensemble dynamics of these particles. I will discuss the engineering 
design of silicon pn junction particles, and the fabrication of millions of these micron-
sized particles in a single run using standard silicon circuit fabrication technology. These 
particles are of very low size dispersity (highly uniform), and can be designed and 
fabricated into a variety of shapes. I will also describe the fabrication of large batches of 
silicon pn-junction particles, discuss the experimental demonstration of their powered 
particle propulsion, and report means of controlling the particle-to-particle interactions 
via the AC electric field. Diodes subjected to a lower frequency (<1kHz) AC fields propel 
directionally and rebound from each other when placed in proximate contact. At higher 
frequencies, the diodes attract each other due to induced dipolar interactions and 
assemble into long, straight chains. Thus, we can switch between active motility and 
directed assembly within the same particle system. Based upon our preliminary results, 
these engineered semiconductor particles may enable the vision of higher-level active 



motion particle assembly as a method for creating dynamically reconfigurable 
neuromorphic computational systems. 
 
*Research supported by National Science Foundation (NSF) Graduate Research 
Fellowship & Triangle Materials Research Science & Engineering Center (NSF-DMR-
11-21107) 
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Dynamic, directed self-assembly of nanoparticles via toggled interactions 

Zachary M. Sherman, zsherman@mit.edu, James W. Swan. Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

Crystals self-assembled from nanoparticles have useful properties such as optical 
activity and sensing capability. During fabrication however, gelation and glassification 
often leave these materials arrested in defective or disordered metastable states. This is 
a key difficulty preventing adoption of self-assembled nanoparticle materials at scale. 
Processes which suppress kinetic arrest and defect formation while accelerating growth 
of ordered materials are essential for bottom-up approaches to creating nano-materials. 
Dynamic, directed self-assembly processes in which the interactions between self-
assembling components are actuated temporally, offer one promising methodology for 
accelerating and controlling bottom-up growth of nano-structures. We show through 
simulation and theory how time-dependent, periodically toggled inter-particle attractions 
can avoid kinetic barriers and yield well-ordered crystalline domains for a dispersion of 
nanoparticles interacting via a short-ranged, isotropic potential. The growth mechanism 
and terminal structure of the dispersion are controlled by parameters of the toggling 
protocol. This control allows for selection of processes that yield rapid self-assembled, 
low defect crystals. Although self-assembly via periodically toggled attractions is 
inherently unsteady and out-of-equilibrium, its outcome is predicted by a first principles 
theory of non-equilibrium thermodynamics. The theory necessitates equality of the time 
average of pressure and chemical potential in coexisting phases of the dispersion. 
These quantities are evaluated using well known equations of state. The phase 
behavior predicted by this theory agrees well with measurements made in Brownian 
dynamics simulations of sedimentation equilibrium and homogeneous nucleation. The 
theory can easily be extended to model dynamic self-assembly directed by other 
toggled conservative force fields. We also present kinetic models that predict the rate of 
crystallization as a function of the dynamic toggling parameters for several different 
observed growth mechanisms. 
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Propulsion of two-sphere swimmers and collective behavior 
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We describe experiments and simulations demonstrating the propulsion of a neutrally 
buoyant swimmer that consists of a pair of spheres attached by a spring, immersed in a 
vibrating fluid. The vibration of the fluid induces relative motion of the spheres which, for 
sufficiently large amplitudes, can lead to motion of the center of mass of the two 
spheres. We find that the swimming speed obtained from both experiment and 
simulation agree and collapse onto a single curve if plotted as a function of the 
streaming Reynolds number, suggesting that the propulsion is related to streaming 
flows. There appears to be a critical onset value of the streaming Reynolds number for 
swimming to occur. We observe a change in the streaming flows as the Reynolds 
number increases, from that generated by two independent oscillating spheres to a 
collective flow pattern around the swimmer as a whole. The mechanism for swimming is 
traced to a strengthening of a jet of fluid in the wake of the swimmer. We then discuss 
collective behavior and of such swimmers at intermediate Reynolds numbers. 
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Dissipative aggregation of colloidal building blocks 

Bas van Ravensteijn2, b.g.p.vanravensteijn@uu.nl, Wouter Hendriksen1, Rienk 
Eelkema1, Jan van Esch1, Willem Kegel2. (1) Department of Chemical Engineering, 



Delft University of Technology, Delft, Netherlands (2) Department of Chemistry, Utrecht 
University, Utrecht, Netherlands  

Dissipative assembly operates under continuous influx of energy resulting in 
superstructures which exist far from equilibrium. Although perfected in biological 
systems, this class of assembly is sparsely used in synthetic/colloidal systems. 
Here, we present the first example of a colloidal system that undergoes fuel-driven 
aggregation. The system we designed comprises polystyrene particles grafted with 
block-copolymers that consist of an inner hydrophilic block and a terminal, charged 
carboxylic acid end-segment. The inner segments guarantee colloidal stability in the 
absence of fuel, while the outer segments can switch between an attractive and 
repulsive state depending on the presence of fuel. To realize functionalization of the 
colloids with the desired well-defined macromolecules, we exploited the controlled 
features of Surface-Initiated Atom Transfer Radical Polymerization (SI-ATRP). 
Upon addition of a chemical fuel to the polymer grafted particles, charges on the 
terminal carboxylic acid segment are actively removed by methylation. The resulting 
hydrophobic methyl esters induce an effective attraction between the individual colloids, 
enabling aggregation. 
However, the formed esters are marginally stable under the applied, basic reaction 
conditions and can only be maintained in the presence of sufficient fuel. If fuel is 
depleted, base-catalyzed hydrolysis reactions of the esters become dominant. The 
charged moieties on the grafted polymer hairs are therefore reintroduced, causing 
spontaneous disintegration of the formed clusters and reinstatement of an equilibrium 
situation. Addition of a second fuel shot starts a new dissipative cycle, making the 
observed aggregation truly reversible and fuel-dependent. 
The presented colloidal system serves as model for further development of 
dissipative/out-of-equilibrium assembly systems based on biological design principles. 

 

 
 
Scheme 1. Schematic respresentation of fuel-induced aggregation cycles. 
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Active materials represent a new class of condensed matter in which motile elements 
may collectively form dynamic, global structures out of equilibrium. In this talk, I will first 
present a general strategy to differentiate active particles into various collective states 
by introducing field-induced imbalanced electrostatics. Demonstrating the concept with 
computer simulations of self-propelled colloidal spheres, experimentally we validate it in 
the two-dimensional (2D) system of metal-dielectric Janus colloids subjected to 
perpendicular AC electric fields. The mismatched, frequency-dependent dielectric 
responses of the hemispheres allow simultaneous control of particle motility and 
colloidal interactions. We realized swarms, chains, clusters and isotropic gases from the 
same precursor particle simply by changing the electric field frequency. Large-scale 
polar waves, vortices and jammed domains are also observed, with time-dependent 
evolution of their collective structure that is intriguingly evocative of classical materials 
yet persistent in the active state. This strategy of asymmetry-driven active self-
organization should generalize rationally to other active materials. 
In the second half of the talk, we introduce additional magnetic fields to cause the self-
propelled Janus particles to circle in opposite ways while remain identical in all other 
aspects. Such an active binary mixture of Janus spheres creates an exact dynamic 
analog of binary fluids, the classic example of thermodynamic phase separation. By 
combining experiments and simulations, we show that this active mixture phase 
separates similar to a binary fluid, with a coexistence curve separating mixing and 
demixing regimes and a critical point that we demonstrate to belong to the 2D Ising 
universality class. Within the coexistence curve, we locate the spinodal curve that 
separates spinodal decomposition from nucleation and growth. We further demonstrate 
that the kinetics of the spinodal process follows the same power law of 2D binary fluids. 
This result establishes a strong phenomenological link between active systems with 
external driving and their equilibrium analogs, and suggests generalization of 
equilibrium statistical mechanics to nonequilibrium cases. 
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Joseph Slocik, Steve Kim, Zhifeng Kuang, Rajesh R. Naik, rajesh.naik@us.af.mil. Air 
Force Research Laboratory, Dayton, Ohio, United States  

Biological systems exhibit unparalleled diversity in terms of structure and function. 
Using a limited palette of materials, biosystems have evolved functions such as specific 
molecular interactions, transducing energy, communicating with other cells, self-
assembling 3D structures and creating hybrid structural materials. The unique and 
diverse functions of biomaterials provide many opportunities in developing concepts, as 
well as new classes of materials and devices. In my talk I will cover our work on 
modulating interfacial interactions between biotic and abiotic materials to integrate 
biological elements into nanomaterials for reconfigurable material assembly and 
sensors. In addition, we will highlight the use of bio-enabled assembly of multifunctional 
(nano)materials for catalysis and energetic applications. 

 
 

 
 
Schematic of a reversible interaction of a dodecapeptide and a nanoparticle surface. 
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Polymerization-induced self-assembly of all-acrylic diblock copolymers via RAFT 
dispersion polymerization in alkanes 

Liam P. Ratcliffe2, l.p.ratcliffe@sheffield.ac.uk, Beulah E. McKenzie2, Gaelle M. Le 
Bouedec2, Clive N. Williams3, Steven L. Brown3, Steven P. Armes1. (1) Univ of Sheffield 
Dept of Chem, Sheffield, United Kingdom (2) Chemistry, University of Sheffield, 
Sheffield, South Yorkshire, United Kingdom (3) Scott Bader, Wollaston, United Kingdom  

A series of all-acrylic poly(lauryl acrylate)−poly(benzyl acrylate) (PLA−PBzA) diblock 
copolymer nanoparticles are prepared by reversible addition−fragmentation chain 
transfer (RAFT) dispersion polymerization of benzyl acrylate in n-heptane, n-dodecane, 
or isohexadecane. As the PBzA block grows from the soluble PLA block it eventually 
becomes insoluble, which drives in situ polymerization-induced self-assembly (PISA). 
High monomer conversions (>99%) can be achieved and high blocking efficiencies are 
observed using 1H NMR spectroscopy and gel permeation chromatography, 
respectively. However, final Mw/Mn values range from 1.36 to 2.10, which suggests that 



chain transfer to polymer occurs in these all-acrylic PISA formulations. The soft, film-
forming nature of these all-acrylic nanoparticles makes conventional TEM studies 
problematic. However, inspecting the visual appearance of these dispersions combined 
with DLS studies allows the construction of a phase diagram, which has been validated 
by cryo-TEM studies of selected copolymers. The latter technique confirms that 
spherical, worm-like or vesicular morphologies can be obtained depending on the 
copolymer concentration, mean degree of polymerization of the core and stabilizer 
blocks, and choice of solvent. Oscillatory rheology studies indicate that PLA−PBzA 
worms form free-standing worm gels at 20 °C with relatively low moduli (G′ ∼ 20 Pa). 
Moreover, reversible thermal transitions are observed below ∼15 °C and above ∼67 °C. 
Finally, worm gels that exhibit critical gelation concentrations as low as 2.5% w/w at 20 
°C can be prepared at up to 40% w/w solids using a convenient one-pot protocol. In 
summary, this new PISA formulation represents a cost-effective, facile synthesis route 
to all-acrylic nano-objects in non-polar solvents. 
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A robust cross-linking strategy for block copolymer worm gels prepared via 
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Specialty Chemicals, Southampton, United Kingdom  

We have previously reported the preparation of poly(glycerol monomethacrylate)-poly(2-
hydroxypropyl methacrylate) (PGMA-PHPMA) diblock copolymer worm gels using 



polymerization-induced self-assembly (PISA) by reversible addition-fragmentation chain 
transfer (RAFT) aqueous dispersion polymerization. Such worms form a free-standing 
gel at room temperature due to multiple inter-worm contacts. However, on cooling to 5 
°C, a worm-to-sphere transition is observed due to surface plasticization of the PHPMA 
core-forming block. A similar worm-to-sphere transition is observed on increasing the 
solution pH from 3.5 to 6.0 when these worms are prepared using a carboxylic acid-
functionalized RAFT agent. In both cases degelation is observed as inter-worm contacts 
can no longer be made. Herein, we report the preparation of core cross-linked worms 
using a similar formulation. A PGMA macro-chain transfer agent is chain-extended by 
RAFT statistical copolymerization of HPMA with glycidyl methacrylate (GlyMA). A series 
of five free-standing worm gels was prepared by fixing the overall degree of 
polymerization of the core-forming block at 144 while varying its GlyMA content from 0 
to 20 mol %. The epoxy groups in the GlyMA residues can be ring-opened using 3-
aminopropyl triethoxysilane (APTES). Core cross-linked worms are obtained via 
hydrolysis condensation of silanol groups and/or hydroxyl groups on the HPMA 
residues. 1H NMR analysis is utilised to monitor the extent of cross-linking. Furthermore, 
the worms are analysed before and after cross-linking using temperature-dependent 
oscillatory rheology, which indicated that stiffer gels are formed on cross-linking. 
Dynamic light scattering studies and TEM analyses conducted on linear worms exposed 
to either methanol (a good solvent for both blocks) or anionic surfactant results in 
immediate worm dissociation. In contrast, cross-linked worms remain intact under such 
conditions, provided that the worm cores comprise at least 10 mol % GlyMA. 
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The tremendous functionality of living systems is based on sequence-specific polymers 
and it is increasingly clear that much simpler oligomers, such as peptides, are suitable 
building blocks for supramolecular nanomaterials with myriad applications. However, 
the design and selection of self-assembling sequences is challenging due to the vast 
combinatorial space available. We demonstrate methodology that enables the peptide 
sequence space to be searched for self-assembling structures. In this approach, 
dipeptides are subjected to continuous enzymatic condensation, hydrolysis and 
sequence exchange with the free energy change associated with the assembly process 
itself giving rise to selective amplification of self-assembling candidates. By sequentially 
changing conditions, different sequences and consequent nanoscale morphologies may 
be selected– thus demonstrating discovery of peptide nanostructures by directed 
evolution. 
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Preparation of functional membrane materials by assembly of polymer brush 
nanoparticles 

Ilya Zharov, i.zharov@utah.edu. Univ of Utah, Salt Lake City, Utah, United States  

We use polymer brush nanoparticles (PBNPs) to prepare functional membrane 
materials suitable for ultrafiltration, and proton and lithium ion transport. 
 
The nanoparticles used to assemble the ultrafiltration membranes were prepared by 
modifying the surface of silica nanoparticles (SNPs) with 2-bromoisobutyrylbromide, 
followed by atom transfer radical polymerization to form pSPM-r-pEEMA, pDMAEMA-r-
pMMA, pSPM, pHEMA, pHEMA-r-pSPM and pSPM-r-pEEMA brushes. The membranes 
prepared from these PBNPs can be assembled and re-dispersed in solution by 
switching the solvent. We prepared two types of reversible membranes: membranes 
made of silica modified with polymer brushes carrying acidic and basic groups, and 
membranes in which the grafted polymer brushes have neutral groups. The former are 
stable in most organic solvents and easily dissolve in water, while the latter are water-
stable and capable of dispersion in organic solvents. Both types of membranes are 
nanoporous and capable of size-selective transport and ultrafiltration. 
 
We also prepared proton conducting membranes using PBNPs carrying sulfonated 
polymer brushes, poly(3-sulfopropylmethacrylate) and poly(4-styrenesulfonic acid). The 
membranes prepared from PBNPs carrying longer polymer chains possessed polymer-
like characteristics, compared to the stiffer membranes made with shorter polymer 
brushes. All these membranes showed comparable proton conductivities, with a 
maximum value of ~0.06 S/cm at 98 °C and 70% R.H. 
 
Finally, lithium conducting membranes were prepared using PBNPs surface-grafted with 
PEO-containing polymer brushes, poly(ethylene glycol) monomethyl ether methacrylate, 
PEGMA, and with poly(ethyl methacrylate), PEEMA. There materials showed high ionic 
conductivity and unusual conductivity temperature dependence. Specifically, their 
conductivity was relatively low (~0.8 mS/cm) at 4 °C, increased to ~2.5 mS/cm in the 
range of 40-80 °C and decreased to ~1.0 mS/cm around 100 °C. 

CSSS 140 

Nanoparticles on lipid membranes: From liposome gels to total liposome 
destruction 

Derek Wood1, dawood@physics.umass.edu, Tony Dinsmore3, Vincent M. Rotello2. (1) 
Physics, UMass, Amherst, Massachusetts, United States (2) Univ of Massachusetts, 
Amherst, Massachusetts, United States (3) University of Massachusetts, Amherst, 
Massachusetts, United States  

We explore the effects of adhesion of cationic nanoparticles onto lipid bilayer vesicles. 
The adhesion strength of the nanoparticles to the vesicles is controlled by varying the 



ratio of the two lipid species composing them: zwitterionic DOPC and anionic DOPS. 
When the mole fraction of DOPS exceeds 4%, the membrane is highly disrupted by the 
nanoparticles and the vesicles are destroyed by a dramatic morphological change. 
When the mole fraction of DOPS is less than 4%, the nanoparticles cause the vesicles 
to adhere to one another and form a rigid liposome gel. These two behaviors can be 
explained by a transition from a partial wrapping of the nanoparticles to their complete 
envelopment by the membrane when the DOPS content exceeds 4%. These findings 
could be used to create cargo-carrying liposomes with the ability to rupture on trigger, or 
to engineer new solid, semi-permeable materials that can encapsulate cargo. This work 
is supported by the NSF-funded MRSEC on Bioinspired Soft Materials, DMR-1420382. 
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Keynote Lecture: Molecular self-assembly in topological defects of liquid crystals 

Nicholas L. Abbott, abbott@engr.wisc.edu, Xiaoguang Wang, Emre Bukusoglu, 
Young-Ki Kim. Department of Chemical and Biological Engineering, University of 
Wisconsin-Madison, Madison, Wisconsin, United States  

Topological defects present in liquid crystals (LCs) have been widely used to organize 
colloidal dispersions and template polymerizations, leading to a range of assemblies, 
elastomers and gels with complex mechanical and optical properties. However, little is 
understood about molecular-level assembly processes within defects, although within 
the nanoscopic cores of singular topological defects the ordering of mesogens is known 
to be diminished relative to the bulk LC. In this presentation, we will describe how the 
nanoscopic environments defined by LC topological defects can selectively trigger 
processes of molecular self-assembly. By using fluorescence microscopy, cryogenic 
transmission electron microscopy and super-resolution optical microscopy, we have 
measured key signatures of molecular self-assembly of amphiphilic molecules in 
topological defects - including cooperativity, reversibility, and controlled growth of the 
molecular assemblies. By using amphiphiles that can be photocrosslinked, we also 
demonstrate preservation of molecular assemblies templated by defects, including 
nanoscopic “o-rings” synthesized from “Saturn-ring” disclinations. Our results reveal that 
topological defects in LCs are a versatile class of three-dimensional, dynamic and 
reconfigurable templates that can direct processes of molecular self-assembly in a 
manner that is strongly analogous to other classes of macromolecular templates (e.g., 
polymer—surfactant complexes). 
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Polymer membranes with vertically aligned 1-nm pores by directed self-assembly 

Xunda Feng1, xunda.feng@yale.edu, Marissa Tousley1, Matthew Cowan2, Siamak 
Nejati1, Brian R. Wiesenauer2, Richard D. Noble3, Elimelech Menachem1, Douglas Gin2, 
Chinedum O. Osuji1. (1) Department of Chemical and Environmental Engineering, Yale 
University, New Haven, Connecticut, United States (2) Department of Chemistry and 



Biochemistry, University of Colorado, Boulder, Boulder, Colorado, United States (3) 
Department of Chemical and Biological Engineering, University of Colorado, Boulder, 
Boulder, Colorado, United States  

Membrane separations are critically important in areas ranging from health care and 
analytical chemistry to bioprocessing and water purification. An ideal nanoporous 
membrane would consist of a thin film with physically continuous and vertically aligned 
nanopores and would display a narrow distribution of pore sizes. However, the current 
state of the art departs considerably from this ideal and is beset by intrinsic trade-offs 
between permeability and selectivity. We have developed two effective and scalable 
methods to fabricate polymer films with ideal membrane morphologies by directed self-
assembly of a crosslinkable wedge-shaped amphiphilic species forming columnar 
mesophase with 1 nm nanopores. The first approach leverages the magnetic anisotropy 
of the amphiphile to control the alignment of these pores with a magnetic field. In situ 
SAXS and subsequent TEM reveal the formation of highly ordered nanostructured 
mesophases and crosslinked polymer films with orientational order parameters of ca. 
0.95. The second approach is simply based on soft confinement to control the 
orientation of the nanopores in sub-μm thick films, in which physical confinement of the 
mesophase by a soft elastomer pad and subsequent thermal annealing spontaneously 
result in vertically aligned nanopores. High resolution TEM imaging shows that the 
pores are physically continuous and straight through the film thickness. We have 
studied the enhanced transport properties of the polymer films produced by the two 
methods through measuring the through-thickness ionic conductivity. The remarkable 
improvement in membrane ionic conductivity on alignment underlines the potential to 
achieve the large area control of morphology and related enhancement of properties 
required for high-performance membranes and other applications. 

 

 
 
Directed self-assembly of a crosslinkable mesophase possessing 1 nm pores 
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Structure-dependent photoluminescence behavior of liquid-crystalline self-
organized organic-inorganic hybrid dendrimer with a CdS nano-core 

Kiyoshi Kanie1, kanie@tagen.tohoku.ac.jp, Masaki Matsubara1, Warren Stevenson2, 
Jun Yabuki1, Xiangbing Zeng2, Haoliang Dong2, Kazunobu Kojima1, Shigefusa F. 
Chichibu1, Kaoru Tamada3, Atsushi Muramatsu1, Goran Ungar2,4. (1) IMRAM, Tohoku 
University, Sendai, Miyagi, Japan (2) Department of Materials Science and Engineering, 
University of Sheffield, Sheffield, United Kingdom (3) Institute for Materials Chemistry 
and Engineering, Kyushu University, Fukuoka, Japan (4) Department of Physics, 
Zhejiang Sci-Tech University, Hangzhou, China  

Semiconductor quantum dots (QDs) have attracted a great deal of attention in material 
science. Recently, we have developed liquid-crystalline (LC) organic-inorganic hybrid 
dendrimers.1 Dense surface modification of spherical gold nanoparticles (NPs) with LC 
G2 dendron molecules was found to result in a hybrid exhibiting a thermotropic LC 
phase with simple cubic structure. In the present study, we focus on imparting such 
ability to self-organize onto monodisperse QDs. As a result, dendron-modified QDs 
were formed ordered superlattices. Such structures were found to exhibit unusual 
photoluminescence (PL) behaviour. CdS NPs C1-C3 with different degrees of CO2H 
modification were prepared as the core of the dendrimer. Surface modification of C1-C3 
by G2 was carried out by amidation reaction. The average sizes of the core particles of 
C1, C2, and C3 were calculated as 3.9, 3.9, and 3.8 nm, respectively. The numbers of 
G2 molecules per one particle for G2/C1, G2/C2, and G2/C3 were obtained as 69, 54, 
and 47, respectively. SAXS and DSC measurements showed that G2/C1 exhibited 
thermotropic LC phases. At 150 °C, G2/C1 formed a new thermotropic cubic LC phase 
with P213 symmetry. The cubic structure was retained at room temperature after 
cooling. On the other hand, only random structure was seen for G2/C2 and G2/C3. The 
G2/C1 dendrimer as deposited on a glass substrate, also formed a disordered structure. 
In such a state, it showed strong PL when UV irradiated at 365 nm. However, the PL 
was quenched when the G2/C1 dendrimer self-organized in the cubic phase after 
annealing at 150 °C followed by cooling. Such PL quenching behaviour was totally 
reversible, and appears to be derived from the periodic cubic structure of G2/C1. The 
unprecedented structure-dependent PL behaviour is summarized in Figure 1. The 
detailed analysis on PL quenching behaviour by femto-second laser is now in progress. 
Reference 
1. K. Kanie, M. Matsubara, X. Zeng, F. Liu, G. Ungar, H. Nakamura, A. Muramatsu, J. 
Am. Chem. Soc. 134, 808 (2012). 

 

 



 
Figure 1. A Schematic Image of Structure-dependent Photoluminescence Behavior of Liquid-
Crystalline “Organic-Inorganic Hybrid Dendrimer” with a CdS NP at Its Core. 
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Size control of nanoparticles produced by flash nanoprecipitation with varying 
hydrophoibic cores 

Robert K. Prudhomme, prudhomm@princeton.edu. Dept. of Chemical Biological 
Engineering, Princeton University, Princeton, New Jersey, United States  

 
Flash NanoPrecipitation (FNP) has been used to assemble nanoparticles with a 
hydrophobic core sterically stabilized by amphiphilic block copolymers. Nanoparticles 
produced by FNP have been investigated for use in a number of biomedical applications 
including drug delivery and imaging. Here we demonstrate the ability to control size 
using FNP process variables in both a model polystyrene system as well as a 
biocompatible poly(lactic acid) system. The polymer brushes produced in different 
nanoparticle formulations provide insight into the kinetically controlled FNP process. 
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Assembly of bile salt surfactants at single-walled carbon nanotube interfaces: A 
molecular simulation study 

Ketan S. Khare1,2, ketan.khare@nist.gov, Frederick R. Phelan1. (1) MSED, National 
Institute of Standards and Technology, Gaithersburg, Maryland, United States (2) 
Department of Physics, Georgetown University, Washington, District of Columbia, 
United States  

Analytical ultracentrifugation (AUC) has been successfully employed at NIST to 
disperse, sort, and hence, separate single-walled carbon nanotube (SWCNT) based on 
defining metrics such as length and chirality using bile salt surfactants. The AUC 
technique exploits the differences in the hydrodynamic properties of the complex 
colloidal mixture of SWCNTs and surfactants to enrich monodisperse SWCNT fractions. 
These differences in properties arise due to a hierarchy of water-mediated interactions, 
namely - (1) SWCNT-surfactant, (2) surfactant-surfactant, and (3) surfactant-counter 
ion. In recent work, our experimental collaborators at NIST have found that subtle point 
mutations of chemical groups on these bile salt surfactants have a relatively drastic 
impact in the hydrodynamic behavior of the SWCNT-surfactant complexes. These 
experimental findings provide strong motivation to understand the structure-property 
relationship in the thermodynamics and the assembly of various types of bile salt 
surfactants at the aqueous SWCNT interface and the associated counter ion cloud. 
Here, we use all-atom molecular dynamics simulations to investigate these systems 



with an emphasis toward comparing the previous experimental results and results from 
our modeling effort. 
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In silico selection of nonionic surfactants for detergency application with the 
integrated free energy model (IFEM): A molecular approach 

Americo Boza Troncoso, americo.boza@mail.utoronto.ca, Edgar J. Acosta. Chemical 
Engineering & Applied Chemistry, University of Toronto, Toronto, Ontario, Canada  

In this work the IFEM model, with Lifshitz-based Hamaker constants, was used to select 
optimum non-ionic surfactants for detergency. The IFEM framework considers a 
balance of hydrophilic and lipophilic energetic contributions to the solubilization of non-
polar oils in micelles of non-ionic surfactants. Within this context, five of these 
contributions arise from molecular interactions, two from entropic contributions and one 
from an excess oil-water interfacial free energy. The equations utilized to estimate such 
interactions have been previously validated as well as the IFEM model against 
experimental data. IFEM uses as input data molecular properties and produces 
predictions of the molar solubilization ratio (MSR) of oil to surfactant. IFEM simulations, 
in this work, contemplated different linear alternate alkyl ethoxylate (CxEOy) surfactant 
micelles with hexadecane, a representative oil used in detergency studies. These 
simulations demonstrate that a combination of Cx with EOy surfactant structure close to 
the micelle’s phase inversion temperature (PIT) provides maximum solubilization of 
hexadecane. This observation matches quantitatively the experimental observation, 
which indicates that there is strong correlation between PIT and optimum detergency. 
This work shows that the IFEM model can be used in some practical applications 
without further modification. Considering additional extensions, it can be applied in 
enhanced oil recovery, drug delivery and other applications. This framework is also 
amenable to be expanded/modified to understand other self-assembled systems. 

 



 
 
 

CSSS 147 

Crystallization kinetics of binary colloidal monolayers 

An T. Pham1,3, an.pham@duke.edu, Ryohei Seto2, Johannes Schonke2, Eliot Fried2, 
Benjamin B. Yellen1,3, Daniel Y. Joh4, Ashutosh Chilkoti4. (1) Mechanical Engineering 
and Material Science, Duke University, Durham, North Carolina, United States (2) 
Mathematical Soft Matter Unit, Okinawa Institute of Science and Technology, Onna, 
Okinawa, Japan (3) NSF Research Triangle Material Research Science and 
Engineering Center (MRSEC), Duke University, Durham, North Carolina, United States 
(4) Biomedical Engineering, Duke University, Durham, North Carolina, United States  

The self-assembly of dense phases of colloidal particles has been extensively studied 
as models for material phase transitions and other thermodynamic processes. The 
unique ability to track the individual trajectories of colloidal particles in experimentally 
accessible timescales allows these colloidal models to provide fundamental physical 
insights into the dynamics of material transformations occurring at the atomic scale. 
However, prior experimental investigations have mostly focused on mono-component 
colloidal systems, which are unable to provide insights into more complicated materials, 
such as alloys and glassy mixtures. Recent work on self-assembly in binary colloidal 



systems has potential to explore the dynamics of mixing and segregation processes, but 
have not yet demonstrated a protocol for forming sufficiently large crystal structures to 
enable the analysis of bulk crystalline phases. Here, we present experimental 
measurements and Brownian Dynamics simulations on the crystallization kinetics of a 
quasi-two-dimensional binary colloidal monolayer. An external magnetic field applied 
normal to a monolayer of paramagnetic and diamagnetic colloidal particles tunes the 
particle interactions in a manner analogous to a rapid quenching process. By adjusting 
the magnetic field strength, we are able to investigate a large range of quenching 
conditions, which have a strong effect on the average crystal sizes. We follow the 
kinetics of the polycrystalline transition by measuring the bond orientational order 
parameter of the particle assembly configurations. The dependence of the average 
crystal size and order parameter on the applied field strength provides guidelines for the 
ideal annealing conditions, which form the largest possible experimentally obtainable 
crystals. The main limiting factor is the presence of defects, which frustrates the 
crystallization process and limits the mean domain size. 

 

 
 
Time evolution of crystal growth during rapid quencing process at a field strength of H=7Oe 
with both experiment and simulation 
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Oxidative photocatalysis at TiO2 aerogels driven by surface plasmon resonance 
of gold and non-precious metal nanoparticles 

Jeremy J. Pietron1, jeremy.pietron@nrl.navy.mil, Paul A. DeSario1, Todd H. 
Brintlinger2, Rhonda M. Stroud2, Debra R. Rolison1. (1) Surface Chemistry Branch, 
Code 6170, Naval Research Laboratory, Washington, District of Columbia, United 
States (2) Materials and Sensors Branch, Code 6360, Naval Research Laboratory, 
Washington, District of Columbia, United States  



Modifying wide bandgap photocatalysts with plasmonic nanoparticles introduces visible-
light activity, expanding the applicability of these materials for solar-driven technologies. 
Recent work demonstrating the design, synthesis, and characterization of 
nanostructured titania aerogels with incorporated plasmonic Au and non-precious metal 
nanoparticles will be presented. 
 
Local surface plasmon resonances on ~5-nm Au nanoparticles inserted into TiO2 
aerogel photocatalysts (Au–TiO2) improve absorption overlap with the solar spectrum 
and sensitize water-splitting and other oxidation reactions at visible wavelengths. We 
demonstrated that composite aerogels in which metal nanoparticles are added just 
before the matrix begins to gel (“3D” synthesis [2]) show improved sensitization of 
visible-light–driven photocatalytic activity compared to aerogels in which metals are 
added after aerogel formation (“DP” synthesis) [1]. Additionally, we examine how the 
interfacial arrangement between the metal nanoparticles and mesoporous oxide 
network affects sensitization efficiency and leads to differences in photocatalytic activity. 
Photocatalytic reactivity of both types of composites were measured via photochemical 
and photoelectrochemical reactions to demonstrate the link between the interfacial 
arrangement and the subsequent photoefficiency for photooxidation or photoreduction. 
Finally, we will also describe the synthesis, plasmonic response, and plasmonics-driven 
photocatalytic activity of plasmonic aerogels incorporating non-preecious metal 
plasmonic nanoparticles. 
 
[1] J.J. Pietron, R.M. Stroud, D.R. Rolison, Nano Letters, 2 (2002) 545 
[2] P.A. DeSario, J.J. Pietron, D.E. DeVantier, T.H. Brintlinger, D.R. Rolison, Nanoscale, 
5 (2013) 8073. 
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Synergistic effect on the photocatalytic activity of N-doped TiO2 nanorods 
synthesised by novel route with exposed (110) facet 

Shahzad Abu Bakar1,2, shazad_158@yahoo.com. (1) Department of Chemistry, 
Federal University of Sao Carlos, SAO CARLOS, SP, Brazil (2) Nano Lab, Embrapa 
Instrumentation, Sao Carlos, SP, Brazil  

This paper describes a facile route for the preparation of visible-light-active N-doped 
TiO2 nanorods arrays at low temperature by a template-free oxidant peroxide method 
(OPM) and crystallized under hydrothermal treatment. The samples were characterized 
for structural, morphological and optical properties by XPS, FE-SEM, HRTEM, XRD, 
Raman and UVevis spectroscopy. XPS analysis revealed that N dopant atoms were 
mainly added at the interstitial sites into TiO2 lattice structure and few N atoms were 
present as substitutional sites of nitrogen atoms and/or at molecularly chemisorbed g-
N2 molecules. FESEM and HR-TEM analyses show that doping does not influence the 
cylindrical architecture of the nanorods. However, N doping causes an obvious red shift 
in the band edge which increases visible region absorption. The photocatalytic activity 
of pristine and N-doped TiO2 photocatalysts was tested for the degradation of methyl 



orange (MO) under UV and visible light irradiation. The N-doped TiO2 photocatalysts 
showed an efficient photocatalytic activity for methyl orange degradation under UV and 
visible light irradiation as compared to pristine TiO2. Multiple cycles for the MO 
photodegradation were performed without a decrease in the photocatalytic activity. PEC 
studies showed that photocurrent densities of 8.2 mA cm2 and 7.0 mA cm2 were 
obtained under UV and visible-light illumination at a potential of 0.8 V. 
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Poly(4-vinylpyridine) as a new platform for robust CO2 electroreduction 

Irina Chernyshova2, Sathish Ponnurangam3, P Somasundaran1, ps24@columbia.edu. 
(1) Earth & Environmental Engineering, Columbia University, New York, New York, 
United States (2) Earth and Environment Engineering, Columbia University, New York, 
New York, United States (3) Chemical and Petroleum Eng, University of Calgary, 
Calgary, Alberta, Canada  

The development of efficient and robust catalysts based on earth-abundant and non-
toxic materials is critical for the viability of the electrocatalytic conversion of CO2 into 
useful chemicals. Herein, we discover a new class of metal-polymer electrocatalysts 
with incorporated mechanisms of their stabilization which is based on a poly(4-vinyl 
pyridine). We attribute the outstanding catalytic properties of the new hybrid material to 
new intrinsic mechanisms of the metal stabilization offered by the N-heteroaromatic 
polymer. More generally, our study offers a new simple strategy to design and prepare 
robust CO2 reduction electrocatalysts based on earth-abundant metals. 

CSSS 151 

Rationally designed electrochemical interfaces for control over reaction kinetics 

Xianwen Mao, xmao@mit.edu, Gregory C. Rutledge, T. Alan Hatton. Department of 
Chemical Engineering, MIT, Cambridge, Massachusetts, United States  

The ability to exert control over an entity or a process is arguably the ultimate 
demonstration of our understanding of that process, and enables the full exploitation of 
its potential. Chemists are starting to incorporate control elements into catalyst design, 
enabling new strategies for the modulation of reaction kinetics using external stimuli. 
Here we introduce a new strategy to control reaction kinetics, both in batch and flow 
systems using a customized electrochemical interface composed of an electron-
conducting porous network conformally coated with a redox-switchable catalyst. ERHC 
is the first type of catalysis control strategy that combines all the following desired 
characteristics: continuous variation of reaction rates as a function of the magnitude of 
external stimulus, easy integration into fixed-bed flow reactors, and precise spatial and 
temporal control of the catalyst activity. Previously reported stimuli-responsive catalytic 
systems are usually limited to on/off bimodal control and cannot be used easily in a 
fixed bed reactor due to significant morphological/structural changes during 



activation/deactivation. Additionally, these catalytic systems often use chemical or 
thermal stimuli (e.g., pH, solvent composition, temperature), precise variation of which 
over location and time is difficult to achieve (especially in a flow system) and is further 
hampered by mass diffusion or heat dissipation. In this presentation, first, we will 
demonstrate rational design and facile fabrication of ERHC systems with different 
morphologies, micro-/nano-structures and chemical compositions. Second, we will 
evaluate the ERHC performances of these different catalytic systems in batch systems. 
Furthermore, we will present COMSOL simulation results on ERHC-integrated flow 
reactors to demonstrate highly flexible control over reactant concentrations as a function 
of both location and time. The ERHC concept could open the door to intriguing novel 
applications in controlled catalysis, chemical synthesis, and reaction engineering. 
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Photoelectron emission from diamond into water: New applications in 
photoelectrochemistry 

Robert J. Hamers, rjhamers@wisc.edu. Univ of Wisconsin, Madison, Wisconsin, 
United States  

Among diamond’s many unique properties is that its conduction band lies above the 
vacuum level. This property, known as negative electron affinity (NEA) allows diamond 
to be a particularly effective electron emitter when illuminated with UV light. While 
diamond’s electron emission into vacuum has been studied for many years, we have 
been investigating diamond’s ability to emit electrons directly into water and other non-
vacuum environments such as air, argon, and other gases. Electrons in water area an 
extremely potent reducing agent, able to initiate reactions such as the 1-electron 
reduction of CO2 to CO2-, the reduction of N2 to NH3, and the initiation of other unusual 
chemical reactions that cannot be accomplished with more traditional 
photoelectrochemical or electrochemical pathways. Because diamond is a poor 
absorber of light, steps must be taken to improve the light absorption and the efficiency 
of electron emission. These include surface functionalization with protonated amino 
groups to yield positive surface charges and the use of diamond-metal nanocomposite 
structures. In this talk I will discuss diamond as a photoemissive material in non-vacuum 
environments, with emphasis on improving diamond’s electron emission properties in 
water and enhancing yields of novel electrochemical reactions induced by emission into 
water. 
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The effect of multivalent counterions to the structure of highly dense polystyrene 
sulfonate brushes 

Jing Yu3, jingyu@uchicago.edu, Jun Mao3, Wei Chen1, Matthew V. Tirrell2. (1) 
Materials Science Division, Argonne National Laboratory, Naperville, Illinois, United 



States (2) IME, University of Chicago, Chicago, Illinois, United States (3) Institute for 
Molecular Engineering, University of Chicago, Lemont, Illinois, United States  

Surface tethered polyelectrolyte brushes are scientifically interesting and technologically 
relevant to many applications, ranging from colloidal stabilization to responsive and 
tunable materials to lubrication. Many applications operate in environments containing 
multi-valent ions, media in which our scientific understanding is not yet well-developed. 
We synthesized high-density polystyrene sulfonate (PSS) brushes via surface initiated 
atom-transfer radical polymerization, and performed neutron reflectivity (NR) 
measurements to investigate and compare the effects of mono-valent Rb+ and tri-valent 
Y3+ counterions to the structure of the densely tethered PSS brushes. Our NR results 
show that in mono-valent RbNO3 solution, the dense PSS brush retained its full 
thickness up to a salt concentration of 1 M, whereas it immediately collapsed upon 
adding 1.67 mM of tri-valent Y3+. Increasing the concentration of Y3+ beyond this level 
did not lead to any significant further structure change of the PSS brush. Our findings 
demonstrate that the presence of multi-valent counterions can significantly alter the 
structure of polyelectrolyte brushes, in a manner different from mono-valent ions, which 
has implications for the functionality of the brushes. 
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Depletion and electrical double layer forces between charged surfaces in 
solutions of like-charged polyelectrolytes 

Mohsen Moazzami Gudarzi, mohsen.moazzami@unige.ch, Gregor Trefalt, Plinio 
Maroni, Michal Borkovec. Inorganic and Analytical Chemistry, University of Geneva, 
Geneva, Switzerland  

Columbic interactions control the behavior of charged species such as colloids and 
polyelectrolytes in aqueous media. Density and distribution of free charges determine 
the range and magnitude of electrical double layer (EDL) forces acting between charged 
interfaces. Here, we studied surface forces between two silica particles in aqueous 
solution of sodium-poly(styrenesulfonate) (Na-PSS) using colloidal probe force 
microscopy in order to elucidate the nature of EDL forces in concentration regime where 
the ionic strength of solution is determined by concentration of Na-PSS. We showed 
that Poisson-Boltzmann theory can accurately describe the EDL forces providing that 
polyelectrolytes are treated as highly asymmetric electrolyte. Observation of long-
ranged EDL forces originates from large effective charge (Zeff) of polyelectrolytes which 
in turn results in depletion of them from the interparticles region. It is found that Zeff 
depends on polyelectrolyte molecular weight and represents the number of free 
counterions per polymer chain. The experimental Zeff obtained from force 
measurements is about 40 to 15% of the number of monomers per chain, which is 
consistent with Oosawa counterion condensation theory. In addition, macromolecular 
nature of highly charged Na-PSS induces ordering of polymer chain at larger 
interparticle distances which appears in the form of damped oscillatory depletion forces. 



Indeed the total forces between the surfaces can be predicted quantitatively by 
superimposing oscillatory depletion and EDL forces. 
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Surface forces and friction mediated by self-assembled polymer spheres, worms, 
and hollow spheres 

Julia Bartenstein2, Steven P. Armes1, Wuge H. Briscoe2, wuge.briscoe@bris.ac.uk. (1) 
Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (2) School of Chemistry, 
University of Bristol, Bristol, United Kingdom  

Interfacial polymer layers can be carefully orchestrated through chemical synthesis and 
self-assembly, leading to controlled geometries and sophisticated structural hierarchy, 
readily tailoring interfacial properties and inter-surface forces. 
 
Using a surface force apparatus (SFA), we have measured interactions mediated by 
positively charged polymer nanoassemblies of different geometries and dimensions, 
including small and large spherical polymer micelles (~30 and 200 nm in diameter 
respectively), cylindrical polymer micelles (~25 nm in diameter and 200 nm in length), 
and polymersomes (hollow spheres ~200 nm in diameter), self-assembled from 
(poly(glycerol monomethacrylate) + quaternized poly(2-(dimethylamino)ethyl 



methacrylate))-poly(2-hydroxypropyl methacrylate). We find that the polymer worms 
formed a surface layer with the polymer assemblies partially protruding into the solution, 
giving rise to a long range repulsion. Our results show that the hollow polymer spheres 
(polymersomes) adsorbed weakly on the surface, and were expelled out the confining 
surfaces. Remarkably, the charged polymer spheres remained adsorbed on the surface, 
displaying stupendous structural integrity and sustaining pressures comparable to those 
under physiological conditions, mediating extremely effective lubrication, with a friction 
coefficient < ~10-4. 
 
These unprecedented results facilitate a discussion on the correlation between the 
geometry and surface charge density of the polymer assemblies, their surface 
adsorption and interfacial conformation, and the surface forces and friction they 
mediate. 
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Surface forces mediated by pH-responsive polymers 

Alexander G. de Bruin1,2, alex.debruin@bristol.ac.uk, Tim Snow1, Wuge H. Briscoe1. 
(1) School of Chemistry, University of Bristol, Bristol, United Kingdom (2) Bristol Centre 
for Functional Nanomaterials, University of Bristol, Bristol, United Kingdom  

Stimulus-responsive polymeric nanomaterials have grown in popularity in recent years 
with a plethora of applications. Accordingly, several theoretical approaches have been 
applied to describe the polymer behaviour in response to external stimuli, such as 
conformational change when certain polyelectrolytes are exposed to solutions of 
different pH. While simulations are increasingly accurate in their descriptions of real 
systems, fundamental studies directly measuring the forces between surfaces laden 
with pH responsive materials are limited. 
 
In this study, a proposed model system to study pH Response, poly(acryloyl valine) 
brushes [1], has been synthesised on muscovite mica substrates functionalised with a 
novel polymeric macroinitiator, and the thin film structures of the polymer brushes were 
characterised by both Soft Resonant X-Ray Reflectometry (SoRXRR) and X-Ray 
Reflectometry (XRR) using a unique "Bending Mica" method [2]. Building on previous 
Surface Forces Apparatus experiments [3], we have measured pH-dependent surface 
forces, adhesion and lubrication mediated by the grafted polymer brushes. The force-
distance profiles have been fitted according to the Pincus description [4] of 
polyelectrolyte brushes, providing new insight into the pH response of polyelectrolytes. 
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It is now well established that friction and in partiular lubrication forces can be finely 
controlled by the composition of the interfacial film separating two sliding surfaces. As a 
lubricant, water has demonstrated the exceptional capacity to maintain a close-to-bulk 
viscosity up to almost 2 nm of confinement . In presence of adsorbed ions, the 
lubricating properties of water are found to be even more exceptional with friction 
coefficient as low as 10-4 under subnanometer confinement. Under certain 
conformations, polymers have also demonstrated such capacity to lower the friction 
coefficient of sliding surfaces. Zwiterionic polymer brushes, for example, have been 
shown to lower the friction coefficient down to 10-4 under normal pressure as high as 7 
MPa. 
If both water and polymer mediated lubrication forces have been extensvely 
investigated separately, their common action is much less explored even though it is 
ubiquitous in nature. In this presentation we will show how surface hydration mediated 
by adsorbed ions can modifiy the lubrication forces of adsorbed polymer layers in a very 
subtle way. We will show that the interaction of polymers with surface hydration layers is 
a strong determinant of their lubrication properties. 

CSSS 158 

Chain bridging contributions to polyelectrolyte brush conformations and 
interactions in the presence of multivalent ions 

Blair K. Brettmann1, bbrettmann@uchicago.edu, Philip Pincus3, Matthew V. Tirrell2. (1) 
Institute for Molecular Engineering, The University of Chicago, Chicago, Illinois, United 
States (2) IME, University of Chicago, Chicago, Illinois, United States (3) The University 
of California Santa Barbara, Santa Barbara, California, United States  

Polyelectrolyte brushes are critical materials for surface modification, used for 
applications ranging from promoting lubrication between surfaces to colloidal 
stabilization. The conformation of the brush and the manner in which it interacts with a 
nearby brush are essential to understand for successful application of these materials. 
The dense tethering of the polymer chains leads to electrostatic and steric repulsion that 



drives stretching of the chains away from the surface, while the presence of charge-
compensating counterions in the brush provides further complex interactions and drives 
much of the unique performance of the polyelectrolyte brushes. This behavior is well 
understood both theoretically and experimentally for polyelectrolyte brushes in the 
presence of monovalent counterions, but in the presence of multivalent counterions, the 
brush has been shown to undergo a sharp collapse to a significantly lower brush height 
with increasing multivalent ion concentrations. Previous surface force experiments in 
our group on opposing polyelectrolyte brushes in the presence of multivalent 
counterions have also shown an attractive force between the brushes as they are pulled 
apart. Both the sharp collapse and the attractive forces indicate that there is an 
attractive interaction between separate polyelectrolyte chains, which is expected to be 
the bridging of polyelectrolyte chains by the multiple charges of multivalent ions. Using 
an energy balance approach, we introduce the bridging interaction to current theoretical 
models of polyelectrolyte brushes, examining the effect of the interaction on the 
conformation of the brush during collapse and the forces between opposing brushes. 
The addition of a parameterized phenomenological term to represent bridging to the 
sum of electrostatic, polymeric and entropic mean field terms leads to a theoretical 
representation of the system that captures the first order collapse of the polyelectrolyte 
brush and observed brush behavior in the presence of multivalent ions. Considering the 
bridging effect is essential to understanding the behavior of polyelectrolyte brushes in 
biological and industrial applications, and may lead to the use of multivalent ions as a 
tuning parameter for new stimuli-responsive surfaces. 
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Amorphous calcium carbonate (ACC), one of the most popular minerals studied in the 
scope of biomineralization, has been recognized to be a precursor, after aggregating to 
a critical size, of crystalline calcium carbonate phases that are more energetically 
stable. Counterintuitively, ACC has been shown to be stored for long time for the 
subsequent formation of new tissues and even to be the final phase in various 
organisms. The fate of ACC in solution is determined by the interplay among the 
surface properties of ACC, organic additives and solution conditions. An overall 
attractive interaction between ACC nanoparticles leads to aggregation and brings forth 
the subsequent transformation to other stable polymorphs, while the colloidal stability of 
ACC particles can be attributed to either the hydration repulsion or steric repulsion in 
the absence or presence of organic additives, respectively. 
In this study, we investigate the mechanism underlying the stability of ACC 
nanoparticles in solution as a function of organic additives, ion concentration and pH by 
employing Atomic Force Microscopy (AFM) and Small angle and wide-angle X-ray 



scattering (WSAXS). The synthesis of ACC both in aqueous solutions for SWAXS and 
on substrates for AFM is confirmed with FTIR spectroscopy. AFM force spectroscopy is 
used to collect normal force vs. distance curves to elucidate the interaction forces, both 
DLVO and non-DLVO forces, between ACC nanoparticles and AFM imaging to 
elucidate the adsorbed organic layers and hydration layers, and the surface roughness 
of ACC. WAXS reveals how intraparticle packing of ACC evolves and how the 
interparticle separation shrinks during its transformation into crystalline phases at 
different q range, while the particle size and shape as well as the polydispersity of the 
system is conveyed in the SAXS regime. 
The results from AFM and from WSAXS obtained in parallel systems are combined to 
comprehensively understand how the ACC interfacial properties and interaction forces 
influence the colloidal stability of ACC nanoparticles in solution under the investigated 
variable conditions. Our study of both the mechanism leading to a stable ACC phase as 
the final calcium carbonate polymorph reserved in organisms, and the mechanism 
destabilizing ACC and therefore triggering its crystallization will shed light on the 
elucidation of the various biomineralization pathways found in nature where ACC is 
involved. 
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Liquid solutions with high concentrations of electrically charged ions are key elements of 
many energy storage technologies and are prevalent in biology. Nevertheless, they 
remain poorly understood. In this talk, we discuss our work on ionic liquids — liquids 
composed solely of ions — with the goal of providing a general picture of concentrated 
ionic solutions. Using surface force measurements, we show that, surprisingly, less than 
0.1% of the ions in ionic liquids are “free” to contribute to electrostatic screening, with 
the remainder “stuck” as neutral aggregates. Notably, increasing the temperature 
significantly increases the concentration of effectively free ions, demonstrating that 
thermally activated charge fluctuations in ionic liquids take on the role of ions in 
traditional dilute electrolyte solutions. We conclude by proposing a novel way of 
envisioning concentrated ionic solutions with wide-ranging implications, such as guiding 
the molecular level design of high-performance ionic liquids and underwater 
bioadhesives. 
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Understanding wettability of immersed solids is important for many applications, such as 
multiphase flow in pipes and porous media, enhanced oil recovery, underwater 
adhesives, and bacterial and protein attachment on solid surfaces. Significant research 
efforts have been carried out to characterize wettability of low-energy surfaces like 
polymers and coatings exposed to air, and to a lower extent under immersed conditions. 
However, little attention has been paid to immersed high-energy surfaces and no 
models have been developed to predict their wetting behavior. In this work, the wetting 
behavior of glass, mica, stainless steel and PTFE immersed in isopropyl alcohol (IPA) 
solutions equilibrated with toluene was determined by contact angle measurements of 
toluene drops through the inverted sessile drop method. Contact angles were tracked 
for one hour. The steady state was achieved after 20 minutes in all cases. Interfacial 
tension (IFT) between toluene and IPA solutions produce an ample range of IFTs. 
Results were plotted as IFT*cosθ vs. IFT, showing a smooth wetting transition from 
hydrophilic to hydrophobic with decreasing IFT. Mica and PTFE remained hydrophilic 
and hydrophobic respectively. In particular PTFE follows the θ=0° line, consistent with 
literature data. Neumann’s Equation-of-State (EQS), originally developed for low-energy 
surfaces exposed to air, was able to describe the trends for glass, stainless steel and 
mica, indicating that probably the solid-aqueous interfacial tension (γSW) is 
approximately constant for these systems. Neumann’s EQS offers a promising simple 
prediction tool for immersed high-energy surfaces. 

 

 
 
Wetting behavior of immersed solids at different isopropyl alcohol (IPA) concentrations 
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Contact angle, liquid film, liquid-liquid and liquid-solid interfaces in oil-brine-
substrate systems 
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Wetting is a three-phase interaction phenomenon as expressed in Young’s equation. 
Microscopically wetting is from the fluid-substrate interactions and surfaces are 
designated as lyophilic and lyophobic (fluid-wet and non-wet). Surface wettability can be 
altered by nano-patterns, nanostructure deposition, electric potentials, and chemical 
reactions. Oil-water-substrate wettability is of prime importance in most branches of 
science and technology, from biology and nanomaterials to geology and petroleum 
science. Here, we investigate the microscopic mechanisms of wettability changes by 
salt concentration in oil-water-mineral substrate systems. An oil droplet in an aqueous 
electrolytic solution next to a solid substrate surface (muscovite mica) is studied. The oil 
is a mixture of n-decane and surfactant molecules (complex oil); pure n-decane is the 
reference system (model oil). A thin water layer between oil and the substrate and the 
ionic layering regulate the oil-substrate interaction. The complex droplet attaches to the 
substrate through the polar surfactant heads and intermediate water molecules. The 
complex oil contact angle has a non-monotonic behavior: Below ∼ 1.1 NaCl wt%, the oil 
polar groups and Cl- ions compete for water molecules within the 0.5-nm thick liquid 
layer; the result is that the droplet spreading area and contact angle are reduced as salt 
concentration increases. Above ∼ 1.1 NaCl wt%, a water layer thicker than 0.75 nm 
allows surfactant molecules to expand on the thin liquid layer giving as a result an 
increase of contact angle as salt concentration increases. In the model oil droplet, the 
contact angle decreases monotonically as a function of salt concentration. Ions adsorb 
unsymmetrically on the substrate and promote water adsorption into the water layer. 
Ionic adsorption is higher away from the droplet than under the droplet. Our 
investigation by molecular dynamics simulations and our results are in agreement with 
experimental measurements. 

 

 



 
Snapshot of the water layer confined between oil and the substrate. Density profiles of decane 
Cd, water Ow and surfactant head Os at confinement region. 
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There is a growing interest in trapping liquid inside a microchannel to create isolated 
nanolitre chambers, much like a multi-well plate system, for applications in diagnostics, 
drug discovery, reaction engineering and material synthesis. The compartmentalization 
of the liquid chambers at small length scale enables large number of parallel 
experiments in a high concentration environment. In this work, we develop a method to 
trap oil around oleophilic obstacles by sequentially injecting oil and water in a 
microfluidic channel. We present a simple geometrical approach to explain the 
experimentally observed evolution of water/oil interface as it flows over the obstacle. 
Our model provides an analytic solution of the interface evolution, and successfully 
predicts the dependence of pinching off position and the amount of trapped oil with the 
obstacle contact angle. We also show that our model can be extended to two posts 
where we are able to successfully predict the critical distance for the formation of a 
liquid bridge. We further demonstrate effects such as interface pinning by using 
obstacles of different shapes. 
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Transport of self-emulsifying systems through unsaturated porous media 
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Emulsified oil transport through porous media is important for many applications, 
particularly enhanced oil recovery (EOR). Previous work focused on developing 
surfactant formulations displaying ultralow interfacial tension (IFT) to facilitate oil 
emulsification/mobilization. However, little attention has been paid to wettability changes 
or drop-solid interactions. Our results, consistent with previous literature, show that 
large changes I wettability occur around the phase inversion point (PIP). The approach 
to the PIP was characterized via the hydrophilic-lipophilic-difference (HLD) framework. 
To assess the role of IFT and wettability changes around the PIP on the transport of 
emulsified oils through porous media, combined flooding-imbibition experiments were 
performed on dry-packed sand columns where toluene emulsions were injected into the 
porous media. It was determined that the low IFT and intermediate wettability obtained 



at the PIP favoured the “coating” of otherwise clean particles by toluene. These 
observations were further interpreted in light of an “adhesive” Capillary number that 
include both, the role of IFT and contact angle within the term and helps explain the 
conditions where the emulsified oil is either deposited, transported, or removed from the 
porous media. This framework was used to design a method to remove highly viscous 
bitumen oil from packed oil sand using an emulsified solvent injection method. 
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Breakup of oil-particle clusters in simple shear 
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The low-Reynolds number breakup and separation of oil from oil-particle clusters at very 
high solid volume fraction, with relatively large particles under simple shear was studied 
systematically. The study of oil-particle clusters undergoing shear is relevant to 
understanding the recovery of oil from oil sands; hence, the solid volume fraction used 
in this study is close to that of Alberta oil sands (≈72%), and bitumen was used as the 
oil phase. Using high speed video microscopy, and still micrographs after shear we 
observed that when the cluster is sheared, the oil that binds the particle deforms and 
ruptures; hence the cluster disintegrates into secondary clusters. The secondary 
clusters may further breakup into smaller ones depending on the physical properties of 
the system. Different modes of breakup were observed depending on the viscosity ratio 
of the oil to the continuous phase and the interfacial tension between them. Therefore, 
the breakup of oil-particle clusters, and the separation of oil from the clusters can be 
characterized by the viscosity ratio and the capillary number. There is a critical capillary 
number for a given viscosity ratio, beyond which the cluster becomes unstable and 
breaks up. The use of this critical number to design oil-particle separation processes will 
be discussed. 
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Adsorption mechanism and management of a polysaccharide biopolymer on 
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Polymers are widely used to improve the oil recovery from reservoirs. One of the main 
issues with injection of polymers is their potential adsorption over reservoir rock 
surfaces which can greatly alter the permeability of the reservoir in addition to the 
increased cost of the project due to the loss of polymer. This study focuses on 
understanding the adsorption characteristics of a newly proposed biopolymer 
“Schizophyllan” for application in high temperature (120°C) and high salinity (250 g/l) 
carbonate reservoirs. 
 
The effect of adsorption parameters such as mineral type (Calcite, Dolomite, Kaolin, 
Silica, and Carbonate Reservoir Rock), salinity, background ions, urea and temperature 
on adsorption is investigated to understand the mechanism of adsorption. Moreover, the 
effect of adsorption on the polymer molecular weight and molecular weight distribution 
is also studied. 
 
We find that adsorption capacity decreases with salinity and temperature. Out of the 
four minerals, the maximum and minimum adsorption were observed on Calcite and 
Kaolin, respectively. The adsorption on carbonate reservoir rocks was low compared to 
pure calcite rocks due to the non-carbonate traces present in the former one. 
 
The presence of urea in brine increases adsorption indicating the role of hydrogen 
bonding in the adsorption mechanism. In contrast, the presence of NaHCO3 in the brine 
lower the adsorption due to the change of the carbonate surface charge from positive to 
negative by NaHCO3. 
 
To the best of our knowledge, this is the first detailed study on the adsorption 
characteristics of Schizophyllan over minerals. The decrease in adsorption with 
increase in salinity, presence of small concentration of other salts and increase in 
temperature can be very important for adsorption management for the use of 
Schizophyllan in enhanced oil recovery applications. 
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Molecular thermodynamic modeling of surfactant adsorption at fluid-solid 
interface 
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Adsorption of surfactant molecules at fluid-solid interface is ubiquitous in many industrial 
applications ranging from ore flotation to pharmaceutical. One can change 
hydrophobicity of solid surface by controlled adsorption of surfactant at solid surface; a 
technique for stabilization of colloidal dispersions. In some processes, adsorption is not 
desirable e.g. enhanced oil recovery where surfactant injection is beneficial if adsorbed 
at fluid-fluid interface not at the porous media surface. Theoretical modeling of the 
adsorption process help us to design surfactant molecules and change solid surface 
properties in a way that the process is most efficient. In this study, adsorption of ionic 
surfactants on oppositely charged surfaces and nonionic surfactants on hydrophilic 
surfaces are modeled using molecular thermodynamic approach. The adsorbed layer 
may contain surfactant molecules as monomer, in monolayer and bilayer structures. 
The ionic surfactant molecules and charged substrate interacts among and with each 
other through electrostatic and dispersion forces. The dominant driving forces are 
attractive electrostatic and hydrophobic interaction of the tails. For nonionic surfactant, 
there is no electrostatic interactions. The only driving force emerges from the difference 
in interfacial tensions of surfactant-solid and water-solid complexes. We also consider 
enthalpy of interaction and entropy of mixing among different adsorbed structures, 
monomers and empty surface sites where no molecule is adsorbed on the solid surface. 
The chemical energy of the adsorbed layer is obtained using different energy 
contributions and then we consider equilibrium between the surfactants in adsorbed and 
bulk phase. Our results show the coexistence of all structures, however, only one is 
dominant in a specific range of concentrations, in agrrement with four-region model for 
ionic surfactants. We predict adsorption isotherms for sodium dodecyl sulfate on 
alumina and polyoxyethylene alkyl ether on silica surface. Our model successfully 
predicts experimental data. 
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aerosolized lipid dispersions 

Amy Z. Stetten3, astetten@andrew.cmu.edu, Grace Moraca3, Stephanie A. Tristram-
Nagle3, Timothy Corcoran4, Stephen Garoff3, Todd M. Przybycien2, Robert D. Tilton1. 
(1) Dept Chemical Eng, Carnegie Mellon Univ, Pittsburgh, Pennsylvania, United States 
(2) Chemical Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United 
States (3) Physics, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States 
(4) Dept. of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania, United States  

It has long been known that drops of conventional surfactant solution induce Marangoni 
flows at air-liquid interfaces. These surfactant drops create a surface tension gradient, 
which causes a convective flow at the fluid interface outward from the region of 
deposition. In this work, we show that aqueous phospholipid dispersions may be used 
for this same purpose. In aqueous dispersions, phospholipids tend to aggregate into 
vesicles that are not surface-active; therefore, drops of these dispersions do not initiate 
Marangoni flow. However, we find evidence that aerosolization of these dispersions 
causes the vesicles to shear open, allowing access to the surface-active lipid monomer 
within. This lipid monomer does have the ability to induce Marangoni flow. We 
hypothesize that lipids released from sheared vesicles are stored on the surfaces of 
individual aerosol droplets and create localized regions of low surface tension when 
deposited directly onto a fluid interface. Deposition of lipid monomer via aerosolization 
leads to surface pressures as high as 71 mN/m (surface tensions near 1 mN/m) after 
deposition on water. This deposition can even cause spreading on entangled polymer 
subphases with initial surfaces tensions as low as 34 mN/m. With the ability to use 
phospholipids naturally found in the lung as spreading agents on low surface tension 
surfaces of macromolecular solutions, this method may be able to improve surfactant-
driven delivery of therapeutic agents along the complex airway surfaces in the lung. 
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Liquid crystals from spherical particles 
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Assembly of particles to generate complex ordered structures is desirable for several 
applications. Several liquid crystalline mesophases are formed by the self-assembly of 
surfactants, block copolymers and nanoparticle telechelics. The commonality among 
these mesogens is the presence in each molecule of two incompatible groups attached 
by a chemical bond. While hard anisotropic particle also can form mesophases, it is well 



established that spherical hard particles cannot. Here we propose that anisotropy in the 
particle shape is not necessary to form liquid crystal (LC) phases in binary mixture of 
soft spherically symmetric particles. We demonstrate that these binary mixtures can 
form the same mesophases as surfactants and block copolymers. The formation of 
mesophases requires the balance of repulsive and attractive forces acting between 
particles. We introduce a strong attraction between the particles by keeping the strength 
of attraction between unlike particles stronger than between like particles. The repulsion 
between the particle is implemented by keeping the closest distance of approach 
between the unlike particles larger than the distance between like particles. The 
lamellar, hexagonal and gyroid phases shown in Figure 1 are easily nucleated from the 
isotropic mixture in molecular dynamics simulations. Our model demonstrates a novel 
approach to produce mesophases without anisotropy and without the use of 
incompatible groups within the same molecule. The nucleation of these phases occurs 
in small simulation time scales suggesting a small energy barrier for nucleation, which 
should make these materials good candidates for applications in which a fast structural 
response or phase transformation is required. We propose that these mesophases can 
be realized through a binary mixture of DNA-coated particles with complementary 
sequences that mimic the conditions used in our model. 

 

 
 
Figure 1: Structures of Lamellar, Gyroid and hexagonal phases are shown in this picture which 
are formed at different mole fraction of A, XA=0.5, 0.66 and 0.75 respectively. Red and blue 
denotes particle A and B respectively. 
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Influence of particle anisotropy on cluster rigidity and rheology of colloidal gels 
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Colloidal gels are a class of soft materials having interesting technological applications. 
Many of these exploit the reversible solid to liquid transition of weakly flocculated 
suspensions, typical of thixotropic materials. Even tough such complex flow behavior is 
widespread in a number of consumer products and industrially relevant systems, the 
changes in microstructure underlying thixotropy remain poorly understood. Recent 
scaling arguments propose a dependence of the mechanical properties of gels under 



flow on subpopulations of rigid, isostatic clusters of closely packed particles. Such a 
scaling does not rely on fractal geometry or glassy dynamics, which only take into 
account ensemble averaged descriptors and are therefore insensitive to highly localized 
events, which may determine the rheological response. 
In this work, we intend to test and expand on these ideas of cluster rigidity, by varying 
the packing behavior in gels changing the particle aspect ratio slightly. We also aim at 
clarifying the role of microstructural gel anisotropy upon flow, so far neglected in current 
modeling efforts, whose relevance is confirmed by superposition rheometry 
measurements. We find mechanical anisotropy in a model colloidal system for 
thixotropy, with a difference between elastic moduli in axial and rotational direction of up 
to 2-3 orders of magnitude. 
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Growing interest in designing novel nanostructures and functional nanocarriers lead to 
search for surfactants playing role of stabilizers for these nanosytems. This report 
presents the results of our studies on surfactant–oil–water systems containing a) 
different ratios of dicephalic surfactants: 1,1-bis{[3-(N,N-
dimethylamino)ethyl]amido}alkane-di-N-oxides, N,N-bis[3,3'-
(dimethylamino)propyl]alkylamide-di-N-oxides and single-tail single-head type 
analogues; 2-(alkanoylamino)ethyldimethylamine-N-oxides, and 3-(alkanoylamino) 
propyldimethylamine-N-oxides, b) isooctane, isopropyl myristate and glyceryl 
monocaprylate as the oil phase (o) and c) the water phase (w). 
Transmission Electron Microscope (TEM) used for characterize morphology of the 
obtained nanoemulsions revealed the spherical shape, whereas dynamic light scattering 
(DLS) showed the particle sizes in the range 60-200 nm and size distributions PdI lower 
than 0.2. Kinetics stability studied by multiple light scattering (MLS) technique indicated 
that the nanoemulsion o/w containing isopropyl myristate as oil exhibited the highest 
stability. 
Electron Paramagnetic Resonance (EPR) spectroscopy – spin probe technique was 
applied for a full understanding of local microenvironment within the emulsion 
aggregates. Using a variety of spin probes for monitoring their various locations in the 
nanoemulsions it was possible to determine the local microviscosity, micropolarity and 
order parameter [1]. The results of our study have important impact on design and 
utilization of nanoemulsions in cosmetics, household care as well as delivery systems. 
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Anacardic acids (AAs) are alkyl phenol present in the cashew (Anacardium occidentale 
Linn.), a tropical tree found in Brazil, India and east Africa. AAs have strong antibacterial 
activity against Gram + bacteria and cytotoxic activity against certain tumor cell lines e.g 
breast cancer and cervical cancer [1]. The main goal of the present study was to 
determine the localization of anacardic acid in formulations containing 6% [w/w] self-
emulsifying cetearyl olivate, sorbitan olivate derived from olive oil. The obtained 
structures of liquid crystals with dimensions 50 -140 nm showed interesting architecture 
and were characterized by TEM techniques. Moreover, electron paramagnetic 
resonance spectroscopy and differential scanning calorimetry were used to determine 
its localization, interactions with other components and effects on thermotropic 
properties of liquid crystals in emulsion. Cytotoxicity evaluations of 0.5% [w/w] AA-
loaded formulations on Hs 294T and A-375 melanoma cells indicated strong correlation 
between the activity and the localization of the active compound. 
 
1. Hemshekhar, M. et al. Basic & Clinical Pharmacology & Toxicology 2012, 110, 122–
132. 
 
Project supported by Wroclaw Centre of Biotechnology, programme The Leading 
National Research Centre (KNOW) for years 2014-2018. 
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Transferrin conjugated polymeric nanomedicine for targeting Pancreatic cancer 
using paclitaxel and gemcitabine 

Aniket P. Gad1, aniket_gad@student.uml.edu, Michael J. Tilton3, Brandon Piel4, 
Prakash Rai2. (1) Biomedical Engineering and Biotechnology, University of 
Massachusetts Lowell, Lowell, Massachusetts, United States (2) Department of 
Chemical Engineering, University of Massachusetts-Lowell, Lowell, Massachusetts, 
United States (3) University of Massachusetts Lowell, Lowell, Massachusetts, United 
States  



Pancreatic cancer (PanCa) has dismal prognosis with a 5-year survival rate that is 
under 5%. Gemzar® (gemcitabine HCl) is a chemotherapeutic drug that has been used 
to treat PanCa. Factors contributing to the poor prognosis of PanCa include both 
intrinsic and acquired chemoresistance to gemcitabine. A combination of Abraxane® 
(albumin-bound paclitaxel) with gemcitabine has shown survival benefits and has now 
become the first line treatment for PanCa. Desmoplasia is a fundamental characteristic 
of PanCa that contributes significantly to its chemoresistance, making drug delivery to 
PanCa cells difficult. Nanomedicines combining multiple drugs can be designed to 
overcome this hurdle. This project thus aims at developing a targeted nanomedicine by 
using a combination of gemcitabine and paclitaxel encapsulated in polymeric 
nanoparticles for the treatment of PanCa. Single emulsion technique was employed for 
the preparation of poly (lactic-co-glycolic acid) (PLGA) nanoparticles encapsulating 
gemcitabine and paclitaxel. Preparation protocols yielded drug loaded PLGA 
nanoparticles with an average diameter less than 200 nm, with encapsulation 
efficiencies ranging from 40% to 70%. In vitro tests for cell viability studies implementing 
the MTT assay demonstrated lower cell viability in AsPC-1 cells treated with these 
nano-formulations as compared to their free-drug counterparts. Current work includes 
conjugating these nanoparticles with transferrin peptide for targeted therapy, which is 
expected to prove more efficacious when tested for cell viability in vitro than its non-
targeted formulations that have been obtained. These results therefore certify this 
nanotherapeutic approach as a potential therapy for PanCa. 

 

 
 
MTT assay results displaying cell viability for different free-drug and nanoparticle formulations. 
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Transport modeling of ellipsoidal colloids with surface charge heterogeneity in 
porous media 

Ke Li, u0884302@utah.edu, Huilian Ma. Geology and Geopysic, University Of Utah, 
Salt Lake City, Utah, United States  

Studying colloids transport helps cleanse groundwater from contaminants (e.g. heavy 
metal) and is relevant to produce safe drinking water. Most previous research used 
effective sphere to represent nonspherical shape and assumed a homogeneous surface 
charge based on a mean-field approximation, while almost all natural colloids, either 
biological or non-biological origin, are anisotropic in nature, possessing varied degrees 
of surface heterogeneities and non-spherical in shape. Thus, we proposed to examine 
the deposition dynamics of nonspherical colloids with surface charge heterogeneity. 
Attachment of anisotropic colloids is predicted via simulations of colloid trajectories.The 
trajectories, including translation and rotation, of ellipsoidal particles are evaluated 
based on a Lagrangian analysis of the forces and torques acting on the particle. In order 
to incorporate the effects of surface charge heterogeneity, a grid surface integration 
(GSI) technique will be employed. The interactions between the discretized elements 
from particle surface and collector surface will be calculated and integrated to obtain the 
overall interaction between the particle and the collector surface. 
In order to incorporate the effects of particle shape on deposition, both particle 
translation and orientation are tracked. Briefly, from equation of motion, integrating all 
the forces acting on a particle will yield linear particle velocity – translational motion; 
simultaneously analyzing all the torques acting on the particle will provide particle 
angular velocity. Simulations has also incorporated a range of colloid surface charge 
heterogeneity pattern or coverage (e.g., ~1/8 of sphere surface, ½ of sphere surface, 
and a longitudinal band). Model results are validated by generally accepted filtration 
theory, and a few findings are worth noticing. 
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Treatment of emerging contaminants using advanced oxidation processes 

Gopal Achari, gachari@ucalgary.ca. Civil Engineering, University of Calgary, Calgary, 
Alberta, Canada  

Traditional water and wastewater treatment facilities are designed to remove 
conventional pollutants such as suspended solids, human and animal waste, some 
dissolved material and pathogenic microbes. However, industrialisation and growth has 
led to the development of a large number of new chemicals that are posing to be a 
threat to the water bodies. These new contaminants known as Emerging Contaminants 
or Contaminants of Emerging Concern are a group of contaminants that comprise 
pharmaceuticals and personal care products (PPCPs), pesticides, household chemicals 
such as cleaning agents, fire retardants, animal medicines and others. In the absence of 



removal mechanisms, they make their way to water bodies having profound ecological 
and possibly health impacts. Apart from their direct impact, chemical components of 
many of these emerging contaminants behave as hormones leading to endocrine 
disruption. This new group of pollutants is proving to be quite a challenge for the 
water/wastewater engineers and scientists struggle with ways to deal with them. 
In this presentation, advanced oxidation as a method to treat emerging contaminant will 
be discussed. Advanced oxidation comprises of use of hydroxyl radicals generated by 
photo based treatment, photocatalysis, ozonation, UV-hydrogen peroxide and the like. 
Hydroxyl radicals are very strong oxidants and can be successfully harnessed to oxidize 
the target contaminants. The short lived nature of these radicals and the non specificity 
of the reactions also pose challenges to their application. The mechanisms of advanced 
oxidation and its effectiveness in treating certain emerging contaminants will be 
discussed. Recent advances in their application and ways to circumvent challenges will 
also be discussed. 
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A multi-technique ‘neutron approach’ to characterize branching in worm-like 
micelles (WLMs) 

Michelle Calabrese1, mcalab@udel.edu, Simon A. Rogers2, Lionel Porcar3, Norman J. 
Wagner1. (1) Chemical & Biomolecular Engineering, University of Delaware, 
Gaithersburg, Maryland, United States (2) Chemical & Biomolecular Engineering, 
University of Illinois Urbana Champaign, Urbana, Illinois, United States (3) Large Scale 
Structures, Institut Laue Langevin, Grenoble, France  

Self-assembled wormlike micelles (WLMs) are of particular scientific and technological 
interest due to their ability to branch, break, and reform under shear, which can lead to 
nonlinear flow phenomena and instabilities such as shear banding [1, 2]. As measuring 
chain branching in polymer physics is a long-standing scientific challenge, branched 
WLMs are also used as a model system for studying branched polymers. Here, we use 
multiple neutron techniques to explore the relationship between branching, 
microstructure, dynamics and nonlinear responses using a well-characterized WLM 
series where we have exquisite control over the branching [1, 3, 4]. Static small angle 
neutron scattering (SANS) is used to determine the equilibrium microstructures, and 
neutron spin echo (NSE) is performed to determine characteristic differences in the 
solution dynamics. To understand the coupling between flow behavior and molecular 
topology, we employ experimental methods that combine time- and spatially-resolved 
small angle neutron scattering (flow-SANS) and non-linear rheology [5]. Newly 
developed methods of time-resolved data analysis improve the resolution of these 
experiments by orders of magnitude [6]. The shear-induced alignment of the micelles is 
spatially and temporally characterized under steady shear, shear startup, and large 
amplitude oscillatory shear (LAOS) by flow-SANS in the flow-gradient and flow-vorticity 
planes. Additional structural signatures of branching and branch breakage are 
determined by analyzing the flow-induced orientation distribution function (ODF). This 
research employs advanced neutron techniques to determine characteristic differences 



in the flow-induced microstructure, topology and dynamics of branched WLMs, and is 
part of a broader effort to characterize branching in chemical polymers and self-
assembled systems. 
 
[1] M. A. Calabrese, et al., J. Rheol., 59, 5 (2015). 
[2] S. A. Rogers, M.A. Calabrese and N. J. Wagner, Curr. Opin. Colloid Interface Sci., 
19, 6 (2014). 
[3] B. Schubert, N.J. Wagner, and E.W. Kaler, Langmuir 19, 10 (2003). 
[4] M. A. Calabrese, et al., J. Rheol. (under review), (2016). 
[5] A. K. Gurnon, et al., J. Vis. Exp., 84 (2014). 
[6] M. A. Calabrese, N. J. Wagner, and S. A. Rogers, Soft Matter, (2016). 
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Ultra-strong graphene oxide hydrogels for water treatment: Green synthesis and 
contaminant adsorption capacity 

Nariman Yousefi, nariman.yousefi@mail.mcgill.ca, Kerwin K. Wong, Andrea Angulo, 
Nathalie Tufenkji. Department of Chemical Engineering, McGill University, Montreal, 
Quebec, Canada  

Due to its exceptionally high specific surface area and abundance of oxygen containing 
functional groups, graphene oxide (GO) has garnered considerable attention as a high 
performance sorbent for dyes, heavy metal ions, oils and organic solvents from 
contaminated waters. However, recovery of GO after the decontamination process is 
difficult due to its highly stable nature in aqueous environments. Thus, self-assembly of 
GO sheets into porous 3D macrostructures such as hydrogels has been explored as a 
technique to exploit their high adsorptive potential while facilitating easy recovery from 
treated water. Still, forming mechanically robust hydrogels with acceptable adsorption 
capacities has been a significant challenge. We report a green method for preparation 
of ultra-strong GO hydrogels at low pressure and temperature using vitamin C (VC) as a 
natural cross-linker. The structure and chemical compositions of the hydrogels are 
examined using a variety of microscopy and spectroscopy techniques. We demonstrate 
that hydrogels with high storage moduli can be used to effectively remove model dyes 
such as methylene blue, heavy metal ions such as Cu2+ and Cd2+, and emerging 
contaminants such as diclofenac, sulfamethoxazole and 17-α-ethynylestradiol from 
aqueous solutions. VC content was systematically adjusted to obtain a hierarchical 
porous structure where the well-structured larger pores act as a robust scaffold, while 
the smaller pores provide an abundance of active sites for contaminant adsorption. 
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Dual contrast colloids with engineered acoustic and magnetic responses for 
bioanalytical applications 



Korine Ohiri2,3, korine.duval@duke.edu, Benjamin A. Evans4, Wyatt Shields1,3, Robert 
A. Guitiérrez5, Nick J. Carroll1,3, Benjamin B. Yellen2,3, Gabriel Lopez6,3. (1) Biomedical 
Engineering, Duke University, Durham, North Carolina, United States (2) Mechanical 
Engineering & Materials Science, Duke University, Durham, North Carolina, United 
States (3) NSF Research Triangle Materials Research Science and Engineering Center, 
Durham, North Carolina, United States (4) Physics, Elon University, Elon, North 
Carolina, United States (5) Biomedical Engineering, University of California- Irvine, 
Irvine, California, United States (6) Chemical & Biological Engineering, University of 
New Mexico, Albuquerque, New Mexico, United States  

Smart colloidal particles that can be remotely manipulated are routinely used as carriers 
for biological molecules, fluorescent reporters, cells, and other target analytes in 
microfluidic assays for sample preparation and detection. Particularly, separation with 
magnetic colloids is currently the state- of- the- art mechanism for labeling and isolation 
of biological samples. This well-understood method has had far reaching implications in 
a variety of research efforts, including single-cell manipulation and templating on 
magnetophoretic arrays, negative and positive selection for de-bulking cell solutions, 
and establishing cell cultures for fundamental in vitro studies. Despite significant 
benefits such as low cost, ease of use, accessibility, and broad applicability of magnetic 
manipulation, aqueous separation and trapping for this mechanism is achieved by 
exerting a singular force on only magnetically responsive materials and have little 
impact on non-labeled or weakly diamagnetic materials. This causes difficulty 
separating magnetic targets from each other (e.g. multiplex targeting, de-bulking 
unbound biosensors) or concentrated non-magnetic solutions (e.g. whole blood 
separation) and can lead to entrainment of contaminating species in collection ports or a 
decrease in throughput of the separation mechanism. Acoustic separation, however, 
overcomes this limitation by applying a differential force on particles or cells in 
suspension based on their inherent mechanical properties, or acoustic contrast factor. 
Here, we demonstrate for the first time a unique class of colloidal particles that display 
both positive magnetic contrast and negative acoustic contrast. This dual functionality 
allows for bimodal spatiotemporal control of particles, enabling multiple separation 
modalities and increasing the applications of colloidal beads for microfluidic assays. 

 



 
 
Figure. Overview of magneto-elastomeric particles. Scale bars are 100 microns. 
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Using magnetic levitation to build metal-amplified density-based biosensors 

Anand Subramaniam2,1, Kayleigh Kresse2,1, kkresse@ucmerced.edu. (1) School of 
Engineering, Univeristy of California, Merced, Merced, California, United States (2) 
Department of Chemistry and Chemical Biology, Harvard University, Cambridge, 
Massachusetts, United States  

Detecting the concentration of biomolecules in biological fluids is critical for diagnosing 
and charting the progression of disease, for determining the safety of foods, and the 
efficacy of drugs. Biosensors are devices that detect and quantify the concentration of 
such biomolecules. Current biosensing techniques are fundamentally-limited because 
all require modern electronics to convert biomolecular binding events into a quantitative 
signal. This poster demonstrates work on developing Metal-amplified Density Assays, or 
MADAs. This novel means of biosensing works on the principle of measuring metal-
amplified changes in the density of protein-adsorbed beads using “Magnetic Levitation 
(MagLev)”. The key advantage of the density-based biosensing technique is that it 
provides a quantitative, visual signal without using instruments with moving parts and 
electricity. The visual signal, which is the levitation height, is a spatial parameter that 
can be measured unambiguously by eye by using capillaries with calibrated markings. 
We conducted a competitive immunoassay to quantify the concentration of the 
aminoglycoside antibiotic neomycin in whole milk, and a multiplexed indirect 



immunoassay with colored beads to detect antibodies against Hepatitis C virus NS3 
protein and syphilis T. pallidum p47 protein in samples of serum. 
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Functional nanoparticles and reactive latex films from thiol-Michael addition 
"click" miniemulsion polymerizations 

Chen Wang2, chen.wang-1@colorado.edu, Christopher Bowman1. (1) UCB 596, Univ of 
Colorado, Chemical Biological Eng, Boulder, Colorado, United States (2) Chemical & 
Biological Engineering, University of Colorado Boulder, Boulder, Colorado, United 
States  

Miniemulsion has been a succesful platform for producing polymeric nanoparticle 
dispersions. Herein we report the thiol-Michael addition polymerization that is 
successfully implemented in a miniemulsion polymerization system. By off-
stoichiometric polymerization between thiols and acrylates, inherently functionalized 
particles are facilely prepared in a single step. The morphology of these nanoparticles 
are confirmed by transmittance eletron microscopy, and their size and size distribution 
are determined by dynamic light scattering. As an advantage of step-growth crosslinked 
polymer over its chain-growth comparisons, these particles obtain precisly defined yet 
robustly tunable physiochemical properties. Further, we demonstrate that the latex films 
from such particles are readily available for further modification and second-stage 
photo-curing. Latex films with excess acrylate are shown to enable acrylate 
homopolymerization as a second-stage photo-curing that is useful for altering the 
mechanical behavior. We expect that these thiol-Michael nanoparticles and latex 
materials will be platforms for various applications such as drug carriers and stimuli-
responsive functional coatings. 

 

 
 
Reaction scheme of thiol-Michael addition reaction in a miniemulsion droplet and subcequent 
photo-induced homopolymerization of excess acrylates. 
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Hydrophobic light-to-heat conversion membranes for interfacial heating: Towards 
enhanced solar evaporation 



Lianbin Zhang, lianbin.zhang@gmail.com. King Abdullah University of Science and 
Technology, Thuwal, Saudi Arabia  

Water evaporation driven by solar irradiation plays a critical role in global water cycle as 
well as in many industrial processes. However, the conventional solar evaporation 
experiences high energy loss and thus low evaporation rate due to its bulk water 
heating nature. Aiming at enhancing solar-driven evaporation, herein, we propose and 
demonstrate a novel interfacial heating membrane that spontaneously stays at the 
water-air interface, collects and converts solar light into heat, and locally heats only the 
water surface. A proof-of-concept membrane is prepared by deposition of light-to-heat 
conversion material of polypyrrole onto porous stainless steel mesh, followed by 
hydrophobic modification. Our results confirm that with the membrane floating on water 
surface, a sharp local temperature gradient is generated on the water surface, leading 
to significant water evaporation rate. The study also extends the interfacial heating 
membrane into solar water distillation and contributes a solar-driven point-of-use device 
for freshwater production. 
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Uncertainty in contact angle estimates from a Wilhelmy tensiometer 

Charles W. Extrand, chuck.extrand@cpcworldwide.com. CPC, St. Paul, Minnesota, 
United States  

The uncertainty in contact angles from the Wilhelmy tensiometer were analyzed using 
standard error propagation techniques involving partial derivatives across the full range 
of wettability, from completely wetting to non-wetting surfaces. Uncertainties in force, 
sample perimeter and liquid surface tension of 1% were shown to yield uncertainty in 
contact angles of a few degrees over the middle range of wettability, but exceeded 10 
degrees at the extremes. 
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Electrical detection of single-walled carbon nanotubes hybridization with self-
assembled monolayer assisted CVD-grown graphene film 

Prashnata D. Adhikari, dhoj2@yahoo.com. Physics, Sungkynkwan, Suwon, Korea (the 
Republic of)  

A stable non-aqueous dispersion of hydrophobic single-walled carbon nanotubes 
(SWCNTs) and chemical vapor deposition (CVD) grown graphene films (G/Si) were 
produced by immobilization technique (SWCNTs-G/Si). The amine-terminated self-
assembled monolayers onto graphene film (SAMs-G) permits, leading to effectively 
enticing functionalize SWCNTs onto its surface. The characterization results noticeably 
show that no defect of graphene film after SWCNTs adsorption. In addition, having p-
type electrical properties of G/Si revealed n-type characteristics after surface 



functionalization with improved specific capacitance performance. The introduction of 
SWCNT-G hybrid in present technique could be applicable as an efficient novel route 
for device fabrication. 
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Integration of video microscopy (VM) and total internal reflection microscopy 
(TIRM) to measure the colloidal interactions 

Feng Cao, fengcao42@gmail.com, Zhaohui Wang. The Chinese University of Hong 
Kong, Hong Kong, Hong Kong  

Total internal reflection microscopy (TIRM) is a technique enabling non-intrusive 
measurements of potential energy between a single particle and a flat surface in 
aqueous system. Colloidal particles experiencing Brownian motion near the surface 
scatter light from total internal reflection. The principle of TIRM bases on monitoring the 
scattered light with photomultiplier, and the potential energy is derived from light 
intensity distribution. However, photomultiplier can only record intensity fluctuation of a 
single particle. This work involves the development of integration TIRM and video 
microscopy to simultaneously monitor single and ensemble particles. Ensemble 
average particle-surface interactions eliminate particle size polydispersity and surface 
heterogeneity. Particle positions are recorded in video taken by camera. Perpendicular 
motions can be derived from the scattered light intensities and parallel excursions are 
calculated from the scattered light positions. Since intensity saturation is a serious 
problem for camera, Gaussian function was utilized for intensity correction. MATLAB 
programs are also coded to extract three-dimensional particle trajectories, followed by 
statistical analysis to derive single and ensemble potential energy. The experimental 
energy profiles are consistent with the theoretical value provided by DLVO theory. Other 
parameters such as mean squared displacement (MSD) and diffusivity are also 
calculated from the trajectories. These comprehensive results confirm that the parallel 
colloidal particle motion follows normal diffusion, while perpendicular motion follows 
confined diffusion. 

CSSS 185 

Osmo-solidification of all-aqueous emulsion with enhanced preservation of 
enzyme activity 

Ma Qingming1,3, maqm2012@hotmail.com, Yang Song1,3, Grit Baier2, Christian 
Holtze2, Ho Cheung Shum1,3. (1) Mechanical Engineering, University Of Hong Kong, 
Hong Kong, Hong Kong (2) BASF SE, Ludwigshafen, Germany (3) HKU-Shenzhen 
Institute of Research and Innovation (HKU-SIRI), Shenzhen, China  

Encapsulation of enzymes in solidified particles via emulsion templating often induces 
an irreversible loss of activity due to the use of non-aqueous solvents and unfavorable 
solidification conditions. Herein we introduce an “osmo-solidification” approach that 



solidifies all-aqueous emulsion droplets by osmotic extraction of water for encapsulating 
enzymes with superior preservation of activity. Due to the aqueous nature of the all-
aqueous emulsion, their interfaces allow water to diffuse across; this allows the use of 
osmosis to manipulate the concentrations of the emulsion phases and further triggers 
their solidification. The driving force behind the osmo-solidification is an osmotic 
pressure gradient between the aqueous droplet and continuous phases; the osmotic 
pressure is easily tunable and the approach does not involve any additional 
components that would cause the enzymes to degrade. The whole process can be 
optimized by controlling the osmotic pressure gradient between the phases of the all-
aqueous emulsion and the molecular weight of osmolytes, such as PEG. Moreover, it 
offers a mild environment for the encapsulated enzymes with no harmful stresses 
imposed on them. To the best of our knowledge, this is the first time that osmo-
solidification of all-aqueous emulsion is introduced in the fabrication of enzyme-loaded 
emulsion-based particles and that the stability of encapsulated enzymes can be 
enhanced to an unprecedentedly high level. 
 
Reference: Osmo-solidification of all-aqueous emulsion with enhanced preservation of 
protein activity, Q. Ma, Y. Song, G. Baier, C. Holtze, H. C. Shum*, J. Mater. Chem. B, 4, 
1213 (2016). 

 

 
 
(a)Schematic of osmo-solidification process(b.d)Images of osmo-solidified particles(c.e)Plots of 
the effect of osmotic pressure gradient and the molecular weight of PEG on the osmo-
solidification process(f)Relative activity of enzymes after osmo-solidification. 
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An Integrated microfluidic device for controlled gas-liquid generation and 
manipulation of monodisperse droplets 

Pooyan Tirandazi Khalilabad, tirandazikhalilab.p@husky.neu.edu, Carlos H. Hidrovo. 
Mechanical and Industrial Engineering, Northeastern University, Boston, 
Massachusetts, United States  

Droplet microfluidics has become a versatile tool for numerous biochemical 
applications, such as polymerase chain reaction (PCR), drug delivery, and protein 
crystallization. Almost all the efforts in this regard involve the dispersion of a liquid within 
a second immiscible liquid phase (e.g. water in oil). Here we demonstrate a novel 
scheme for microfluidic generation of liquid droplets in a gaseous medium. The method 
presented herein enables the generation of monodisperse droplets in a high-speed 
gaseous microflow and subsequent collection and manipulation of the droplets in a 
second liquid medium after being generated in the gas phase, all in an integrated 
microfluidic chip. Droplets generated in this system provide new opportunities for the 
next generation of reliable and practical lab-on-a-chip based devices used in aerosol 
and aerobiology applications, where the presence of a gaseous medium is involved. 
Furthermore, the high speed droplets generated in this method, in contrast to 
conventional liquid-in-liquid generation, represent the basis for a new micromixing 
approach based on droplet pair collisions for implementation in modern LOC and μTAS 
devices. 
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Wear resistance in transparent coatings 

Kenan Song1,2, song.k@husky.neu.edu, Roberta Polak1, Khalid Askar2. (1) DMSE, 
MIT, Boston, Massachusetts, United States (2) Chemical Engineering, MIT, Cambridge, 
Massachusetts, United States  

Transparent coatings have been widely used on solar cell panels, displays, optics, signs 
and packaging. These coatings are subjected to mechanical and tribological loadings. 
As a result, wearing has become one of the most severe conditions that influence the 
optical properties. This contribution focuses on development of wear-resistant and 
transparent coatings. The thermoset/clay composite coatings have been fabricated with 
concentration up to 20 wt%. The transparency has also been examined to make sure 
the functional application will not be affected adversely. The wear resistance behaviors 
have been studied based on scratching tests using TriboIndenter, falling sand test, and 
Tabor abrasion measurements. These tests reflect and account for the nano-, micro-, 
and macro-scale anti-wear property. It has been found that the addition of nano 
particles induced higher hardness and stiffness values. The scratching volume per unit 
force has significantly decreased by around 50% in composites as compared to control 
polymer coatings. This study brings to light the development of environmentally friendly 



and cost effective coating, which is highly potential to be commercialized in industrial 
applications. 
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Simple fabrication of graphene composite microwires by drying-induced size 
reduction of hydrogel fibers 

Hyung Jun Koo2, hjkoo@seoultech.ac.kr, Sung-Kon Kim3, Paul V. Braun3, Jiung Cho4. 
(2) Chemical and Biomolecular Engineering, Seoul National University of Science and 
Technology, Seoul, Korea (the Republic of) (3) Materials Science and Engineering, 
University of Illinois at Urbana-Champaign, Urbana, Illinois, United States (4) Korea 
Basic Science Institute, Daejeon, Korea (the Republic of)  

Graphene based electrical conductors are under consideration for numerous 
applications in energy storage, energy conversion devices, electronics, medical devices 
and sensors. Here, we present a simple and general process for fabrication of graphene 
based composite microwires ranging from 20~250 um in diameter. The key mechanism 
of the process is size reduction during dehydration of extruded larger diameter 
graphene oxide-loaded agarose hydrogel fibers. The effect of agarose/water 
compositions on gel formation is investigated for reliable fiber extrusion. The graphene 
oxide is effectively reduced to graphene by chemical and thermal treatment. After 
dehydration and reduction, the resulting graphene composite microwires exhibit high 
electrical conductivities of up to 1.8 S m-1, which is comparable to or even higher than 
the values of other recently reported graphene based materials. The approach reported 
here should be generally applicable for fabrication of composite microwires containing 
other hydrophilic fillers. 
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3D printing of hierarchical ceramics 

Joseph Muth1,2, jmuth@seas.harvard.edu, Patrick Dixon4, Logan Woish3, Jennifer 
Lewis1,2. (1) SEAS, Harvard University, Cambridge, Massachusetts, United States (2) 
Wyss Institute, Harvard University, Cambridge, Massachusetts, United States (3) 
Metallurgical and Materials Engineering, Colorado School of Mines, Golden, Colorado, 
United States (4) Materials Science and Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

By controlling structure across multiple length scales, new architected ceramics with 
unique properties can be created. Specifically, we explore the ability to fabricate ultra-
lightweight ceramics via 3D printing. We will first describe the development of novel 
ceramic foam inks that enable printing of hierarchically designed materials. We will then 
demonstrate the fabrication of architected ceramics over a broad range of densities with 
hierarchical features. Finally, we will characterize their mechanical properties and 



establish a correlation between their composition, geometry, and characteristic 
feature/cell sizes. 
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Examining phase-change-induced flow in PEFC GDLs using X-ray computed 
tomography 

Andrew Shum1, Andrew.Shum@tufts.edu, Kelsey B. Hatzell2, Liam Connolly1, Xianghui 
Xiao3, Dilworth Y. Parkinson4, Odne Burheim5, Adam Z. Weber2, Iryna V. Zenyuk1. (1) 
Department of Mechanical Engineering, Tufts University, Medford, Massachusetts, 
United States (2) Energy Storage and Distributed Resources Division, Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (3) X-ray Science 
Division, Argonne National Laboratory, Lemont, Illinois, United States (4) Advanced 
Light Source, Lawrence Berkeley National Laboratory, Berkeley, California, United 
States (5) Faculty of Technology, HIST Trondheim, Trondheim, Norway  

Polymer-electrolyte fuel cells (PEFCs) require effective liquid-water management both 
during start-up and for operating at low temperatures. Water transport is key to fuel cell 
high current-density performance because waterit can fill the porous materials’ pores 
and block reactants’ access to catalyst sites. During operation, the oxygen reduction 
reaction at the cathode catalyst layer causes a large temperature gradient within the 
fuel cell in the through-plane direction. To achieve higher current densities via maximum 
water permeability, it is critical to understand the interplay between phase-change-
induced (PCI) flow, capillary-driven flow, and evaporation/condensation within PEFC 
porous media such as the gas diffusion layers (GDLs). The dependence of GDL thermal 
conductivity on liquid-water content and the redistribution of heat due to 
evaporation/condensation both add to the complexity of heat and mass transport. 
 
Evaporation and PCI flow within GDLs is poorly understood despite previous 
investigations (both models and experiments). This is primarily due to the challenge of 
in-situ experimental measurements and evaporating water front visualization. In this 
experiment, we examine water distribution as well as quantify local 
evaporation/condensation within GDLs subjected to thermal gradients using 
synchrotron-based X-ray micro computed tomography. Also presented is an in-situ set-
up which allows for precise temperature control and simultaneous water injection. 
Conditions studied include various thermal gradients and GDL material. 

 



 
 
Figure 1. In-Plane View of Saturated SGL10ba 
a) The gray-scale image is the result of reconstructing the X-ray tomography data. In it, one can 
identify pores, fibers, and water. b) The black and white image is the result of processing the 
gray-scale in order to isolate water. The locations of the hot and cold pistons are labeled for each 
image. 
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Development of chemokine-loaded thermosensitive liposomes 

Angel Rubio, ajrubio@bu.edu. Pharmacology, Boston University, Brighton, 
Massachusetts, United States  

Surgery, radiation, and chemotherapy have been primary options for cancer patients in 
the past; however, the recent emergence of immunotherapy has revolutionized the 
treatment paradigm for cancer. Cancer immunotherapies employ the patients’ immune 
system to recognize and fight cancer, but recruiting immune cells to tumors specifically 
and in adequate numbers is a significant challenge. To address this obstacle, we 
propose to employ thermosensitive liposomes for delivering chemokines to the tumor 
microenvironment. Upon thermal triggering, liposomes that have accumulated within the 
tumor space will release entrapped chemokine to establish a local gradient and recruit 
immune cells to the tumor site. Although loading small molecules into liposomes with 
high efficiency has been accomplished, effective protein loading into liposomes still 
remains quite challenging. We have successfully developed a process for efficiently 
loading chemokines into thermosensitive liposomes. Specifically, we have achieved an 
encapsulation efficiency as high as 21% into 200 nm liposomes. Complete release of 
chemokines from liposomes is accomplished upon heating at 42 οC for at least 30 



minutes. We have evaluated the efficacy of this chemokine delivery strategy by 
performing in vitro transwell migration assays under tightly controlled heating conditions. 
The development of chemokine-loaded thermosensitive liposomes is not only useful for 
cancer immunotherapies, but also opens up multiple avenues for protein therapeutics. 
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Fabrication of free standing platinum nanoelectrode array by atomic layer 
deposition for polymer electrolyte membrane fuel cell electrodes 

Dinesh Chandra Kumar C. Sabarirajan, dinesh.sabarirajan@tufts.edu, Iryna V. 
Zenyuk, Robert D. White, James Vlahakis. Department of Mechanical Engineering, 
Tufts University, Me, Massachusetts, United States  

Polymer electrolyte fuel cells (PEFCs) are high power-density energy-conversion 
devices with zero tail-pipe emissions. To achieve broad commercialization several 
technological hurdles need to be resolved. These primarily include the high cost 
associated with the use of Pt as and electrocatalyst in the electrodes, and durability 
problems due to carbon corrosion. PEFCs’ conventional carbon-supported platinum 
(Pt/C) electrodes use 0.25 mg/cm2 of Pt loading, whereas the set target for 2020 by the 
U.S. Department of Energy (DOE) is 0.125 mg/cm2. Non-conventional thin-film 
electrodes prepared by atomic layer deposition (ALD) are a promising alternative to 
conventional designs. In the ALD process, monolayers of Pt are deposited onto the 
substrate by dissociative chemisorption in a self-assembling reaction. Here, we propose 
a novel ALD thermal exposure mode to deposit Pt nanostructures onto a sacrificial 
anodized aluminum substrate. Thermal exposure mode provides additional time for the 
reactions in the ALD chamber and allows higher penetration of the precursor into the 
substrate. We have demonstrated the feasibility of long free-standing structures (6-8 
μm), as shown by Figure 1. In this presentation we will report detailed electrochemical 
characterization (electrochemical surface area, polarization curves, cyclic voltammetry) 
of these nanoelectrode arrays built into a PEFC’s membrane electrode assembly. 
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Figure 1 - a) Cross-section and b) in-plane SEM images of Pt nanoelectrode array 
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Mixed alkanethiol self-assembled monolayers and their formation on gold 
substrates 

Stuart Graham, stuart.graham2831@furman.edu, Marion R. Martin. Furman University, 
Greenville, South Carolina, United States  

Alkanethiols self-assemble into a one-molecule-thick film on Au substrates called self-
assembled monolayers (SAMs). Mixed SAMs, monolayers containing two or more 
compounds, are formed when multiple alkanethiols are dissolved in a single solution. 
Mixed SAMs could be immensely helpful in molecular recognition or nanofabrication 
where certain areas of the monolayer must be unique from the rest. Mixed SAMs of 
octadecanethiol (ODT) and 16-mercaptohexadecanoic acid (MHA) were formed on gold 
slides. Monolayer ordering and surface wettability were investigated using a polarization 
modulation-infrared reflection-absorption spectrometer (PM-IRRAS) and an optical 
tensiometer respectively. Mixed monolayers of ODT and MHA were formed from single 
solutions containing concentrations of the two in the ratios 1:3, 1:1, and 3:1. Pure SAMs 
of ODT and MHA were grown as references. The chemical composition of the 
monolayers was calculated using Cassie’s equation applied to water droplet contact 
angles. Ordering of the monolayer was determined using the peak locations in the C-H 
stretching region of the PM-IRRAS spectra. The monolayers higher in ODT 
concentration produced more ordered and hydrophobic films than their MHA-dominant 
counterparts. Some work was done to make well-ordered pure MHA monolayers but 
was largely unsuccessful. Mixed monolayers of ODT and 11-ferrocenyl-undecanethiol 



were also briefly explored using the same instrumentation. In the future, the lab plans to 
characterize these monolayers using cyclic voltammetry. 
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Simulation of nanoparticle diffusion in semidilute polymer solutions 

Renjie Chen, RCnotess@gmail.com, Ryan Poling-Skutvik, Jacinta Conrad, Jeremy C. 
Palmer. Chemical and Biomolecular Engineering, University of Houston, Houston, 
Texas, United States  

Understanding nanoparticle suspension and transport in complex polymer-laden fluids 
is of fundamental importance to drug delivery, oil recovery and materials design 
applications. Particle mobility in a homogenous viscoelastic medium is well described by 
the generalized Stokes-Einstein (GSE) relation. This limit is realized when the diffusing 
nanoparticles are significantly larger than the polymers in the background medium. 
Recent experiments show, however, that violations of GSE behavior are observed when 
the size of nanoparticles is comparable to or smaller than length scales in polymer 
solutions [1,2]. Using advanced particle-based simulation techniques, we investigate the 
microscopic origin of this anomalous behavior. We show that the multiparticle collision 
dynamics (MPCD) scheme [3] provides a computationally efficient route to modeling 
solvent-mediated hydrodynamic interactions in nanoparticle-polymer systems. For 
polymer systems, the MPCD simulations are shown to be consistent with well-
established scaling laws predicting the structure and dynamics of polymers in semidilute 
solutions. We also demonstrate that embedded nanoparticles exhibit short-time sub-
diffusive dynamics before transitioning into the diffusive regime on longer time scales. 
Similar behavior is observed in experiment, and it suggests that the nanoparticle and 
polymer dynamics partially decouple on short time scales [2]. We investigate the 
decoupling mechanism computationally by characterizing dynamical correlations 
between nanoparticle and polymer motions. 
 
[1] R. Poling-Skutvik, R. Krishnamoorti, and J. C. Conrad, “Size-dependent dynamics of 
nanoparticles in unentangled solutions of polyelectrolytes.” ACS Macro Lett., 4, 1169-
1173 (2015) 
 
[2] F. Babaye Khorasani, R. Poling-Skutvik, R. Krishnamoorti, and J. C. Conrad, 
“Mobility of nanoparticles in semidilute polyelectrolyte solutions.” Macromolecules 47, 
5328–5333 (2014) 
 
[3] G. Gompper, T. Ihle, K. Kroll, and R. G. Winkler, "Multi-Particle Collision Dynamics: 
A Particle-Based Mesoscale Simulation Approach to the Hydrodynamics of Complex 
Fluids." Advanced Computer Simulation Approaches for Soft Matter Sciences III, 
Advances in Polymer Science 221, 1-87 (2009) 
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Fabrication of complex microgels from multi-nanoemulsions 

Mengwen Zhang, mzhang00@umail.ucsb.edu, Maksymilian Nowak, Paula Malo de 
Molina, Samir Mitragotri, Matthew E. Helgeson. Chemical Engineering, University of 
California, Santa Barbara, Goleta, California, United States  

In recent years, complex emulsions – i.e., droplets with internal structure – have 
generated great interest due to their ability to template the synthesis of multi-
compartment particles for applications in materials, foods, cosmetics, pharmaceuticals, 
sensors and chemical separations. However, scaling the size of these complex droplets 
to the nanoscale has been extremely challenging due to limitations on the microfluidic 
devices used to produce them. Here, we report the development of multicomponent 
nanoemulsions and their use as templates for forming novel nanoparticles. Specifically, 
we report the fabrication of oil-in-water-in-oil (O1/W/O2) double nanoemulsions from 
high-energy methods, and their use as templates for forming complex microgels in 
which an inner oil is encapsulated within a polymer hydrogel matrix. Using a 
combination cryogenic-transmission electron microscopy, NMR and dynamic light 
scattering, we examine how the size, stability, internal morphology and chemical 
compartmentalization of these complex nanoemulsions influence the properties. The 
results are used to define compositions and emulsification conditions in which the size 
and oil encapsulation efficiency of the microgels can be optimized. Finally, we 
demonstrate how the independent control over the size and crosslink density of 
microgels afforded by this new synthesis method can be used to systematically study 
the effects of microgel properties on their biological transport toward nanoparticle drug 
delivery. 
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Development of lipid-polymer hybrid nanoparticle for sustained release of 
doxorubicin 

Emily Lough2, eapalmer@bu.edu, Tyrone Porter1. (1) Boston University, Boston, 
Massachusetts, United States (2) Biomedical Engineering, Boston University, Boston, 
Massachusetts, United States  

Creating a stable nanoparticle that exhibits sustained drug release is a key step in 
advancing clinical chemotherapy administration. By chemically linking the 
chemotherapeutic doxorubicin with the biodegradable polymer poly(lactic-co-glycolic) 
acid (PLGA) we have synthesized a conjugate that will serve as the core of a lipid-
polymer hybrid nanoparticle. Lipid-polymer hybrid nanoparticles combine the stability 
and hydrophobic solubility of polymeric nanoparticles with the long circulation times and 
tunable surface properties of liposomes. With a nanoparticle core composed of the 
doxorubicin-PLGA conjugate surrounded by a tunable phospholipid monolayer, we have 
generated a nanoparticle that serves as a drug-eluting depot which will slowly release 
its drug load over the course of at least 4 weeks (see Figure 1). By loading free 
doxorubicin along with the doxorubicin-PLGA conjugate into the nanoparticle core, the 



nanoparticle exhibits both a burst release of the free drug along with a slow release of 
the conjugated drug. To capitalize on the unique release profile of these nanoparticles, 
this work examines the impact of burst plus sustained drug release on both the 
formation of tumors and efficacy of treatment post-formation in vitro. 

 
 

 
This figure shows the release kinetics of doxorubicin eluted from lipid-polymer hybrid 
nanoparticles loaded with doxorubicin-PLGA conjugate measured over the course of 4 weeks. 
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Copolymer-grafted stabilization of superparamagnetic iron oxide nanoclusters at 
high ionic strength and high temperature designed by combinatorial materials 
chemistry 

Ehsan Moaseri, ehsanmoaseri@yahoo.com, Muhammad Iqbal, Behzad Changalvaie, 
Chola Dandamudi, Joohyung Lee, Eric Annestrand, Yunping Fei, Christopher J. Ellison, 
Keith P. Johnston. Chemical Engineering, The University of Texas at Austin, Austin, 
Texas, United States  

The use of engineered nanomaterials has the potential to greatly enhance spatial 
resolution of subsurface reservoirs and improve reservoir management during oil and 
gas production. The nanoparticles must be colloidally stable in harsh reservoir 
conditions at high salinity and temperature, with high concentrations of mono- and 
divalent ions. With the goal of identifying a suitable polymer for NP stabilization in such 
harsh conditions, we conducted a combinatorial study with varying compositions of 
acrylic/sulfonic acid copolymers on platform citrate-coated iron oxide (IO) nanoclusters. 
Hundreds of experiments were conducted by judicious choice of coating parameters, 
including type of catalyst for the grafting reaction, pH, concentration and type of 



electrolyte, temperature and polymer structure and concentration. Based on these 
results, a select class of sulfonic acid homopolymers and copolymers were found to 
provide nanoparticle stability in API brine (8% NaCl + 2% CaCl2 w/v) for at least 4 
weeks at 90°C. A fundamental explanation is provided to describe electrosteric 
stabilization at these unusual conditions. Given that the particles remained colloidally 
stable after an extreme dilution test, indicating the covalent grafting appears to be 
permanent without desorption of the chains from the surface. This enhanced stability is 
beneficial for a wide variety of applications at high salinity including oil and gas 
exploration and production. 
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Microfluidic fabrication and characterization of charged microfibers 

Abigail K. Grosskopf, akg@princeton.edu, Janine K. Nunes, Howard A. Stone. 
Princeton University, Plainsboro, New Jersey, United States  

Polymeric microfibers of precise morphology and length can be fabricated through 
microfluidic techniques.To produce these microfibers, polyethylene glycol diacrylate 
(PEG) and photoinitiator with a surrounding sheathing oil solution is continuously flowed 
through a microfluidic device while an ultraviolet light pulses, triggering the 
polymerization of microfibers. These high-surface area soft materials have many 
promising applications; microfiber suspensions have demonstrated shear-thickening 
rheological behavior due to fiber entanglements, which permits the formation of 
hydrogels for tissue engineering applications. In this study, the chemistry of the 
microfibers has been altered to incorporate charged functional groups into the polymeric 
network. The acid or amine functional groups give the microfibers the new capability to 
form electrostatic interactions with their environment. Due to their porous structure and 
newly incorporated carboxyl and amine functional groups, these microfibers can purify 
and filter toxins, such as dyes or metals, out of solution reversibly. We have quantified 
the charge density and removal efficiencies of the microfibers. These functionalized 
microfibers also demonstrate the potential to strengthen fiber-fiber interactions in 
microfiber suspensions, and provide desirable surface properties for bioengineering 
applications. 

CSSS 199 

Rotational regimes and dynamics of colloidal particle chains 

Steve Kuei, kuei.steve@gmail.com, Sibani L. Biswal. Chemical and Biomolecular 
Engineering, Rice University, Houston, Texas, United States  

A host of both naturally occurring and industrially relevant phenomena, such as flagellar 
motion, polymer processing, and cytoskeletal flow, has led to the study of the dynamics 
of flexible filaments in fluid environments. Currently, the connection between the elastic 
properties of a fiber, the external driving force, and its eventual single-fiber and bulk 



dynamics are not well understood. The behavior of semi-flexible fibers such as carbon 
nanotubes, DNA, and actin are of great interest, however, recent results deviate from 
the scaling behavior and dynamics expected from both rigid and flexible fibers. We thus 
investigate the dynamical behavior of semi-flexible filaments using a tunable 
experimental model system consisting of linked paramagnetic colloidal particles, where 
the persistence length lp, the contour length lc, and the strength and rotational frequency 
of the external magnetic driving force is controlled. Using experiments, computational 
models, and theoretical balances, we find that the dynamics of the system change as a 
function of the dimensionless Mason number and Magnetoelastic number, allowing us 
to identify, classify, and predict the behavior of semi-flexible chains under a variety of 
driving conditions. 
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Microfluidic breakup of viscous drops to understand fragmentation of cancer 
cells 

Mehdi Nekouei, mehdi.nekouei@ttu.edu, Nabiollah Kamyabi, Siva A. Vanapalli. 
Chemical Engineering, Texas Tech University, Lubbock, Texas, United States  

Circulating tumor cells (CTCs) flow through the blood capillaries to create secondary 
tumors. Previous studies have shown that cancer cells can be fragmented at the 
capillary bifurcations. Therefore mechanical damage due to extensional flow is believed 
to be an important factor for the death of CTCs. 
In this study, we investigated flow-induced breakup of cancer cells against an obstacle 
using a droplet model in a microfluidic system. We observed different modes of droplet 
breakup, which have similarities with tumor cell fragmentation. Three regimes of 
behavior are observed: non-breakup, reversing and non-reversing breakup. We studied 
breakup regimes as a function of droplet viscosity, size and capillary number. By 
increasing the capillary number the regime changes from non-breakup to reversing and 
non-reversing breakup. At relatively high capillary number, droplet breaks up in non-
reversing mode. By increasing the viscosity of the droplet, the possibility of non-
reversing droplet fragmentation increases. 
We further study the kinetics and dynamics of the droplet breakup and compare the 
results to in vitro microfluidic experiments of tumor cell fragmentation. We find that the 
simple model of a viscous drop provides useful insights into the factors regulating tumor 
cell fragmentation, which can be further tested in the laboratory. 
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Cryo-EM characterization of mixed lipid bilayers self-assembly 
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Immunochemistry is a powerful tool, based on the concept that specific antigens can be 
detected by complementary antibodies. In the last few decades the use of colloidal gold 
in transmission electron microscopy has grown at an enormous rate, and has become 
virtually the only method worth considering for ultrastructural studies of cellular 
antigens. Immunogold labeling takes advantage of the high electron density of gold 
conjugated to antibodies, which in turn adsorb to a specific antigen. Although the 
probing molecules are often antibodies, other proteins of a specific affinity can be 
tagged. 
Phosphatidylserine (PS) is a negatively charged phospholipid, found mostly in the inner 
leaflet of the cell membrane, facing the cytoplasm. Certain cell processes, such as 
apoptosis and microparticle shedding, involve PS migration to the outer leaflet. This 
phenomenon can be studied using the cellular protein, annexin V, which has high 
affinity to PS. Annexin V binding is Ca2+ dependent, which should be taken into account 
during the procedure. 
Liposomes are spheroidal vesicles, composed of one or more lipid bilayers. They allow 
the easy and fairly realistic mimicking of bio-membranes; they can be built-up by one or 
just a few well-defined components, and hence allow better characterization of the 
physical principles underlying the self-organization processes observed in membranes. 
Immunogold labeling of PS in mixed lipid bilayer will significantly contribute to the study 
of the nano-scale domain formation mechanism. Until now these domains have been 
studied by direct imaging only on the micrometer scale, not on the nanoscopic scale. 
Understanding this phenomenon is important, because they are involved in a variety of 
cellular functions and biological events. 
Thus far, most immunogold labeling has been performed in ways, which eventually lead 
to room temperature imaging by TEM or SEM. Our work presents immunogold labeling 
in cryo-TEM. Cryo-TEM preserves the liposomes as close as possible to their native 
state, thus providing a more reliable view of the nanostructure and its morphology. We 
attempted to label PS liposomes prepared by sonication and extrusion. Labeling has 
been performed in solution, using biotinilated annexin V and gold-conjugated 
streptavidin. We optimized the working conditions leading to extensive labeling of PS. 
The gold nanoparticles were not randomly spread in the solution, suggesting that the 
immunogold labeling in cryo-TEM was indeed successful. 
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Hydrogen-bonded polymer nanocomposites containing discrete layers of gold 
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Josh O'Neal, hammer534@tamu.edu. MSEN, Texas A&M University, College Station, 
Texas, United States  

The incorporation of nanoscale filler materials into layer-by-layer (LbL) assemblies can 
have dramatic effects on the properties of the resulting nanocomposites. The ability to 
control the location and relative concentration of the nanofiller within the LbL assembly 
throughout the fabrication process is desirable for producing products with specific, 
predictable, and reproducible properties. Here, we demonstrate for the first time the use 



of spray-assisted LbL assembly to produce hydrogen-bonded polymer nanocomposites 
of poly(ethylene oxide) (PEO) and poly(methacrylic acid) (PMAA) containing discrete 
regions of gold nanoparticles (AuNPs) vertically positioned throughout the film structure. 
Analysis of the internal structure using cross-sectional transmission electron microscopy 
(TEM) shows that the AuNP regions are clearly separated by "empty" regions of 
polymer with no drift or aggregation during or after fabrication. UV-Vis spectroscopy was 
utilized to confirm these observations. A brief study of the stimuli-responsive properties 
of the spray-assisted LbL assembled nanocomposites showed that the release of the 
AuNPs could be induced and modulated by elevating the environmental pH above the 
critical pH of the polymer system. UV-Vis spectroscopy was used to confirm/monitor the 
payload release. We propose that spray-assisted LbL assembly is a promising method 
for producing nanocomposites with tunable properties applicable to a wide range of 
specialty applications where strict properties requirements must be met. 
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glioblastoma multiforme (GBM) 

Praveena Velpurisiva1, praveena_velpuri@student.uml.edu, Michael J. Tilton2, 
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Glioblastoma Multiforme (GBM) is an aggressive cancer that originates from astrocytes 
and spreads to spinal cord and other parts of the brain. Increase in replication of glial 
cells leads to advantageous mutations in the tumor. According to the cancer statistics 
from 2015 about 15,320 deaths were reported due to GBM. Five-year survival is less 
than 5% making GBM a dreadful form of cancer. Current treatment involves complex 
invasive surgery, followed by chemotherapy and radiation. The goal of this study is to 
develop a combination therapy to treat GBM using Poly (lactic-co-glycolic acid) (PLGA) 
nanoparticles encapsulated with three different drugs namely gefitinib, temozolomide 
(TMZ) and GSK461364 each with a unique target. Gefitinib is a Tyrosine Kinase 
inhibitor, which competes for ATP-binding site of EGFR-TK. TMZ methylates DNA of 
tumor cells, resulting in apoptosis. GSK461364 is a Polo-like Kinase (PLK-1) inhibitor 
that blocks the G2/M transition in tumor cell cycle. These three distinct hydrophobic 
drugs are tested on U-87 MG (human malignant glioma) and MDA-MB-231 (triple 
negative breast cancer) cell lines. PLGA is attached to Polyethylene glycol (PEG), 
which is conjugated to transferrin receptor binding peptide. These transferrin peptides 
bind to transferrin receptors (TfR) or CD71 and enable the entry of PLGA nanoparticles 
across the Blood Brain Barrier (BBB). Results of characterization, in vitro drug release 
profiles, stability, cytotoxicity assay and fluorescent imaging will be presented. 

 



 
 
Triple combination drugs encapsulated in PLGA and their testing on MDA-MB-231 and 
U-87 MG cell lines: PLGA nanoparticle with three drugs encapsulated; PEG and Transferrin 
peptide are conjugated to PLGA. 
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Assembly and surface activity of Janus particles at oil-water interfaces 
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The rising interest in the use of particles as solid surfactants in multiphasic systems has 
been motivated by prospects to increase emulsion stability and facilitate surfactant 
removal and recycling. While many systems have utilized homogeneous particles to 
form stable Pickering emulsions, amphiphilic Janus particles offer enhanced attachment 
energies and the ability to tailor the functionality to specific fluid phases. To fully realize 
the potential of Janus particles as solid surfactants, versatile synthesis methods and an 
understanding on interfacial behavior are required. In our work, we synthesize Janus 
particles via phase separation within seeded emulsion polymerization. We study the 
behavior of these Janus particles at oil-water interfaces by monitoring the adsorption 
and surface pressure using pendant drop tensiometry. Our results show that there is 
limited adsorption of negatively charged Janus particles to the toluene-water interface. 
By spreading the Janus particles across the interface, we can form elastic skins with 
surface pressures reaching up to ~30 mN/m. The skins are mechanically robust 
withstanding the complete removal of the inner phase. Future functionalization of our 



Janus particles will allow us to screen different chemistries to elucidate the surface 
activity of Janus particles and their potential as solids surfactants.  
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Conducting polymers with conjugated backbones, though conductive, may suffer 
insufficient exposure to the electrolyte due to the often formed non-porous structure. 
Redox polymers with non-conjugated backbones, such as polyvinylferrocene (PVF), 
have rarely been used for energy storage due to their low intrinsic conductivity. Here we 
report a facile synthesis strategy for the preparation of highly porous electroactive 
nanomaterials in which we exploit the π-π stacking interactions between pyrrole and the 
ferrocene moieties of PVF in solution. The highly porous polymer films constructed in 
this way result in reduced ion diffusion limitations during the charge and discharge 
process. In addition, polypyrrole (PPy) chains here serve as molecular wires and 
improve the electronic conductivity of the hybrid. The formed nanomaterial 
demonstrated excellent electrochemical properties, directly arising from the synergistic 
effects between PPy and PVF. A specific capacitance of 514.1 F g-1 was achieved for 
the PVF/PPy hybrid, which was significantly higher than those of PPy (27.3 F g-1) and 
PVF (79.0 F g-1) alone. This interesting combination of properties from PPy and PVF 
opens up new opportunities for exploiting the intermolecular interactions to create highly 
porous polymer nanomaterials that consist of a wide selection of polymers with π-
conjugated backbones and redox polymers with metallocene moieties. 
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Polyethylene fibers functionalized with amidoxime ligands have been synthesized using 
radiation-induced graft polymerization and atom-transfer radical polymerization and 
tested in laboratory and field experiments for uranium adsorption. Uranium uptake was 
scaled up from 5-gallon batch to continuous flow-through columns to flume 
arrangements with adsorbent braids in natural seawater. Kinetic data and mechanistic 
modeling were employed to determine the rate-limiting mechanism of uranium uptake. It 
was found that surface complexation reaction between the amidoxime ligand and the 
uranyl ion was the rate-limiting mechanism. This is supported by the fact that the 
reaction is slow in the presence of bicarbonate ions in seawater, which form uranyl 
tricarbonate. This species is very stable, so the amidoxime ligand competes with 
bicarbonate ions in capturing uranyl ions, and this competition slows down the uranium 
uptake rate by the adsorbent. Controlled kinetic experiments with simulated uranium 
solutions have demonstrated the effect of bicarbonate and sodium ions on the uranium 
uptake process, and a kinetic model taking into account the presence of bicarbonate 
ions has been developed to describe the uranium uptake kinetics. The maximum 
amount of uranium uptake from seawater tests was over 4 mg U/g adsorbent after eight 
weeks of contact of the adsorbent with seawater. This amount was three times higher 
than the maximum adsorption capacity achieved in this study by a leading adsorbent 
developed by the Japan Atomic Energy Agency (JAEA). The initial uranium uptake rate 
of the ORNL adsorbent was 2.6 times higher than that of the JAEA adsorbent under 
similar conditions. These results are very encouraging in efforts to secure new uranium 
resources for future nuclear energy needs. Adsorbent synthesis, characterization, base 
treatment, and uranium adsorption performance will be presented, as well as 
mechanistic modeling of uranium uptake. 
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Ash results from the incineration of municipal solid waste. It is intrinsically hydrophobic 
and, as a result of exposure to high temperatures in atmosphere, highly oxidized. This 
leads to high melting points and in general, very low conductivities. Due to ash’s heavy 
metal content, safe means for its disposal or reutilization are under investigation. The 
research presented here seeks to explore the potential of combustion ash to be used as 
an electrode material for a microbial fuel cell (MFC). This application requires an 
increase in conductivity, hydrophilicity, and, ideally, low toxicity. 
 
Three bottom ash samples were investigated, namely Essex-2, Essex-6, and HP3-BA. 
By applying an electrical potential across the ash in the presence of deionized water, 
several key property changes were observed. Using a variety of analytical techniques 
including SEM, XRD, TGA/DSC, and tensiometry, we find that pH remains basic and 
the melting point was lowered. Additionally, a color change indicative of chemical 



reactions occurs within the ash upon application of the potential. SEM analysis provides 
evidence of changes in crystal structure and water-ash contact angles are altered from 
hydrophobic to completely wetting. Unlike in electrowetting, these changes are found to 
last even after the electric potential is removed. Ability to make such surface 
modifications could allow ash to become useful in an application such as an electrode 
material. 
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Complex emulsion agglutination is reported and explored using a novel d-mannose-
bearing surfactant (ManC14). This agglutination assay could potentially become a 
cheap, fast, easily fabricated sensing tool for bacterial detection in food industry and 
contaminated water. This platform could also be further used for antigen- and antibody-
binding studies with droplets acting as artificial cells. 
Complex emulsions are fabricated using bulk emulsification or a glass capillary 
microfluidic device with three phases hexane, perfluorohexane and water. ManC14 acts 
as a hydrocarbon surfactant and stabilizes the hexane-water interface. The surfactant 
efficiency is explored in the complex emulsion system with a fluorocarbon co-surfactant, 
Zonyl. Sensing test are carried out using the E. coli substitute Concanavalin A. By 
varying the relative concentration of ManC14 and Zonyl, droplets are first stabilized in 
the Janus state. ConA dissolved in buffer solution is then added into Janus emulsion. 
The two-faced Janus droplets start aligning in a unique tilted configuration, and the 
surface that is stabilized by ManC14 surfactant are agglutinated together to become 
droplet complexes (Figure 1). This agglutination phenomena occurs because ConA has 
four subunits, and each subunit has a binding site for mannose. This four-site binder 
acts like an antibody that binds multiple particles and joins them together to make 
droplet complexes. 
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Development of gram-scale synthesis of carbon dots using citric acid and 
calamansi (Fortunella japonica) via microwave-assisted method 

Jemimah E. Sanggo, j.e.sanggo@gmail.com, Regina So. Chemistry, Ateneo de Manila 
University, Quezon, Philippines  

Carbon dots (CDs) have become one of the most studied nanomaterials during the past 
decade due to their unique photoluminescence (PL), biocompatibility, chemical stability, 
low toxicity and photo stability. Such properties enable these materials to be applied in 
medical diagnostics and in labeling technologies. Although significant progress has 
been made to synthesize CDs utilizing different starting materials, the large-scale 
synthesis of CDs without compromising the fluorescence properties of the material 
remains challenging. 
In this study, the gram-scale synthesis of CDs using the common starting materials citric 
acid and Philippine citrus juice (calamansi), was explored. Different parameters, such as 
microwave power, synthesis time, sample volume, starting material concentration, 
different types and concentration of amine-passivating agents, were explored in order to 
develop an efficient, low-cost, and scalable method to synthesize brightly fluorescent 
CDs. The CDs synthesized in the presence of ethylenediamine (EDA) (1:1 starting 
material:amine molar ratio) using a domestic microwave oven at 70% power (630 watts) 
for <20 minutes, at 2-minutes repetitive heating provided samples with max absorption 
at 190 and 350 nm. Conversely, fluorescence spectra of the samples exhibited high 
emission peak at 360 and a broad peak at 470 nm when excited at 355 nm. Other 
characterizations will also be discussed. These findings will pave the way for rapidly 
producing bulk amount of brightly fluorescent CDs from cheap sources using a 
microwave. 
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Printability and extensional rheology of polymer solutions 

Jelena Dinic, jdinic2@uic.edu, Leidy N. Jimenez, Vivek Sharma. Chemical 
Engineering, University of Illinois at Chicago, Chicago, Illinois, United States  

Free-surface flows – jetting, spraying, atomization during fuel injection, roller-coating, 
gravure printing, nanoimprint hot embossing, several microfluidic drop/particle formation 
techniques, and screen-printing – all involve the formation of axisymmetric fluid 
elements that spontaneously break into droplets by a surface-tension-driven instability. 
The growth of the capillary-driven instability and pinch-off dynamics are dictated by a 
complex interplay of inertial, viscous and capillary stresses for simple fluids. Additional 
contributions by elasticity, extensibility and extensional viscosity play a role for complex 
fluids. Using experiments and theory, we elucidate how polymer composition, flexibility, 
and molecular weight as well as coil-stretch transition determine the thinning and pinch-
off dynamics, and thus influence printability, spinnability, sprayability and jettability of 
polymeric complex fluids. 
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Thermal stability of CdSe/CdS quantum dots and their application as a novel 
geothermal tracer 

Eric M. Brauser1,2, ebrauser@egi.utah.edu, Michael H. Bartl2, Peter Rose3, John 
McLennan1,3. (1) Chemical Engineering, University of Utah, Salt Lake City, Utah, United 
States (2) Chemistry, University of Utah, Salt Lake City, Utah, United States (3) Energy 
and Geoscience Institute, University of Utah, Salt Lake City, Utah, United States  

Semiconductor nanocrystal quantum dots (QDs) are a relatively recent area of study in 
materials science and engineering, but their unique, size-dependent properties have 
resulted in active growth over the past three decades. The motivation for this thesis has 
been exploiting the ability to tune the energy band gap and develop new families of 
geothermal reservoir tracers. While colloid transport in porous media has been studied 
extensively for groundwater systems, there is little existing research appropriate to high 
temperature geothermal systems. In this research, a multi-tiered approach is used to 
characterize quantum dot behavior at temperatures above 100 °C. Insight into the 
thermodynamic properties of QDs provides the basis for experimentally studying 
transport in high temperature porous media that are surrogates for a geothermal 
reservoir. Core/shell quantum dots were pumped through Ottawa sand columns under a 
range of temperatures and salinities. Retardation and deposition were investigated as 
the principal transport parameters, while also considering the dynamics of quantum dot 
solubility and the interaction energy between quantum dots and the sand surfaces. 
Elevated temperatures increased the amount of quantum dot retention, following a 
multi-layer deposition model. 
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Manipulation of coffee ring patterns by diffusiophoresis 

Farzad Mohajerani, fum124@psu.edu, Rajarshi Guha, Darrell Velegol. Chemical 
Engineering, Pennsylvania State University, State College, Pennsylvania, United States  

The coffee ring phenomenon is the formation of a ring-shaped pattern during the 
evaporation of a colloidal suspension on a surface. Coffee rings have received 
considerable attention in the literature, due to their importance in a wide range of 
industrial and natural situations. Numerous colloidal and chemical systems have been 
used for coffee ring studies, and many of these have focused on suppressing the 
resulting coffee rings. In our work we have manipulated coffee rings by exploiting the 
electrokinetic phenomenon of diffusiophoresis. We introduce low concentrations of 
several types of salts to an initial suspension. During the drying process, gradients of 
these salts develop, with a higher concentration near the outer rim, resulting in the 
suppression or intensification of the coffee ring, in addition to other types of patterns. In 
order to quantitatively demonstrate the resulting patterns of different salts, the 
microscope images were analyzed graphically and statistically using our in-house 



developed Matlab codes. We showed that, by using combination of specific salts in the 
initial suspensions, we can manipulate the particle distribution as well as thickness of 
the ring in the final pattern. One outcome of this work is the separation of particles 
having different surface charge, revealing that the coffee ring phenomenon has 
important fundamental and applied aspects. 

 

 
 
The pattern of coffee-ring can be manipulated by the addition of different salts to the initial 
suspension. 
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β-galactosidase Langmuir monolayer at air/subphase interface 

Shiv K. Sharma2, sks38@miami.edu, Roger M. Leblanc1. (1) Univ of Miami Dept of 
Chem, Coral Gables, Florida, United States (2) Department of Chemistry, University of 
Miami, Miami, Florida, United States  

Abstract 
The interfacial properties of β-galactosidase were studied through surface chemistry 
and spectroscopic techniques. β-galactosidase interacted with X-gal to give the 
galactose as well as blue colored organic moiety. We investigated the β-galactosidase 
Langmuir monolayer in absence and presence of X-gal of varying concentration to the 
sodium chloride subphase. It was found that the limiting molecular area as well as the 
monolayer breaking point surface pressure kept on decreasing with the increasing 
amount of X-gal. In accordance to the data obtained from the isotherm it was also found 



that β-galactosidase forms a stable monolayer that does not aggregate at the air-
subphase interface. The stability of the monolayer at the air-subphase interface was 
studied by using compression-decompression cycles with and without X-gal at varying 
concentration and different surface pressures. The infrared reflection-absorption 
spectroscopy (IRRAS) and Brewster angle microscopy (BAM) of β-galactosidase 
Langmuir monolayer was also investigated for pure and mixed β-galactosidase at the 
air-subphase (X-gal dissolved in limited amount of DMF and further diluted with 0.1 M 
NaCl solution). The objective of this article is to investigate the surface chemistry of β-
galactosidase on air-subphase interface using Langmuir monolayer technique. 

 

 
 
Figure: Surface pressure versus mean molecular area isotherms for 3.7×10-7 M β-Galactosidase 
spread on 0.1M NaCl and (2.45, 4.89, 7.34 and 9.78) × 10-3 M of X-gal 

 
 
Table: Data showing limiting molecular area and collapse surface pressure for different 
subphases. 
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Hydrophobic modification of drugs to enhance post-deposition dispersal of 
inhaled aerosol medications 

Steven V. Iasella2, siasella@andrew.cmu.edu, Robert D. Tilton1, Todd M. Przybycien2, 
Stephen Garoff3. (1) Dept Chemical Eng, Carnegie Mellon Univ, Pittsburgh, 
Pennsylvania, United States (2) Chemical Engineering, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (3) Physics, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States  

Marangoni flows can be instigated by the presence of a gradient in surface tension such 
as those caused by the presence of a gradient in the surface excess concentration of 
surfactants adsorbed to an interface. These interfacial flows can potentially be used to 
enhance the delivery of aerosol delivered medications to patients with obstructive 
pulmonary diseases such as cystic fibrosis. These diseases reduces the effective size 
of the lung airways and limit the amount of drug that passes the obstructions into the 
regions most affected by bacterial infection. Our group has been working on improving 
medication delivery uniformity by developingself-dispersing formulations utilizing 
Marangoni flows to enhance the post depostion dispersal of aerosol contents. By adding 
a surfactant to the aerosol formulation, Marangoni flows can be established after droplet 
deposition, which could more evenly distribute the drug. Physically entangled 
poly(acrylamide) solutions were used to mimic the airway surface liquid and various 
adsorptive and fluorescent dyes were used as drug mimics. Experiments have indicated 
that the hydrophilic and hydrophobic molecules present in the drop do not escape the 
liquid lens that persists on the subphase surface, however, surfactant from the drop is 
detected outside the lens via surface tension measurements. We investigate whether 
drug molecules can be modified such that they leave the contact line of the liquid lens 
and increase the overall spreading area of the drug. The fluorescent dye fluorescein 
was used as a hydrophilic drug mimic, and derivatives of the molecule with 12 and 16 
carbon tails were used as the modified drug. The modified dye molecules were shown 
to exit the liquid lens and increase the extent of droplet spreading. These results 
suggest that if modified correctly, a drug could spread out farther than the liquid lens 
resulting in a more uniform drug distribution in the lungs. 
 
Acknowledgement: Support from NIH 
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Development of a lipid-coated calcium phosphate nanoparticle for 
oligonucleotide delivery to the brain 

Joanna Chiu1, jgchiu@bu.edu, Max Colter1, Megan Dacek1, Justin Hong1, Ritesh 
Singh1, Tyrone Porter1,2. (1) Biomedical Engineering, Boston University, Boston, 
Massachusetts, United States (2) Mechanical Engineering, Boston University, Boston, 
Massachusetts, United States  



Brain cancer is one of the most difficult cancers to treat, due to the impermeability of the 
blood brain barrier (BBB) to anti-cancer agents. To overcome this barrier, a ligand-
decorated nanoparticle has been developed to facilitate delivery of therapeutic agents 
across the BBB to malignant cells. The nanoparticle consists of a siRNA-containing 
calcium phosphate (CaP) core coated with a lipid bilayer. The CaP core facilitates 
siRNA delivery to the cell cytosol while the lipid shell improves colloid stability and 
provides a platform for ligand conjugation. In the current work, angiopep was 
conjugated to the lipid shell, significantly increasing nanoparticle penetration of a model 
BBB via receptor-mediated transcytosis. Exploration of different calcium to phosphate 
molar ratios reveals that increasing the ratio inversely reduces particle size, and may 
also affect siRNA encapsulation and release. Ratios of 50, 100, and 150 resulted in 
nanoparticle sizes of 244 ± 4.1nm, 181.0 ± 3.2 nm, and 165.2 ± 2.2 nm respectively. 
Additionally, incubation of the nanoparticles in solutions from pH 4 to pH 7.4 shows pH-
dependent degradation and siRNA release. Studies conducted with GFP-expressing 
breast cancer cells demonstrate successful nanoparticle uptake and 67% knockdown of 
the reporter protein. 
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A new dielectric RheoSANS instrument for the simultaneous interrogation of 
rheology, microstructure and electronic properties of flow battery electrodes 

Jeffrey Richards1, jrichar7@u.washington.edu, Norman J. Wagner2, Paul Butler1. (1) 
NCNR, National Institute of Standards and Technology, Silver Spring, Maryland, United 
States (2) Dept of Chemical Engineering, University of Delaware, Newark, Delaware, 
United States  

Inexpensive grid-scale storage remains a major hurdle slowing the wide-scale adoption 
of renewable energy technologies. Flow Batteries have been proposed as one viable 
solution to this problem. Whereas, the capacity of a traditional battery is limited by its 
packaging, flow batteries pump redox active fluids from external storage tanks through a 
flow cell where electricity is extracted or stored via reversible redox reactions. One 
promising flow battery technology is the semi-solid flow battery (SSFB). Instead of using 
a soluble electrolyte, SSFBs incorporate dispersions of electrochemically active 
particles as the active material allowing for higher specific power densities. In addition to 
the electrochemically active species, carbon black is typically incorporated into the flow 
battery electrode as a conductive additive to provide the necessary electrical percolation 
throughout the electrode. While carbon black can allow for electrical percolation at 
relatively low volume fractions, the rheological properties of these dense slurries have a 
detrimental effect on the flow battery performance. In order to understand the intrinsic 
link between microstructure, rheology and conductivity in carbon black suspensions, we 
have developed a new dielectric RheoSANS instrument. We have fabricated a Couette 
geometry capable of performing RheoSANS measurements while the electrical 
properties of these carbon black slurries are monitored. By measuring the 
microstructure and electrical properties of carbon black network as function of the shear 
rate we have begun to understand the intimate link between the flow properties and 



electrical percolation in these materials. Our findings will open up new pathways for the 
optimization of these promising energy storage technologies. 
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The presence of aqueous films on hydrophilic particles in nonpolar solvents 

Suraj Borkar, suraj.borkar@mail.utoronto.ca, Arun Ramachandran. Chemical 
Engineering and Applied Chemistry, University of Toronto, Toronto, Ontario, Canada  

It has been shown in literature that hydrophilic particles introduced into a nonpolar 
medium can scavenge trace amounts of water present in the system, to form a thin 
aqueous film surrounding it. In this study, a direct evidence of such a film was observed 
using a microinterferometric technique called Dual Wavelength Reflection Interference 
Contrast Microscopy (DW-RICM). Hydrophilic glass beads (diameter~10 μm) 
suspended in mineral oil, were allowed to settle under gravity towards a freshly cleaved 
mica surface. The interference patterns obtained using DW-RICM was used to measure 
the absolute distance between the particle and the mica surface. When mineral oil was 
saturated with water, spreading of a thin aqueous film on the mica surface was seen. 
No evidence of film spreading was observed when mineral oil was unsaturated, 
suggesting that the surrounding film was thinner than the scale of surface roughness of 
the glass bead. Furthermore, for the saturated mineral oil, the aqueous film was found 
to be ~10 nm thick, which would consist of about 20 monolayers of water. This result 
agrees well with previous work done by Gacek et al (2012). This work has implications 
in charged-based stabilization and electrophoretic mobility in colloidal suspensions as 
well as removal of hydrophilic particulate fines. 
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Double layer structured solid lipid nanoparticles with crosslinked polymeric 
coating for oral delivery of curcumin 

Taoran Wang, taoran.wang@uconn.edu, Yangchao Luo. Nutritional Scinces, University 
of Connecticut, Storrs, Connecticut, United States  

For the purpose of improving the stability of solid lipid nanoparticles (SLNs) in 
gastrointestinal (GI) tract as well as protecting SLNs from aggregation during drying 
process, surface modification is one of the most promising techniques to confer new 
physicochemical properties to SLNs and thus achieve enhanced functionalities. 
In this study, novel SLNs with biopolymeric double layer (BDL) coatings were prepared 
to encapsulate and deliver curcumin as a model drug/nutrient. The SLNs were first 
prepared by combining the solvent-diffusion and hot homogenization technique with two 
natural biopolymers in aqueous phase: sodium caseinate (NaCas) and pectin. The 
adsorption of pectin onto NaCas was induced by reducing pH to 5.0 followed by thermal 
treatment at 80 oC. Then,the BDL-coated SLNs were then crosslinked by using two 
different crosslinkers, i.e. glutaradehyde (GA) and 1-Ethyl-3-(3-



dimethylaminopropyl)carbodiimide / N-Hydroxysuccinimide (EDC/NHS). The effects of 
crosslinking on the properties of such BDL-coated SLNs were investigated. The Nano 
Spray Drying technology was applied to obtain SLNs powder, and the morphology of 
powder was observed under scanning electron microscope (SEM). The SLNs were 
characterized by Fourier transform infrared (FT-IR) and differential scanning calorimetry 
(DSC) for their physical properties. 
The mean particle size, PDI and zeta potential of BDL-coated SLNs were 300 – 330 nm, 
0.25 – 0.30, -45 – -40 mV, respectively. The particle size of BDL-coated SLNs 
crosslinked by GA increased to 480-550 nm, while the one crosslinked by EDC/NHS 
maintained the particle size around 300 nm. TEM figures showed both cross-linked 
particles exhibited spherical shape with size about 200 nm, which was smaller than the 
size as measured by DLS. Both crosslinked BDL-coated SLNs exhibited significantly 
higher encapsulation efficiency (EE) than non-crosslinked SLNs. Fluorescence study 
confirmed the results of EE that more curcumin was encapsulated in crosslinked BDL-
coated. The curcumin from all SLNs exhibited much slower diffusion rate in GI tract 
compare with free curcumin. Large aggregation was observed under SEM for SLNs 
without pectin coating, while the BDL coating and crosslinking dramatically improved 
morphology and reduced dimension to 500 nm – 1 µm. These results showed that the 
improved stability of BDL-coated and crosslinked SLNs under simulated GI condition 
might greatly enhance their delivery efficiency of nutrients through oral administration. 
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Protein-induced membrane shape fluctuation changes on hole spanning lipid 
bilayers 

Ningwei Li1, nwnli88@gmail.com, Katarzyna Jankowska2, Kathleen J. Stebe1, Tobias 
Baumgart2. (1) Chem Biomole Dept Rm 311A, Univ of Pennsylvania, Philadelphia, 
Pennsylvania, United States (2) University of Pennsylvania, Philadelphia, Pennsylvania, 
United States  

Curvature sensing and generating proteins are known to have the ability to trigger 
important membrane shape transitions, which play key roles in biological processes. It 
has been proposed that instabilities in bilayer fluctuations can initiate the generation of 
highly curved shapes from a planar membrane. Binding of curvature sensing and 
generating proteins can induce height fluctuations with amplitudes that increase with 
time, renderingthe planar membrane configuration unstable. However, it is challenging 
to directly visualize fluctuation changes in model membranes such as giant unilamellar 
vesicles. Here, we use lipid bilayers suspended over micron-scale hole arrays on a 
silicon wafer to study membrane fluctuations and dynamic shape transitions induced by 
protein binding. This microhole array can be mounted within a fluid channel to introduce 
proteins with controlled concentration and image the membrane response. 
Fluorescence interference patterns on the hole spanning bilayers can be used to probe 
height profile changes on the membrane during protein binding. We show that proteins 
that function in the process of endocytosis can induce increases in membrane height 
fluctuations, followed by drastic topography changes of the hole spanning bilayers. 
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Ring-sheared drop (RSD): Microgravity module for interfacial biophysics studies 

Shreyash Gulati1, shreyash08@gmail.com, Samantha A. McBride3, Juan M. Lopez4, 
Amir H. Hirsa1,2. (1) Mechanical Engr, RPI, Troy, New York, United States (3) Chemical 
& Biological Engr., RPI, Troy, New York, United States (4) Mathematics, Arizona State 
Univ., Tempe, Arizona, United States  

Microgravity environment enables large-scale interfacial experiments in which the fluid 
is contained by surface tension, thereby eliminating solid containers and related 
complications (chemical, sorption, and electrostatic interactions). In the RSD module, a 
2.5-cm drop of test fluid is sheared by rotating one of the two sharp-edged rings that 
constrain the drop. Interfacial shear imposed by the rotating ring drives a strong bulk 
flow through the action of surface (excess) shear viscosity. This coupling has been 
verified, both experimentally and computationally, using a knife edge viscometer with a 
monolayer of DPPC, the main constituent of lung surfactant. The first experiment 
planned for RSD aboard the International Space Station is to study amyloid fibril 
formation from monomeric protein in solution. Amyloid fibril plaques are associated with 
several neurodegenerative diseases including Alzheimer’s and understanding their 
formation may ultimately help with the treatment of patients. Development of RSD 
requires a fundamental understanding of droplet stability and pinning between the two 
rings that constrain it. Parabolic flight experiments have already demonstrated pinning 
of 1 cm drops of water and protein in microgravity. FEM-based computational fluid 
dynamics simulations benchmarked against laboratory experiments assisted in the 
design of the parabolic flight experiment. Utility of the Ring-Sheared Drop module for 
other experiments are under consideration for taking advantage of interfacial bio-
processing of proteins. 
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Propulsion of Janus particles in viscous solutions 

Edmund Tang1, tange2@rpi.edu, Purba Chatterjee2, Patrick Underhill1. (1) Chemical 
and Biological Engineering, Rensselaer Polytechnic Institute, Quincy, Massachusetts, 
United States (2) Chemical and Biological Engineering, Rensselaer Polytechnic Institute 
(RPI), Troy, New York, United States  

Diffusiophoresis is the motion of a passive colloidal particle due to an external gradient 
of a solute. If no external gradient exists, the particle may create a local gradient to drive 
its own motion, through self-diffusiophoresis. This is achieved through an asymmetric 
chemical reaction about the particle. These types of self-propelled motors could be used 
in a range of environments, requiring different sized motors moving through complex 
fluids. While the dependence of speed and enhanced diffusion on particle size has been 
verified experimentally, the dependence on changes in the fluid have not been tested. In 
the present work, we examine the dependence of motor speed on the viscosity of the 



solution. The viscosity can affect the speed both through the drag coefficient of the 
motor and altering the reaction-diffusion problem of the solutes. It also affects the 
enhanced diffusion through altering the rotation of the motor. 
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Total holographic characterization of multicomponent colloidal suspensions 

David B. Ruffner, davidruffner@gmail.com, Jaroslaw M. Blusewicz, Laura A. Philips. 
Spheryx, Inc., New York, New York, United States  

Holographic video microscopy characterizes colloidal microspheres with great accuracy 
and precision. Lorenz-Mie theory is used to determine the size, index of refraction, and 
3D position of particles in the difficult to measure size range of 400nm to 20μm. A major 
advantage of this technique is individual measurement of each particle in the 
suspension, which enables the detection and analysis of multicomponent suspensions 
without special sample preparation or the application of multiple technologies. The 
experimental suspensions were created using combinations of various colloidal particles 
(silica, polymethyl methacrylate (PMMA), polystyrene (PS)). Holographic video 
microscopy separately identifies each particle population even in samples with particles 
of the same size but different refractive index. We demonstrate this capability in 
samples with 8 distinct particle populations coexisting in the same sample. Every 
particle is characterized multiple times as it flows through the microscope. The results of 
these characterizations are tracked and statistically analyzed to provide high precision 
analysis of each particle population. 
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Dynamics of semiflexible colloidal chains under confinement 

Ziyi Zhu, zz27@rice.edu, Sibani L. Biswal. Chemical and Biomolecular Engineering, 
Rice University, Houston, Texas, United States  

Colloidal systems have proven to be useful for building analogous models of systems at 
atomic or molecular scales. Study of confinement effects on semiflexible colloidal chains 
provides insight of understanding the cellular processes such as DNA replication or viral 
transfection. Due to the relative sluggish motion of colloids, we are able to investigate 
the dynamical behavior and conformations of semiflexible colloidal chains under 
confinement via Brownian Dynamics simulations. External fields, such as gravitational 
or magnetic field, are also applied to help characterize chain dynamics under 
geometrical constraints. To describe such system, spatial correlation, total energy, and 
end-to-end length of chains are calculated. We also discuss the possible collapse of 
chains considering the effect of chain-wall interaction, field strength and flexibility of 
chains in both qualitative and quantitative manners. 
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Dissipative particle dynamics models for heavy oil fraction 

Tianying Ma, Aleksey Vishnyakov, shibboleth@list.ru. Chemical & Biochemical 
Engineering, Rutgers the State University of NJ, Piscataway, New Jersey, United States  

Asphaltenes are polyaromatic compounds that form the most problematic fraction of 
crude oils. Many industrial problems such as pipeline plugging are attributed to complex 
behavior of asphaltenes. While asphaltenes are operationally defined as a solubility 
class, being soluble in toluene but insoluble in heptane, they exist in colloidal form. 
Polyaromatic cores form nanosized primary aggregates or clusters, stabilized by 
aliphatic chains attached to polyaromatic cores of asphaltenes or resins, smaller 
molecules of similar structure with higher aliphatic content. 
 
In this work asphaltene aggregation is studied by Diddipative Particle Dynamics (DPD) 
simulations. The DPD models of asphaltenes and resins that involves beads of different 
diameters is constructed using the experimental data on the structure of asphaltene 
aggregates and thermodynamic properties of reference compounds 1 With this model, 
we explore the structure of solutions of asphaltenes and resins in toluene-hexane 
mixtures of different compositions. 
 
1. Vishnyakov, A.; Lee, M-T.; Neimark, A.V. Prediction of the Critical Micelle 
Concentration of Nonionic Surfactants by Dissipative Particle Dynamics Simulations, J. 
Phys. Chem. Lett. 2013, v.4, p 797-802 

 

 
 
Snapshot of asphaltene aggregates in toluene-hexane mixture: aromatic cores in blue, hydrophilic 
groups in red, aliphatic sidechains in green 
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Investigation of the motion of patchy particle swimmers 

Zohreh Jalilvand, zjalilv000@citymail.cuny.edu, Ilona Kretzschmar. Chemical 
Engineering, City College of New York, New York, New York, United States  

Recently, active colloids have been the subject of growing interest among scientists, 
due to their vast variety of applications. Many studies have been focused on medical, 
biomedical and environmental applications of active colloids. Active colloids known as 
self-propelled particles swim in a hydrogen peroxide solution by decomposition of H2O2 
into oxygen and H2O. Many studies examined the directionality of motion of Janus 
particles. In this context, we aim to probe the motion of particles partially coated with 
platinum. We use the Glad Angle Deposition (GLAD) technique to make patchy 
particles. Here, we characterize the motion of patchy particles as the patch size is 
varied from 11%, to 25%, to 50% of the particle surface area. We study the trajectory of 
the motion of the particles to investigate how by changing the patch area we can 
manipulate and control the motion of particles. The motion of the patchy particles is 
analytically predicted by a model developed by Popescu et al. and shows good 
agreement with the experimentally observed velocities. This study illustrates the 
potential to precisely control the motion of particles by controlling their properties rather 
than depending on the changes in the environment. 
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3D printing of discontinuous fiber composites with tunable, bio-inspired 
microarchitectures through colloidal magnetic assembly 

Joshua Martin, martin.j.joshua@gmail.com. Mechanical Engineering, Northeastern 
University, Boston, Massachusetts, United States  

Despite the material selection limitations faced by biological systems, many natural 
composites achieve superior toughness and strength to weight ratios through the 
precise ordering of their microscopic building blocks. Understanding the strengthening 
mechanisms of various structural bio-composites can lead to implementing these 
designs in high performance man-made composite materials. However, there is 
currently a gap between understanding these structures and being able to successfully 
assemble them. This research covers a new approach for obtaining polymer-based 
composites with full control over reinforcing microstructure leading to tunable 
mechanical, thermal, and optical properties. 
 
In this work, we detail an approach that employs directed colloidal assembly in concert 
with the 3D printing process to provide programmable control over the orientation of 
reinforcing particles within a composite. We have manufactured composites with 
elegant reinforcement architectures that feature hard and soft phases on the order of 
microns. The printed materials are designed with feedback from finite element analysis 



in order to optimize reinforcing architectures and lead to enhanced stiffness (3-fold 
increase over neat polymer), increased strength, and higher fracture energy properties. 
This method is robust, low cost, scalable, sustainable, and will enable an entirely new 
class of strong, lightweight composite prototypes with programmable properties.The 
capability of creating materials with deterministic material properties lends itself to 
multifunctional materials with applications in aerospace, biomedical, and embedded 
electronics. 

 

 
 
 

CSSS 227 

Non-equilibrium pattern formation of Janus particle and pluronic under 2D 
confinement 

Ellen Knapp, eknapp000@citymail.cuny.edu, Ilona Kretzschmar, Raymond S. Tu. 
Chemical Engineering, City College of New York, New York, New York, United States  

In recent years, studies on dichlorodimethyl silane surface-modified silica particles and 
Janus particles have revealed interesting packing behavior at the air-water interface. In 
our own exploration of the single component particle system, we have observed a range 
of behaviors including buckling, folding and subduction. The particle size and spacing in 
these systems is on a length-scale that interacts with visible light. Thus, there is 
potential to yield materials or coatings with tunable optical properties if the spacing in 
the particle layer can be controlled. 
 
The work presented highlights the non-equilibrium behavior of anisotropic particles 



coupled to amphiphilic co-polymers such as pluronic, which have also demonstrated 
unique conformational changes under compression and are well documented in the 
literature. Combination of the particle systems with pluronic provides control over the 
spacing and patterning of the particle layers. Using a Langmuir trough, surface pressure 
isotherms of mixed particle-pluronic systems are obtained, revealing composite-like 
behavior at the interface. Additionally, Brewster angle microscopy is used to observe 
the phase behavior of the two-component systems under compression and expansion. 
Current experiments investigate these mixed systems under varying compression rates. 
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Magnetically functionalized endoskeletal droplets 

Tamas A. Prileszky, tprilesz@udel.edu, Eric M. Furst. Chemical and Biomolecular 
Engineering, University of Delaware, Newark, Delaware, United States  

Endoskeletal droplets are oil-in-water emulsions that retain anisotropic shapes owing to 
an internal, soft-crystalline network that counteracts surface tension. While individual 
droplets provide interesting platforms for studying anisotropic liquid-liquid interfaces, the 
droplets have non-specific interactions that confound the assembly of interesting bulk 
structures. This limitation may be overcome through the application of external fields; 
we demonstrate the addition of ferromagnetic materials to endoskeletal droplets in order 
to remotely manipulate discrete droplets by applying external magnetic fields. Droplets 
produced in microfluidic devices may be laden with ferrofluids, exhibiting interesting 
behaviors under the influence of both high- and low-frequency toggled magnetic fields: 
high-frequency fields tend toward droplet response, while low-frequency fields modulate 
droplet assembly. This study presents new possibilities in emulsion control, both with 
structured and non-structured droplet systems. 
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Universal behavior of hydrogels confined to narrow capillaries 

Yang Li2, liang85727@gmail.com, Arun Ramachandran2, Eugenia Kumacheva2, Ozan 
Sariyer1, Michael Rubinstein1, Sergey Panyukov3. (1) UNC Chapel Hill, Chapel Hill, 
North Carolina, United States (2) University of Toronto, Toronto, Ontario, Canada (3) 
Russian Academy of Sciences, Moscow, Russian Federation  

Flow of soft matter objects through one-dimensional environments is important in 
industrial, biological and biomedical systems. For example, blood clots can cause 
vascular occlusions and result in myocardial infarctions, stroke and pulmonary 
embolism. Establishing the underlying principles of the behavior of soft matter in 
confinement can shed light on its performance in many man-made and biological 
systems. In the present work, we report an experimental and theoretical study of 
translocation of micrometer-size hydrogels (microgels) through microfluidic channels 
with a diameter smaller than an unperturbed microgel size. For the different degrees of 



confinement of microgels with varying mechanical properties in capillaries with different 
entrance angles we established experimentally and theoretically the underlying 
principles for (i) the microgel's location in the constriction under a particular applied 
pressure difference; (ii) the critical applied pressure difference beyond which the 
microgel passes the constriction; (iii) the loss of water by the confined microgel and (iv) 
the flux of liquid through the confined microgel. According to our study, the position, the 
applied translocation pressure difference, and the change in volume of the confined gel, 
when normalized appropriately, depend only on the degree confinement and the 
geometry of tapered region, and are independent of the polymer concentration in the gel 
in its undeformed state. Importantly, we show the relationship between these 
parameters and predict the behavior of the microgel in confinement using a theoretical 
model, which is in excellent agreement with experimental results. This work has direct 
implications for the embolization of blood capillaries with hydrogel particles or for the 
needle-assisted injection of hydrogels for drug delivery and tissue engineering. For 
biological systems with a higher complexity, e.g., for thromboembolism or the flow of 
blood cells under confinement, our results may help in gaining understanding of the 
physical principles governing the system behavior. Furthermore, the non-monotonic 
change in flow rate of liquid through the occlusive microgel has far-reaching implications 
for the diffusion-driven vs. convection mediated mechanism of thrombolysis achieved by 
supplying a solution of a thrombolytic drug to the clot occluding a blood vessel. 
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Physicochemical properties of Cu loaded onto core-shell Al-MCM-41: Effect of 
loading methods 

Tanasan Intana, tanasan74@hotmail.com. Chemical Engineering, Bangkok, Thailand  

Copper species in the structure of Cu/core-shell Al-MCM-41 catalysts prepared by 
different techniques of Cu loading including substitution, ion-exchange, and 
impregnation methods were characterized by using temperature-programmed reduction, 
surface area and porosity analyzer, diffuse reflectance UV-visible-near-infrared 
spectroscopy, Fourier transforms infrared spectroscopy. Cu2+ in tetrahedral coordination 
was mostly found from the substitution method. However, from this method CuO was 
formed from the excess solution of copper nitrate trapped within pores of Al-MCM-41. 
For the ion-exchange method, only Cu2+ ions were detected. On the other hand, for the 
impregnation method with high copper loading, the observed copper species was CuO 
crystals, while with low copper loading both CuO and Cu2+ ions were detected. The 
acidity of catalysts was also studied by NH3-TPD. It was found that the distinction of 
copper species in the structure had an effect on BrØnsted acid of pre- and post-
reduction catalysts, especially in the impregnation method. This study reveals a 
perspective in the fundamental understanding of copper species-based catalysis. 
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Surfactant enabled stabilization and dispersion of liquid metal nanoparticles 

Lauren Finkenauer2, lrfinken@gmail.com, Michael R. Bockstaller1,2. (1) Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States (2) Materials Science & 
Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Low temperature metals or alloys have become an intriguing platform for 
nanocomposite materials in areas such as soft robotics. However, challenges exist that 
prevent a more pervasive use of this emerging class of material. One major difficulty is 
the absence of strategies that enable the dispersion of nanometer-sized droplets and 
the formation of nanocomposites with uniform morphology. Current methods involve 
mechanically forced dispersion of liquid metal droplets – a process that results in 
micron-sized inclusions with irregular distributions of size and shape. This limitation 
constrains both the control of properties of composite materials as well as potential 
applications, and controlled dispersion of these low temperature metals has yet to be 
demonstrated. Techniques borrowed from the field of classical polymer 
nanocomposites, namely the use of surfactants, may be useful for controlling both the 
size and dispersion morphology of liquid metal particle (LMP) inclusions, as well as 
preventing particle coarsening. To facilitate the application of this concept to 
nanocomposites with LMPs, research has to elucidate surfactant coupling chemistries 
that enable strong binding to particle surfaces as well as the role of surfactant 
modification on the interaction between LMPs in solution and polymeric media. This 
research aims to better understand the influence that certain surfactant parameters (e.g. 
chemistry and structure) has on its ability to effectively bind to stabilize low temperature 
and liquid metal particles, using eutectic Ga-In as the model system. 
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Colloid retention and removal investigated with PDMS replicas of fresh produce 

Taozhu Sun, taozhu@udel.edu, Volha Lazouskaya, Yan Jin. University of Delaware, 
Newark, Delaware, United States  

Foodborne illnesses involving fresh produce have been increasingly causing concerns 
around the world. Surface properties of produce can affect bacterial attachment and 
colonization on produce surfaces, leading to contamination and illness outbreaks. 
Nevertheless, mechanisms of surface roughness, topography and hydrophobicity 
effects on bacterial retention remain poorly understood. Our previous work, using 
spherical colloids as bacterial surrogates, clearly demonstrated the effects of water 
retention amount, which is controlled by roughness, topography and hydrophobicity, on 
colloid retention on fresh produce. However, the results showed high variability among 
samples due to the complexity of fresh produce thus were difficult to interpret the 
simultaneous effects of multiple factors. To further elucidate the mechanisms involved, 
we fabricated polydimethylsiloxane (PDMS) replicas of tomato, lettuce and spinach, 
which preserve surface roughness and topography features of the natural produce 
surfaces, but have the same surface hydrophobicity. Surface roughness, contact angle, 
and water distribution of the PDMS replicas were characterized and compared with 
natural produce. We then conducted batch experiments to quantify retention of 
fluorescent colloids (d=1μm) on PDMS replicas, PDMS flat surface (as control), and 
corresponding produce surfaces, using confocal microscopy. Our results further 
illustrated colloid retention correlated with water distribution, which is a combination 
effect of topography, contact angle and roughness. Moreover, rinsing efficiency with 
NaCl solution (0.3 mM) and surfactant Tween 80 (10ppm, 100ppm) solutions differed in 
colloid removal from the replica surfaces at different withdrawal velocities. Collectively, 
surface properties, withdrawal velocity, and surface tension control cleaning efficiency 
of the surfaces. These results provide scientific insight for developing efficient 
decontamination methods. 
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Effect of fluid elasticity on spiral vortex formation in cross-slot flow 

Noa Burshtein2, noa.burshtein@oist.jp, Simon J. Haward1, Amy Q. Shen2. (1) 
Micro/Bio/Nanofluidics, Okinawa Institute of Science and Technology, Onna-son, 
Okinawa, Japan (2) Micro/bio/nanofluidics, Okinawa Institute of Science and 
Technology Graduate University, Onna son, Okinawa, Japan  

Recent studies show that Newtonian fluid flow in cross-slot channels results in a steady 
spiral vortex instability as the Reynolds number is increased above a modest critical 
value (Rec). This symmetry-breaking flow bifurcation can be described by the Landau 
model of equilibrium phase transitions, and is found to occur near a tricritical point 
(Haward et al., Phys. Rev. E 93, 031101, 2016). This flow instability has potential to 
enhance and control the mixing of complex fluids at the low Re typically encountered in 
microfluidic devices. Controlling flow stability and mixing in microfluidic channels are two 



important problems in the design of lab-on-a-chip devices, which often involve flows of 
non-Newtonian fluids. Here, we use quantitative flow velocimetry measurements to 
conduct a controlled study of the effects of viscoelasticity on the onset and development 
of the instability in poly(ethyleneoxide) solutions (PEO, 4 MDa) over a range of 
concentrations 0 ≤ c ≤ 500ppm. We characterize elastic effects in the fluids by the 
Weissenberg number (Wi). We find that increasing the concentration of polymer results 
in a reduction of Rec; it also suppresses the intensification of vorticity and distorts the 
central spiral shape (Fig. 1c). We note that Wi increases beyond 0.5 as the vortex forms 
in the PEO solutions, suggesting the role of fluid elasticity. For both Newtonian and non-
Newtonian fluids, the bifurcation can be described with the Landau model of equilibrium 
phase transitions (Fig. 1b). 

 

 
 
Fig.1 (a) Schematic drawing of the cross-slot device. The measurement plane is located in the 
center of the channel (x=0) (b) Maximum vorticity in the x=0 plane as a function of Re, data is 
fitted using Landau model. Inset shows the reduction in Rec with increasing PEO concentration. 
(b) μ-PIV images showing vorticity and streamlines for water, 100 ppm and 500 ppm PEO (top 
to bottom, respectively) at the Re and Wi indicated. 
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Biphasic electrode suspensions for Li-ion semi-solid flow cells with high energy 
density, fast charge transport, and low-dissipation flow 



Teng-Sing Wei1, imseanwei@gmail.com, Frank Y. Fan2, Ahmed Helal3, Kyle C. Smith4, 
Gareth McKinley3, Yet-Ming Chiang2, Jennifer Lewis5. (1) School of Engineering and 
Applied Sciences, Harvard University, Cambridge, Massachusetts, United States (2) 
Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States (3) Mechanical Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States (4) Mechanical Engineering, 
University of Illinois at Urbana Champaign, Urbana, Illinois, United States  

Semi-solid flow cells (SSFCs) merge Li-ion batteries' high performance materials with 
flow batteries' scalable decoupled energy and energy infrastructure, resulting in a 
promising energy storage technology for our grid-scale needs. We have created a new 
class of biphasic electrode suspensions for SSFCs that possess high active material 
content, yet simultaneously exhibit improved flow behavior and electronic conductivity. 
The ability to independently tune the stability of two (or more) particle populations 
enables one to engineer concentrated suspensions that exhibit flow behavior akin to 
that observed for purely attractive electrode systems, while achieving far higher 
electronic conductivities. This was achieved through colloidal processing, micro-CT, 
rheological characterization, numerical modeling, and electrochemical characterization. 
Given the suspensions' enhanced performance, thicker electrodes can be used leading 
to higher theoretical areal energy densities. Cycling performance of our biphasic LFP 
suspension showed an energy density of 93 Wh/L, almost five-times of an all Vanadium 
flow battery. Our approach, which has been demonstrated for both LFP and LTO 
suspensions, opens new avenues for tailoring composite suspensions, including other 
mixtures of electrochemically active and electronically conductive species. 
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Validation of a coagulation assay used to determine the effect of ionic strength 
on the turbidity reduction capabilities of Moringa oleifera cationic protein 
fractions 

Brittany Nordmark2, brittanynordmark@gmail.com, Robert D. Tilton1, Todd M. 
Przybycien2. (1) Dept Chemical Eng, Carnegie Mellon Univ, Pittsburgh, Pennsylvania, 
United States (2) Chemical Engineering, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States  

Turbidity readings from a standard jar test were compared to turbidity readings from a 
96 well-plate coagulation assay in order to determine if the well-plate coagulation assay 
is an accurate scale-down of the jar test. Following a standard procedure, a 200 mg/L 
kaolin clay suspension with an equivalent alkalinity of 84 mg/L calcium carbonate was 
used to model turbid water, and aluminum potassium sulfate dodecahydrate (alum) was 
used as a coagulant. The turbidity readings from the well-plate coagulation assay were 
consistently and significantly higher than the turbidity readings from the jar tests once 
the alum critical coagulation concentration (CCC) had been reached. However, the well-
plate coagulation assay with a 3 hour settling time predicted the same alum CCC and 
most effective alum dosage as the standard jar test with a 0.25 hour settling time. 
 
Moringa oleifera cationic proteins were fractionated using a strong cationic exchange 
column. The turbidity reduction capabilities of select fractions and combinations of 
fractions were determined using the well-plate coagulation assay with a settling time of 
3 hours. A 1 g/L kaolin clay suspension was used to model turbid water. The 
coagulation assay was implemented using EPA model freshwaters at various ionic 
strengths ranging from approximately 0 mM (ultrapure water) to 18.33 mM. At each 
ionic strength, the individual fractions and combinations of fractions produced similar 
ranges of protein concentrations that effectively reduced the turbidity of the kaolin 
suspension. In ultrapure water, all of the individual fractions and combinations of 
fractions induced flocculation at protein concentrations of 5-10 µg/mL “BSA equivalent.” 
(Protein concentration was determined using a Pierce® 660 nm Protein Assay from 
Thermo Scientific, which implements bovine serum albumin as a calibration standard.) 
Moringa oleifera cationic proteins were not needed to induce flocculation at the highest 
ionic strength. SDS-PAGE showed that the protein fractions have molecular weights 
ranging from 13-20 kDa. Dynamic light scattering showed that the four most cationic 
fractions are similar in size, and circular dichroism showed that they are similar in 
secondary structure. 
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Equilibrium interfacial properties of poly(ethylene oxide) star polymers compared 
to linear polymers at the air/water and oil/water interfaces 

Yun-Ru Huang, yunruh@andrew.cmu.edu, Robert D. Tilton. Dept Chemical Eng, 
Carnegie Mellon Univ, Pittsburgh, Pennsylvania, United States  

Surface and interfacial tensions as well as adsorption behavior of poly(ethylene oxide) 
(PEO) star polymers with 64 arms are investigated at the air/water, xylene/water and 
cyclohexane/water interfaces. The interfacial behavior of PEO star polymers is of 
interest because of their high efficiency emulsification performance. We show that PEO 
star polymers display enhanced surface and interfacial tension reduction compared to 
PEO linear polymers with molecular weights comparable to either an entire star polymer 
or a side chain. Ellipsometry measurements indicate that PEO stars produce a greater 
surface excess concentration than the linear polymers, which is attributed to the dense 
packing of star polymers at the interface. This demonstrates the correlation of polymer 
architecture and interfacial activity that may aid the design of novel polymeric 
emulsifiers or foaming agents. Dispersing PEO star polymers in the xylene phase yields 
higher interfacial tension reduction at the xylene/water interface than initially dispersing 
PEO stars in the aqueous phase, whereas the interfacial tension for linear polymers 
shows no dependence on the phase in which they are initially dispersed. This path 
dependent interfacial tension for PEO star polymers suggests that the free energy 
landscape for star polymer adsorption may be quite complex, with local minima 
accessible by star polymers depending on the route they take to the interface. In 
addition, we report the observation of spontaneous emulsification with PEO stars at the 
xylene/water interface. This only occurs when PEO stars are initially dispersed in the 
xylene phase, and does not occur with linear PEO. The water-in-oil droplets increase in 
size with time, diffuse into the bulk xylene phase and coalescence within 5 minutes. A 
mechanism based on Marangoni convection induced by PEO star adsorption is 
postulated. 
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Parallelized high-throughput millifluidic production of large double emulsions 
and milli-capsules composed of viscous shell material 

Saraf Nawar1, snawar@g.harvard.edu, Du Nguyen3, Max Eggersdorfer1, Joshuah 
Stolaroff3, David Weitz2. (1) Harvard John A. Paulson School of Engineering and 
Applied Sciences, Waltham, Massachusetts, United States (2) Dept of Physics Pierce 
Hall, Harvard Univ, Cambridge, Massachusetts, United States (3) Lawrence Livermore 
National Laboratory, Livermore, California, United States  

We introduce a robust approach for the production of large, monodisperse double 
emulsions with diameters on the millimeter length scale. We utilize 3D-printed masters 
for the fabrication of microfluidic devices with millimeter-sized three-dimensional 
features. Our device produces core-shell structures with outer diameters exceeding 800 
μm and composed of high viscosity shell material, with oil viscosities over 100 times that 



of water. Our devices are also highly scalable, which we demonstrate by parallelizing 
our devices for the scaled-up production of large double emulsions composed of 
silicone shells. Our devices offer a cheap, reliable approach for the rapid prototyping of 
high-throughput millifluidic devices for the production of complex emulsions with 
dimensions in the millimeter range. 
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Flow of wormlike micellar solutions around confined microfluidic cylinders 

Simon J. Haward1, simon.haward@oist.jp, Ya Zhao2, Amy Q. Shen1. (1) 
Micro/Bio/Nanofluidics, Okinawa Institute of Science and Technology, Onna-son, 
Okinawa, Japan (2) Mechanical Engineering, University of Washington, Seattle, 
Washington, United States  

We examine the flow of a wormlike micellar (WLM) solution through microchannels 
containing microfabricated cylinders on the central axes of the channels. We use a 
WLM solution composed of cetyl trimethylammonium bromide (CTAB) mixed with a 
strong hydrotropic salt 3-hydroxy-napthalene-2-carboxylate (SHNC), that is known to 
form a stable WLM network via π-π and cation-π interactions [1]. We have designed 
three devices with different cylinder blockage ratios β = D/W, where D is the cylinder 
diameter and W is the channel width, Fig. 1a. We use a combination of streak imaging, 
micro-particle image velocimetry and full-field flow-induced birefringence measurements 
to examine transitions in the flow both qualitatively and quantitatively as we 
systematically vary the Reynolds number (Re) and the Weissenberg number (Wi) over a 
wide range, Fig. 1b. The small length scales and consequent high deformation rates 
achieved in the microfluidic devices leads to strong viscoelastic effects in the micellar 
solution, which are clearly evident in comparison with a Newtonian fluid over a similar 
range of Re. In addition, we find that the WLM solution displays contrasting viscoelatic 
effects compared with a solution of covalently-bonded polymers over a similar range of 
Wi, which we attribute to the distinct stress-relief mechanisms of the fluids under flow. In 
the wormlike micellar solution the flow exhibits a number of distinct transitions upstream 
and downstream of the cylinder depending on and the imposed flow rate. As the flow 
rate increases, we characterize these transitions sequentially as: Newtonian-like, 
bending streamlines, vortex growth upstream, unsteady flow downstream and three-
dimensional flow upstream, and we map the transitions in a dimensionless Wi – Re 
parameter space. 
 
[1] Y. Zhao, S.J. Haward & A. Q. Shen, Journal of Rheology, 59:1229-1259 (2015). 

 



 
 
Fig. 1: (a) schematic drawing of the single cylinder geometry, defining the principal dimensions, 
the coordinate system and the flow direction. (b) Flow streak images and corresponding optical 
retardance, δ, measured in the WLM solution in a cylinder geometry with β = 0.67 at the 
indicated Re and Wi. Flow is left-right, scale bar is 200 μm. 
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Collective motion of mammalian cell cohorts in a 3D matrix 

Yasha Sharma, ysharma@hsph.harvard.edu. School of Public Health, Environmental 
Health, Harvard University, Boston, Massachusetts, United States  

Collective cell migration is ubiquitous in biology, from development to cancer; it occurs 
in complex systems comprised of heterogenous cell types. signals, and matrices, and 
required large scale spatiotemporal regulation. Understanding how cells achieve 
collective motion is crucial to addressing cellular function and disease progression. 
While current two dimensional model systems recapitulate the dynamic properties of 
collective cell migration, equivalent three dimensional model systems have proved 
elusive. To establish such a model system, we study individuals within cellular cohorts 
embedded in 3D collagen scaffolding. We develop a custom algorithm to quantify the 
spatial and temporal heterogeneity of motion in cell cohorts during motility events. In the 
absence of external driving agents, we show that these cohorts rotate in short bursts, <2 
hours, and translate for up to 6 hours. Analysis of intracohort heterogeneity suggests 
that translating cohorts have a supra-cellular polarity. We test the hypothesis of 
supracellular polarity by running in silico experiments in which cells behave as self-
propelled units that can change direction to align with their neighbors and speed based 
in intercellular adhesion. The in silico experiments show that differential adhesion can 
lead to translation but not rotation within intracellular cohorts. We hypothesize that 
rotation of cohorts occurs due to barriers created by extracellular matrix, and test this 
hypothesis by seeding cellular cohorts in non-degradable matrices. These parallel 
hypothesis shed some light on mechanisms of collective migration employed by cell 
collectives, and pave a path for quantitative analyses of these. 

 



 
 
Trajectories of cells from cellular cohorts in a few motility events. Each spot represents a single 
cell, the black lines represent a trajectory. Reference: Sharma, Y., Vargas, et al. Integr. Biol., 
7(12), 1526–1533. 
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Fabrication of three-dimensional photonic structures utilizing composite colloids 

Tanya Shirman2,1, tshirman@seas.harvard.edu, Joanna Aizenberg2,1. (1) Wyss institute 
for biologically inspired engineering, Cambridge, Massachusetts, United States (2) 
SEAS, Harvard University, Cambridge, Massachusetts, United States  

The 3D nanoporous structures of the inverse opals, synthesized from a sacrificial 
colloidal crystal template, are potential candidates for applications in photonics, sensing, 
and catalysis. In order to utilize these structures as functional materials, tuning the 
inverse opal composition is extremely important. The incorporation of metal 
nanoparticles into inverse opals results in coupling of photonic and plasmonic 
properties, as well as the additional introduction of catalytic properties, thus greatly 
expands the possible applications of these composite materials.<span style="font-
size:10.8333px; line-height:17.3333px"> </span>Moreover, the precise control over 
metal nanoparticles distribution into inverse opals structures, in particular the controlled 
placement of such particles at the air/solid interface of the individual pores, results in a 
higher accessibility of nanoparticles and may enormously enhance their effective 
utilization as catalysts, sensors, photonic structures and SERS substrates. In this work 
we synthesized composite polystyrene (PS) colloids by covalent attachment of various 



metal nanoparticles (e.g. gold, platinum) to the chemically modified PS surface. These 
composite PS-AuNP colloids were subsequently used as colloidal templates for inverse 
opal formation. SEM and TEM measurements reveal the formation of ordered 3D 
porous structures with well controlled metal nanoparticlea distribution. 
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Multi-compartmental microgel for controlled 3D cell assembly 

Liyuan Zhang1, liyuanzhang@seas.harvard.edu, Huanan Wang1, Angelo Mao3, David 
Weitz2. (1) Harvard School of Engineering and Applied Science, Harvard University, 
Cambridge, Massachusetts, United States (2) Dept of Physics Pierce Hall, Harvard 
Univ, Cambridge, Massachusetts, United States (3) Harvard University, Cambridge, 
Massachusetts, United States  

3D cell assemblies are being utilized to a great extent for in vivo replacement for 
damaged tissues and organs and also have a significant role in vitro drug screening. 
However, these tissue mimics are now predominantly based on well-established 2D 
culture technique of human cell and other model tissue and organ. For reconstruct the 
hierarchical and controlled organization of various cell types in 3D muti-coculture mode 
is still challenging. Here, we here present a new platform for controlled cell 
encapsulation and 3D-coculture cell assembly using microfluidic technique. This 
platform allows high-throughput, controllable encapsulation of multiple cell type within 
compartmentalized alginate microgels and provides 3D tunable micro-environment to 
allow long-term cell functionality. We present the suitability of this approach for 
encapsulation of living mesenchymal stem cell(MSC). Meanwhile, we also 3D 
successfully assemble MSC with human umbilical vascular endothelium cell(EC). The 
results clearly demonstrate that EC has a significant impact on MSC, particularly the 
regulation of osteogenesis. 
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Study of self-aggregation behavior of PEGylated curcumin nanoparticles in water 
and salt solutions 

Ezaz Hasan Khan, mdezazhasan_khan@student.uml.edu, Joshna Chittigori, 
Sammaiah Thota, Lian Li, Daniel J. Sandman, Jayant Kumar. Center for Advanced 
Materials, University of Massachusetts Lowell, Lowell, MA, USA, Lowell, 
Massachusetts, United States  

The bioavailability of a hydrophobic drug can be increased by covalently linking it with 
polyethylene glycol (PEG), resulting in an aqueous solution or a nanoparticle dispersion. 
Curcumin, a naturally occurring biocompatible molecule, which is known for its potential 
therapeutic applications, was conjugated with PEG to make it water soluble. However, 
the PEGylated curcumin when dissolved in distilled water (concentration: 40 µg/mL), 
self-assembled into stable nanoparticles of average size 90 nm at room temperature. 
The micellar aggregation of mono and bis-PEGylated curcumin was studied using 
dynamic light scattering (DLS) technique. No change in the size of the nanoparticles 
was observed when the concentration of the solution was increased from 40 µg/mL to 1 
mg/mL. However, an increase in the average size of the particles was observed when 
the self-aggregation behavior was studied in sodium chloride solution. Micron size 
particles were detected using DLS when the PEGylated curcumin was dissolved in a 
0.15 M sodium chloride solution. In addition, the PEGylated curcumin nanoparticles 
having concentration 40 µg/mL precipitated out of the solution when heated to a 
temperature of 70 °C. Experimental details and results will be presented in the 
symposium. 
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Osmotic pressure triggered rapid release of encapsulated enzyme with enhanced 
retention of activity 

Weixia Zhang, weixiazhang@g.harvard.edu, Alireza Abbaspourrad, Dong Chen, David 
Weitz. John A. Paulson School of Engineering and Applied Sciences, Harvard 
University, Arlington, Massachusetts, United States  

Enzymes have been widely used in modern industry since last century. However, how 
to stabilize enzymes in industrial environment is still a big challenge for practical 
applications of enzymes. Here, we report a one-step microfluidic approach to stabilize 
enzymes by encapsulating enzymes within monodisperse microcapsules with polymer 
shell. The encapsulated enzyme can be released by adding water to trigger osmotic 
pressure change. By engineering the shell property, more than 90% release of enzymes 
can be achieved with PMMA shell. More importantly, the release enzymes show 



enhanced retention of activity, which is over 80% after incubation at room temperature 
for 47 days. While free enzyme in the same buffer solution can only retain 20% activity, 
or even completely lose activity in detergent. These results demonstrate the new 
approach for facile encapsulation and release of enzymes and make it valuable for 
industrial applications of enzymes. 
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Ethanol dehydrogenation on Cu (111) and Pt / Cu (111) single atom alloys 

Mostafa El Soda2, mostafa.el_soda@tufts.edu, Felicia Lucci2, Matthew Marcinkowski2, 
Andrew Therrien2, Zhitao Wang2, E Charles H. Sykes1. (1) Tufts University, Roxbury, 
Massachusetts, United States (2) Chemistry, Tufts University, Medford, Massachusetts, 
United States  

Selective dehydrogenation of ethanol to acetaldehyde and hydrogen gas is an important 
reaction for both energy and synthetic chemicals industries. Ethanol dehydrogenation 
has been shown to occur on Ag and Au single crystals only after pre-adsorption of 
oxygen atoms yielding acetaldehyde and water. Selectivity is maintained when the 
reaction is undergone on more reactive Cu (110) and oxygen pre-adsorption increases 
the acetaldehyde yield but is not required. In a series of temperature programmed 
desorption experiments we show that the reaction occurs on the less reactive surface 
Cu (111) without oxygen pre-adsorption at 100% selectivity to yield acetaldehyde and 
hydrogen. We also verify the effect of introducing defects in the Cu surface on boosting 
yields of both products. In addition, we show that alloying isolated Pt atoms in the Cu 
(111) surface lowers the activation energy for dehydrogenation and increases the yield 
while maintaining selectivity. The Pt atoms introduced into the surface provide a low 
temperature path for recombination of hydrogen adatoms and their subsequent 
desorption. They thus act as a probe for the mechanism of dehydrogenation. We think 
that on Pt / Cu (111) surfaces the reaction occurs in two steps through a surface bound 
ethoxy intermediate that spills over from their sites of formation on the Pt adatoms to the 
surrounding Cu (111) surface sites. On both bare Cu (111) and Pt / Cu (111) water co-
catalyzes dehydrogenation but we expect that the reaction could occur on both surfaces 
as "dry" without introduction of water. The findings are interesting for both practical 



industrial considerations and academic investigations. They suggest significant catalyst 
cost reductions, reaction energy savings, elimination of wasteful product separation 
procedures and product yield enhancement. They also give insight into the step-wise 
reaction mechanism, active sites on the catalyst surfaces and overall energy profile of 
the process. 
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Effect of surfactant bilayers and substrate on the refractive index sensitivity and 
catalytic properties of anisotropic gold nanoparticles 

Mohammad M. Shahjamali2,1, mshahjamali@gmail.com, Erik Martinsson4, Negin 
Zaraee1,3, Nicolas Large3, George C. Schatz3, Daniel Aili4. (1) School of Materials 
Science and Eng, Nanyang Technological University, Singapore, Singapore (2) Harvard 
John A. Paulson School of Engineering and Applied Sciences, Harvard University, 
Cambridge, Massachusetts, United States (3) Department of Chemistry and 
International Institute for Nanotechnology, Northwestern University, Evanston, Illinois, 
United States (4) Department of Physics, Chemistry and Biology (IFM), Linkoping 
University, Linkoping, Sweden  

Generally, synthesis of anisotropic gold nanoparticles (NPs) involves the use of 
surfactants, typically cetyltrimethylammonium (CTAX, X = Cl−, Br−), to regulate the 
nucleation, growth and stablility of the NPs. The surfactants adsorb on the NPs surface, 
making further functionalization difficult and therefore limit their use in many 
applications. 
In this work, we experimentally and theoretically show that the CTAX bilayer 
significantly reduces the refractive index (RI) sensitivity of anisotropic gold NPs such as 
nanocubes, concave nanocubes, nanorods, and nanoprisms. The RI sensitivity can be 
increased by up to 40% by removing the surfactant layer from NPs immobilized on a 
solid substrate using oxygen plasma treatment. Moreover, the selective removal of the 
surfactants improves their biofunctionalization and catalytic properties. The strategy 
presented herein is a simple yet effective universal method for enhancing the RI 
sensitivity of CTAX-stabilized gold NPs. 

 



 
 
Increased refractive index sensitivity, improved biofunctionalization and catalytic activity of 
anisotropic gold NPs stabilized by surfactants is reported using a simple yet effective method 
based on oxygen plasma treatment. Our findings open up new opportunities for the design, and 
optimization of nanostructures that are important in the development of high precision 
nanoplasmonic-based biosensors and other biomedical devices. 
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Rheological behaviors of graphene oxide suspensions 

Liangliang Qu2, lqu@seas.harvard.edu, Jinrong Wu4,2, Liheng Cai2, Stephan Koehler2, 
Zach Gault3, David Weitz1. (1) Dept of Physics Pierce Hall, Harvard Univ, Cambridge, 
Massachusetts, United States (2) Harvard University, Cambridge, Massachusetts, 
United States (3) Applied Physics, Harvard University, Cambridge, Massachusetts, 
United States (4) College of Polymer Science and Engineering, Sichuan University, 
Chengdu, Sichuan, China  

Many promising applications of graphene materials，such as three-dimensional printing 
ink, coating and reinforcing agent in polymer nanocomposites and energy storage 
materials, are achieved by controlling over the viscoelastic response of graphene oxide 
(GO) suspensions. Here, we studied the rheological behaviors for suspensions of GO 
with controllable lateral/thickness ratio ranging from ~10 to ~1000. We find that the yield 
strain of the suspension increases with the increase GO concentration for GO with large 
lateral/thickness ratio ~1000, in sharp contrast to suspension of small GO, 
lateral/thickness ratio ~100, and traditional colloidal systems, for which the yield strain 
decrease at higher concentration. Moreover, the suspension of GO with high 
lateral/thickness ratio exhibits isotropic/nematic ordering transition at extremely low 
concentration slightly above the overlap concentration. This surprising behavior of large 
GO is due to transition from non-Brownian to Brownian motion as increasing the 
concentration. The transition is caused by the competition between diffusional relaxation 
and shear induced alignment. Better understanding rheological behaviors of such 
suspensions will benefit fabrication of graphene-based materials. In addition, the 
suspensions with two-dimensional GO particles offer a model system for understanding 
colloidal physics. 
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Equilibrium crystal phases of triblock Janus colloids 

Wesley F. Reinhart, wfr@princeton.edu, Athanassios Panagiotopoulos. Princeton Univ, 
Princeton, New Jersey, United States  

Triblock Janus colloids, which are colloidal spheres decorated with attractive patches at 
each pole, have recently generated significant interest as potential building blocks for 
self-assembled colloidal crystals. Their inherent anisotropy is known to induce self-
assembly into open structures at moderate temperatures and pressures, where they are 
stabilized over close-packed crystals by entropic effects, and over the fluid phase by 
enthalpic ones. We present a numerical investigation of the equilibrium phases of the 
triblock Janus particles in three dimensions using Monte Carlo simulations and free 
energy calculations. We also show the effects of changing interaction range and patch 
size on the regions of stability for each of the open and closed crystal lattices which 
form spontaneously in this system, providing insight into the fundamental design rules 
for open colloidal crystals. 
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Axial dispersion of Brownian colloids in microfluidic channels 

Michael P. Howard1, mphoward@princeton.edu, Aishwarya Gautam1, Athanassios 
Panagiotopoulos1, Arash Nikoubashman2. (1) Chemical and Biological Engineering, 
Princeton University, Princeton, New Jersey, United States (2) Johannes Gutenberg 
University Mainz, Mainz, Germany  

We present a complete theoretical framework for modeling the axial dispersion of a 
Brownian colloidal suspension confined in a parallel plate channel, extending the 
Taylor-Aris treatment to particles with diameters comparable to the channel width. The 
theoretical model incorporates the effects of confinement on the colloid distribution, 
corrections to the velocity profile due to the effects of colloid concentration on the 
suspension viscosity, and anisotropic diffusion. We test the theoretical model using 
explicit solvent molecular dynamics simulations that fully incorporate hydrodynamic 
correlations and thermal fluctuations, and obtain excellent quantitative agreement. We 
find that the non-uniform colloid distributions that arise in confinement significantly 
impact the axial dispersion. The developed theory should prove useful in many 
applications where dispersion is relevant, including computing colloid diffusion 
coefficients from microfluidic experiments and modeling the transport of colloids in 
geological fractures. 
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Generation and 2D positioned array of conductive Janus magnetic microparticles 
for high performance pressure sensing 

Woo J. Lee1, jjabsasa@naver.com, Jin Woong Kim2,3. (1) Department of Bionano 
Technology, Hanyang University, Ansan, Korea (the Republic of) (2) Department of 
Bionano Technology, Hanyang University, Ansan, Korea (the Republic of) (3) 
Department of Applied Chemistry, Hanyang University, Ansan, Korea (the Republic of)  

 
This study introduces a robust and straightforward approach to synthesize highly 
uniform conducting Janus magnetic microparticles, in which monodisperse W/O 
emulsion drops produced in a glass-based microfluidic device are used as templates. 
Controlled aggregation of magnetic Fe3O4 NPs within the emulsion drops is induced by 
the depletion force. The magnetic Fe3O4 NPs-separated hydrogel precursor drops are 
consecutively solidified using photo-polymerization, thus producing Janus magnetic 
microparticles. To give conductivity to the particles, we alternatively coat them with 
PEDOT-PSS layers by using the layer-by-layer deposition. Then, 2D forced colloidal 
array enables the precision registry of our Janus magnetic microparticles on the target 
position. Finally we experimentally demonstrate that our conductive Janus magnetic 
microparticles have great potential in development of a new type of colloidal pressor 



with abilities to position at target area and to detect pressure changes with excellent 
sensitivity and repeatability. 
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Nanoparticle self-assembly: Bridging the gap between molecules and 
nanoparticles 

Eugenia Kumacheva, ekumache@chem.utoronto.ca. Department of Chemistry, 
University of Toronto, Toronto, Ontario, Canada  

Just as nanoparticles display properties that differ from those of bulk samples of the 
same material, ensembles of nanoparticles can exhibit collective properties that are 
different to those displayed by individual nanoparticles. Self-assembly is a powerful 
technique for controlling the structure and properties of ensembles of inorganic 
nanoparticles, however a quantitative prediction of the structure of nanoparticle 
assemblies and of the kinetics of their formation remains a challenge. To address it, 
polymer science can offer remarkably useful approaches, if an analogy is established 
between polymer molecules and nanoparticles.  
Using lessons from polymer physics and chemistry, we developed new paradigms for 
nanoparticle self-organization. One of the approaches utilized a striking resemblance 
between triblock copolymers and amphiphilic nanoparticles containing a hydrophilic a 
hydrophobic components. This similarity enabled predictable nanorod organization in 
nanostructures with varying morphologies and properties. Similar to block copolymer 
self-assembly, this process was conceptualized, rationalized and mapped by phase-like 
diagrams. In the second approach, we exploited a marked similarity between the self-
assembly of nanoparticles and step-growth polymerization. Nanoparticles acted as 
monomer units (nanomers) and formed reversible, noncovalent bonds at specific bond 
angles and organized themselves into a colloidal polymer (nanopolymer). The kinetics 
and statistics of step-growth polymerization enabled a quantitative prediction of the 
architecture of linear, branched, and cyclic nanostructures, their aggregation number 
and size distribution, and the formation of structural isomers. 
Building on this similarity, we proposed the concept of colloidal chain stoppers and 
colloidal copolymers. The approach was extended to nanoparticles with different shapes 
and compositions, paving the way for nano-copolymers. 
This work has far-reaching implications for the molecular world (by offering simple, easy 
to visualize nanoscale models for polymerization reactions), and for the nanoworld (by 
providing a polymer approach to building complex structures with interesting and 
potentially useful structure-dependent electronic, optical, and magnetic properties). 
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Keynote Lecture: Experiments and simulations connecting water-driven 
transitions in polyelectrolyte complexes and multilayers 



Jodie L. Lutkenhaus4, jodie.lutkenhaus@gmail.com, Maria Sammalkorpi1, Yanpu 
Zhang3, Erol Yildirim1, Ran Zhang2. (1) Department of Chemistry, Aalto University, 
Espoo, Finland (2) Changchun Institute of Applied Chemistry, Changchun, China (3) 
Chemical Engineering, Texas A&M University, College Station, Texas, United States (4) 
Texas A&M University, College Station, Texas, United States  

In the last decade, evidence for an intriguing glass-transition-like phase transition has 
emerged in polyelectrolyte complex precipitates and polyelectrolyte multilayers. To date, 
there is not a clear consensus on what causes this transition, although a growing body 
of evidence indicates that salt and water are key parameters. Therefore, our long-term 
central goal has been to elucidate the origins of this phase transition and understand 
how external factors (salt type, ionic strength, solvent, hydration) contribute. Because 
the transition is very weak, simple thermal calorimetry is not always sufficient. Further, 
the transition is highly dependant on water, thus requiring an atomistic approach to 
modeling and simulation. This talk will discuss experimental methods that sufficiently 
capture this weak transition, including quartz crystal microbalance with dissipation, 
modulated differential scanning calorimetry, and impedance spectroscopy. In parallel, a 
model is developed that captures the transition in polyelectrolyte complexes. This model 
is based upon classical molecular dynamics simulations using COMPASS (Condensed-
Phase Optimized Molecular Potentials for Atomistic Simulation Studies) force field and 
its explicit water model within Accelrys Materials Studio software. Together, 
experiments and simulations suggest that the transition orginiates from the 
rearrangement of water molecules around the polyanion, thus allowing for large-scale 
relaxation of polymer chains. This partially explains the glass-transition-like behavior 
observed in other studies and by other groups. Future work will target the effect of 
hydration, salt type, an ionic strength. [Yildirim, E., Zhang, Y., Lutkenhaus, J.L., & 
Sammalkorpi, M., Thermal Transitions in Polyelectrolyte Assemblies Occur via a 
Dehydration Mechanism. ACS Macro Letters 4 (9), 1017-1021 (2015).] 
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The effect of the first layer on polyelectrolyte multilayer structure 



Xuejian Lyu, xlv@wpi.edu. Mechanical Engineering, Worcester Polytechnic Institute, 
Worcester, Massachusetts, United States  

Polyelectrolyte multilayers (PEMs) are prepared by layer-by-layer deposition of 
polycations and polyaions on a substrate. We have previously observed that surface 
roughness, as measured by contact mode atomic force microscopy (AFM), is highly 
dependent on the chemistry as well as the deposition conditions of the first adsorbed 
layer of a PEM. In this study, QCM-D was used to analyze mass absorption of each 
single layer during deposition process. When using different polyelectrolytes as the first 
layer, the following layers showed different mass absorption when the following 
polyelectrolytes remaining consistent. Atomic force microscope was used to measure 
the surface roughness of PEMs. When using different polyelectrolytes as the first layer, 
the surface roughness of PEMs is different. These results imply that the effect of the 
first layer on amount of adsorption is short range, while the resulting structure is 
impacted over longer scales. 
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Electrokinetics as an alternative to neutron reflectivity for evaluation of segment 
density distribution in PEO brushes 

Ralf Zimmermann2, zimmermn@ipfdd.de, Dirk Romeis2, Isabelle Bihannic1, Martien 
Cohen Stuart3, Jens-Uwe Sommer2,4, Carsten Werner2,4, Jerome Duval1. (1) CNRS-
Université de Lorraine, Nancy, France (2) Leibniz Institute of Polymer Research 
Dresden, Dresden, Germany (3) Wageningen University, Wageningen, Netherlands (4) 
Technische Universität Dresden, Dresden, Germany  

Surface modification with use of end-grafted polymer chains is a routine procedure 
adopted for the design of smart materials. In particular, polymer brushes have received 
a lot of attention due to their facile synthesis and tunable properties. One of the key 
issues remains the evaluation and measurement of the polymer segment distribution 
across polymer brushes in the direction normal to the supporting surface. We 
demonstrate that streaming current measurements interpreted on the basis of combined 
self-consistent field (SCF) and soft surface electrokinetic theories offer an appropriate 
alternative for the evaluation of brush profiles, which bypasses the inapplicability of 
neutron reflectivity for profile evaluation in the range of low to moderate grafting 
densities.1 For that purpose, streaming current data collected for PEO brushes with a 
grafting density of 0.01 nm-2 were successfully analyzed on the basis of 
electrohydrodynamic theory for diffuse soft interfaces2 with explicit account of the 
segment density distribution computed by the SCF method suggested by Milner et al.3 
Comparison of theoretical neutron reflectivity patterns obtained with profile parameters 
issued from the electrokinetic analysis underlines that neutron reflectivity is not suitable 
for distinguishing between parabolic and polydisperse profiles of brushes of similar or 
lower grafting density. 
 
1. R. Zimmermann, D. Romeis, I. Bihannic, M. C. Stuart, J.-U. Sommer, C. Werner, J. F. 



L. Duval, Soft Matter 2014, 10, 7804. 
2. R. Zimmermann, S. S. Dukhin, C. Werner and J. F. L. Duval, Curr. Opin. Colloid 
Interface Sci., 2013, 18, 83. 
3. S. T. Milner, T. A. Witten and M. E. Cates, Macromolecules 1989, 22, 853. 
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Tension control and lipid microdomain formation using planar large area model 
biomembranes 

Peter J. Beltramo1, peter.beltramo@mat.ethz.ch, Rob Van Hooghten2, Jan Vermant1. 
(1) Department of Materials, ETH Zürich, Zürich, Switzerland (2) Chemical Engineering, 
KU Leuven, Leuven, Belgium  

The development of model cellular membranes is crucial for fundamental investigations 
of biological phenomena, ranging from membrane protein pore formation and 
biomolecule transport to bilayer elasticity and lipid raft formation. In this talk, a versatile 
platform to generate free-standing, planar, phospholipid bilayers with millimeter scale 
areas will be introduced. The technique relies on a microfluidic thin-film balance 
apparatus allowing for the dynamic control of the nucleation and growth of a planar 
black lipid membrane in the center of an orifice surrounded by microchannels. Success 
is demonstrated using several different lipid types, including mixtures that show the 
same temperature dependent phase separation as existing protocols. Using the planar 
geometry, the effect of hybrid lipids (“linactants”) and interdigitation on phase separation 
in mixtures is shown by comparing bilayer to monolayer experiments. A unique 
advantage in this system is control of the membrane tension. The phospholipid 
composition dictates the fluidity of the membrane; we demonstrate how tension is 
controlled in the platform and measure an elasticity modulus of the bilayers by the 
membrane tension-area relationship. Together, the results demonstrate a new paradigm 
for studying the mechanics structure, and function of model biomembranes. 
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Real-time measurements of lipid domain rearrangements, membrane thickness, 
and intermembrane forces during membrane hemifusion 

Kai Kristiansen3, kai@engineering.ucsb.edu, Dong Woog Lee3,4, Stephen Donaldson5, 
Nicholas Cadirov3, Xavier Banquy1, Jacob N. Israelachvili2. (1) Pharmacy, Universite de 
Montreal, Montreal, Quebec, Canada (2) Dept of Chem Eng, University of California, 
Santa Barbara, California, United States (3) Chemical Engineering, University of 
California Santa Barbara, Santa Barbara, California, United States (4) Ulsan National 
Institute of Science and Technology (UNIST), Ulsan, Korea (the Republic of) (5) 
Département de Physique, Ecole Normale Supérieure, PSL Research University, 
CNRS, Paris, France  



We have developed a Fluorescence Surface Forces Apparatus (FL-SFA), which can 
fluorescently image the surfaces while measuring interaction forces and distance 
between surfaces in real-time. Using the FL-SFA, hemifusion of two supported model 
lipid bilayers was monitored. At the membrane-membrane contact, the localization of 
liquid disordered phases and depletion of liquid ordered domains are observed during 
lipid membrane hemifusion. Interaction forces and lipid membrane thicknesses are 
simultaneously measured together with the fluorescence images of model membranes. 
The results show that the domain rearrangements decrease the energy barrier to fusion 
illustrating the significance of dynamic domain transformations in membrane fusion 
processes. Importantly, the FL-SFA can unambiguously correlate interaction forces and 
in situ imaging in many dynamic interfacial systems. 
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Predictive modeling and measurements of non-Newtonian interfaces coupled to 
bulk flow 

Juan M. Lopez3, jmlopez@asu.edu, Aditya Raghunandan1, Joseph A. Adam 1, Patrick 
Underhill2, Amir H. Hirsa1,2. (1) Mechanical Engr, RPI, Troy, New York, United States (2) 
Chemical & Biological Engr., RPI, Troy, New York, United States (3) Mathematics, 
Arizona State Univ., Tempe, Arizona, United States  

One of the most widely studied systems is the phospholipid DPPC, the main constituent 
of lung surfactant as well as of the bilayers that make up mammalian cells. Even for 
DPPC, our understanding of its surface rheological properties are limited. Literature 
results are confusing and even contradictory. Surface shear viscosity values have been 
reported that differ by several orders of magnitude, and the surface dilatational viscosity 
has even been reported as negative at times. One of the stumbling blocks that has led 
to these inconsistencies has been not accounting correctly for the nonlinear two-way 
hydrodynamic coupling between the film and the fluid on which it lies. We have 
previously developed a method that can calculate the coupled bulk and interfacial flows 
when both are Newtonian. This led to consistent results between systems over various 
length scales provided that the surface packing of the film is not very large. However, at 
high surface packing, DPPC is non-Newtonian: even accounting for the coupling, a 
Newtonian model cannot match with experiments. This also occurs in many interfacial 
systems with polymers, particles, and proteins. 
 
Theses observations motivate the need for computational models that incorporate both 
a non-Newtonian constitutive equation for the interface and coupling of the interfacial 
and bulk stresses. Such a model is necessary for interpreting experiments to determine 
the intrinsic properties of non-Newtonian interfaces, and to then predict the behavior in 
new situations. Here, we present such a model and compare the predictions with 
experiments of DPPC films over a wide range of surface packing in a knife-edge 
viscometer. 
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Adhesion and translocation of nanoparticles through lipid bilayers 

Sean Burgess, Zhengjia Wang, Aleksey Vishnyakov, shibboleth@list.ru, Alexander V. 
Neimark. Chemical & Biochemical Engineering, Rutgers the State University of NJ, 
North Brunswick, New Jersey, United States  

Understanding of the mechanisms of nanoparticle (NP) adhesion to lipid bilayer (LB) 
membranes, which constitute the foundation of cell membranes, is of paramount 
importance for the design of biomedical nanotechnologies, as well as for evaluating 
health threats related to nanoparticle manufacturing. NPs are employed as intracellular 
delivery vehicles for controlled release of genes and membrane impermeable 
chemicals. This process involves internalization, or intake of a drug containing NP, 
where the NP is first engulfed by the cell membrane, then transferred through the 
membrane into the cell. Since the NP adhesion is governed by multiple factors (NP size 
and shape, surface modification, hydrophobicity and charge) that cannot be easily 
varied in the experiments, the use of in silico modeling helps guide the experiments and 
optimize NP structure and surface properties. Despite the tremendous progress made 
recently in molecular simulations of biological systems, modeling of NP-lipid interactions 
is still difficult due to a complex interplay of distinct characteristic scales: LB thickness of 
~5 nm, to NP size of 10-100 nm, to cell size of 5- 50 mm. Also, the dynamic processes 
of membrane rupture and NP trans-membrane transport involve metastable states and 
irreversible transformations, modeling of which requires non-trivial calculations of free 
energies and nucleation barriers. 
 
The current study investigates the mechanisms of nanoparticle adhesion to and 
penetration through LB membranes. Using coarse-grained simulations, we explore the 
energy barriers associated with the nanoparticle penetration into DMPC lipid bilayer. 
The interactions of hydrophobic nanoparticles with lipid bilayers are calculated using the 
original ghost tweezers (GT) method, which was inspired by optical tweezers 
experiments. The calculations are performed for nanoparticles of 2-10 nm in diameter. 
We explore the three main stages of translocation of a hydrophobic NP through LB 
facilitated by GT: the initial interaction stage where NP is pushed against LB; the 
encapsulation stage where NP is captured by LB and reaches a free energy minimum; 
and the removal phase where NP is pulled out of LB (Fig.1). We also explore the 
tension-induced rupture of LB at various NP sizes. 

 

 
 
Figure 1 – Various snapshots of NP-LB translocation 
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Keynote Lecture: Antimicrobial smart materials: From responsive hydrogels to 
polymer-drug conjugates 

Anita Shukla, anita_shukla@brown.edu. School of Engineering, Brown University, 
Providence, Rhode Island, United States  

The Centers for Disease Control and Prevention reports that at least 2 million cases of 
infection by drug resistant bacteria occur annually in the United States alone, leading to 
a minimum of 23,000 deaths. The World Health Organization recently warned of an 
impending “post antibiotic era” in which common infections are lethal due to rising 
antimicrobial resistance. Microbes inherently evolve resistance mechanisms over time, 
the rates of which can be exacerbated by frequent use of broad-spectrum antimicrobials 
and prolonged exposure. Compounding this issue is the lack of discovery of new 
antimicrobial compounds. Here, I will describe our work on developing smart materials, 
which effectively treat local and systemic infections before further resistance can 
develop. First, I will describe the development of responsive hydrogels for treatment of 
localized wound infections. We have formulated highly tunable gellan and poly(ethylene 
glycol)-based hydrogels for the encapsulation and release of antibiotics and antifungals 
in response to a microbial infection. These hydrogels were engineered to respond to 
virulence and resistance-conferring enzymes expressed by pathogenic bacteria and 
fungi, as well as other non-specific stimuli, and have recently been examined in murine 
burn infection models. We have designed these materials to exhibit a range of drug 
release behaviors (e.g. triggered-, swelling-, and diffusion-based release) and 
mechanical properties. Next, I will discuss our efforts in treating systemic infections 
using novel polymer-drug conjugates. The conjugate design consists of enzyme-
responsive polymers and existing antibiotics, such as nafcillin and oxacillin, which have 
replaced methicillin in the clinic. These conjugates exhibit a 2500x decrease in minimum 
inhibitory concentration against common drug resistant bacteria, including Methicillin-
resistant Staphylococcus aureus, compared to non-conjugated therapeutics. Finally, our 
recent efforts on developing highly sensitive bacterial biosensor arrays to temporally 
and spatially monitor wound infections will be described. 
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Dynamic adhesion of Staphylococcus aureus to poly(ethylene glycol) surfaces 

Kristopher W. Kolewe2, kkolewe@ecs.umass.edu, Surachate Kalasin1, Natalie R. 
Mako2, Maria M. Santore1, Jessica D. Schiffman2. (1) Dept of Polymer Science, 
University of Massachusetts, Amherst, Massachusetts, United States (2) Chemical 
Engineering, University of Massachusetts Amherst, Amherst, Massachusetts, United 
States  

Reversible adhesion of bacteria occurs on the time scale of seconds through 
physicochemical interactions of the bacteria with the surface. In flow, the translational 



velocity of biocolloids slows until either sufficient binding energy is achieved and the 
attachment occurs, or the biocolloid returns to bulk flow. This process of dynamic 
adhesion or “rolling” has been reported to enhance and spread bacterial colonization on 
antifouling surfaces. In this work, we investigated the dynamic adhesion of clinically 
relevant methicillin-resistance Staphylococcus aureus to five poly(ethylene glycol) 
(PEG) materials. We synthesized three PEG hydrogels with distinct mechanical 
properties and mesh sizes: stiff (6500 kPa, 10 Å), soft (310 kPa, 27 Å), and decoupled 
soft (220 kPa, 41 Å), as well as two planar brushes, 2k and 5k. In general, the 
subpopulation of dynamically adherent S. aureus sustained rolling for ~12 µm intervals 
on the brushes and hydrogels. We found that when S. aureus dynamically adhered to a 
surface, it was highly likely to experience subsequent adhesion events. This was 
especially true for S. aureus on stiff hydrogels and 5k brushes where >85% of the cells 
adhered at least twice. As the length of interaction remained constant over each 
encounter, the residence time of each S. aureus on the surface provided a universal 
metric to compare surfaces. For example, on average S. aureus interacted 5 s longer 
on the stiff than on the soft hydrogels (41 Å or 27 Å). This implies that stiff hydrogel 
surfaces are less effective at resisting bacterial attachment because there is an 
increased likelihood that S. aureus will permanently attach downstream. This 
fundamental study investigates how S. aureus interact and adhere with PEG materials 
holds potential to facilitate the design of next generation of antifouling surfaces. 
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Three-dimensional structure and competition for resources can give pre-formed, 
multicellular aggregates a growth advantage in early biofilm development 

Vernita Gordon, gordon@chaos.utexas.edu. Physics, The University of Texas at 
Austin, Austin, Texas, United States  

Biofilms are structured communities of sessile microbes. Traditional models of biofilm 
development begin with single bacteria seeding a surface. However, biofilms can also 
be seeded by multicellular aggregates. How the three-dimensional structure of 
aggregates impacts the initiation and development of biofilms is not known. Here we 
use a combination of experiments and simulations to determine the impact of the 
seeding structure. We find that whether aggregates or single cells grow better depends 
on the density of single cells initially seeded. The density of single cells, which we take 
as our measure of the level of competition, impacts per-cell access to growth resource. 
The overall biomass accumulation arising from an aggregate is a combination of slow 
growth in the resource-limited interior, and faster growth on the sides and top. When 
competition is low, aggregates are disadvantaged, compared with single cells. However, 
when competition is high, aggregates are fitter than single cells, because the cells at the 
top of the aggregates have better access to growth resources than do high-density 
single cells on the surface.  
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Imaging trafficking in living cells with Janus particle probes 

Yan Yu, yy33@indiana.edu. Indiana University, Bloomington, Indiana, United States  

A living cell is like a bustling city. Subcellular organelles, including endosomes and lipid 
droplets, are constantly transported in and out of cells, and along cytoskeletons inside 
cytosol. While much is known about how such intracellular cargos move translationally, 
little is known about their rotational dynamics. In this talk, I will present the recent 
research progress from my group in measuring rotational dynamics in living cells by 
using Janus particles as imaging probes. Janus particles that were rendered optically 
asymmetric enabled imaging and tracking of rotation of single particles. The precisely 
measured rotational dynamics reveal particle-cell interactions that would otherwise be 
difficult probe with conventional quantitative methods. 
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Examining spatio-temporal dynamics of adhesion linkers during cell migration 
using cadherin-functionalized polymer-tethered lipid multi-bilayers of adjustable 
stiffness 

Yifan Ge1, yifge@umail.iu.edu, Kent Shilts1, Yu-Hung Lin1, Lena Lautscham2, Wolfgang 
Goldmann2, Ben Fabry2, Christoph Naumann1,3. (1) Chemistry and Chemical Biology, 
Indiana University Purdue University Indianapolis, Indianapolis, Indiana, United States 
(2) Department of Biophysics, University of Erlangen-Nuremberg, Erlangen, Germany 
(3) Integrated Nanosystems Development Institute (INDI), Indiana University Purdue 
University Indianapolis, Indianapolis, Indiana, United States  

The fate and function of anchorage dependent cells are closely related to the 
mechanical properties of their surrounding environment. The cellular mechanosensation 
to the outer environment is in part achieved by the assemblies of cellular adhesions, 
such as focal adhesions and adherens junctions. Previous research on cellular 
mechanosensitivity is mostly based on the platform of polymeric cell substrates with 
adjustable mechanical properties and surface immobilized linker molecules. This 
approach, provides valuable cell mechanosensitivity information about the cell-
extracellular matrix (ECM) interaction. Although cell-ECM interaction is widely 
investigated with important mechanical signal information established, linker dynamics 
at cell-cell interface during the process of mechaosensing is still poorly understood due 
to the limitation of polymer substrates to mimic dynamic linker assembly. To overcome 
this constraint, we introduced polymer-tethered lipid bilayers with adjustable stiffness, 
as a mimetic of the cell membrane surface, to serve as a cellular substrate. This 
experimental platform, unlike polymer substrates, allows functional dynamic assembly 
of linkers into linker clusters at cellular adhesions underneath cell without impairing cell 
spreading or migration. Here, we present results for cell spreading and migration 
experiments from polymer-tethered lipid multi-bilayers functioned with fluorescent 
labeled N-cadherin linkers. Linker dynamics was analyzed using the combination of 
fluorescent correlation spectroscopy (FCS), fluorescent recovery after photon bleaching 



(FRAP) and particle tracking methods. Cell mechano-response to changes in substrate 
stiffness is also discussed with respect to cell spreading/ migration, cytoskeleton 
organization, and traction force. All together, these data demonstrate that Cadherin-
functionalized polymer-supported lipid bilayers act as a powerful tool for the study of cell 
mechanosensing and adherens junctions formation and maturation during cell migration 
and spreading. 
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Deterministic encapsulation of single cells in thin tunable microgels for niche 
modeling and therapeutic delivery 

Angelo Mao2, mao.angelo@gmail.com, Jae-Won Shin2, Stefanie Utech2, Madeline 
Cooper2, David Weitz1, David J. Mooney3. (1) Dept of Physics Pierce Hall, Harvard 
Univ, Cambridge, Massachusetts, United States (2) Harvard University, Cambridge, 
Massachusetts, United States (3) 319 Pierce Hall, Harvard University, Cambridge, 
Massachusetts, United States  

Existing methods for encapsulating cells into microscale hydrogels generally follow a 
Poisson distribution, with low cell to polymer ratio, and possess limited control over 
hydrogel properties. We report a microfluidic, water-in-oil based method for 
deterministic encapsulation of single cells in an ~6 micron thin layer of alginate 
hydrogel. This method increased the proportion of cell-containing microgels by 10-fold 
for multiple cell types without compromising cell viability. Microgels were found to be 
mechanically tractable, and interpenetrating hybrid microgels could be fabricated. 
Moreover, microscale cell assemblages of encapsulated mesenchymal stem cells were 
formed with a microwell system, and singly-encapsulated cells were observed to 
differentiate more robustly than multiply-encapsulated cells in larger microgels. Finally, 
singly-encapsulated human mesenchymal stem cells (hMSCs) responded more strongly 
to stimulatory factors than hMSCs encapsulated in bulk, and were found to delay 
clearance kinetics and sustain donor-derived soluble factors in blood plasma following 
intravenous injection. These results indicate that singly encapsulated cells in tunable 
hydrogels has potential in a variety of regenerative medicine and tissue engineering 
applications. 

 



 
 
a. Distribution of cells per microgel for different tested cell types. b. Confocal image of 
encapsulated cell (green, alginate hydrogel; red, actin; blue, nucleus). c. Differentiated 
mesenchymal stem cells in microwell system. Single-cell encapsulation increases osteogenic 
differentiation (d.) and IL-6 secretion (e.), compared to multiply encapsulated cells. 
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Keynote Lecture: 'Touch-and-go' behavior of cancer cells in spatially-confined, 
fiber-like environments is a predictor of metastatic potential 

Anand Asthagiri, a.asthagiri@neu.edu. Bioengineering, Northeastern University, 
Boston, Massachusetts, United States  

In the crowded tumor microenvironment, invading cancer cells encounter and interact 
with many other cells and cell types. How these cell-cell encounters affect cancer cell 
migration is a fundamental question, with important implications for cancer progression. 
In breast cancer, cancer cells migrate along collagen fibrils. Whether cancer cells stop 
migrating or reverse direction at every encounter with another cell, or circumnavigate 
and slide around the encounter, will affect the efficiency of the invasion process. I will 
discuss our lab's progress in investigating this question and how the slide versus 
reversal 'decision' is regulated by genetic (ErbB2, E-cadherin, PARD3, TGFb) and non-
genetic (fiber width, cell size and mechanics) factors that promote cancer progression. 
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Adsorption modeling for nuclear energy applications 

Austin Ladshaw1, aladshaw3@gatech.edu, Sotira Yiacoumi1, Costas Tsouris2. (1) 
Georgia Institute of Technology, Atlanta, Georgia, United States (2) MS 6181, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee, United States  

Adsorption is a diverse and complex physicochemical surface phenomenon that has 
many different applications in chemical, environmental, and nuclear sciences. For 
example, adsorption can be found at both the front and back ends of the nuclear fuel 
cycle for (i) capturing uranium from seawater to use as a new source of nuclear fuel and 
(ii) treatingof the off-gases produced when reprocessing used nuclear fuel. Accurate 
modeling of these processes is important for the design of efficient capture, recovery, 
and regeneration systems for the particular aqueous or gaseous species of interest. 
Supported by experimental observations, a set of algorithms and methods designed for 
flexibility and portability will greatly improve the ability to rigorously model such a 
complex set of systems. We have developed a comprehensive modeling library that 
implements many state-of-the-art numerical methods for solving complex systems. This 
approach allows more specific models to be built upon the more generic methods, 
which gives the overall modeling effort larger breadth and greater usability. Such 
specific models include a multi-scale model for mechanistic diffusion and adsorption in 
bi-porous adsorbent pellets and an aqueous adsorption/speciation model to predict how 
variations in pH, temperature, and ionic strength affect metal-ligand complexation in 
seawater. Model development is guided by experimental information obtained at the 
Oak Ridge National Laboratory, the Idaho National Laboratory, and Syracuse University 
through collaborative work. Experimental information is also used for model validation. 
Models developed in this work have applications in the nuclear fuel cycle and will be 
utilized to aid in the design of adsorption systems for uranium capture from seawater 
and treatment of off-gases produced through nuclear fuel reprocessing. 
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Effect of surface contamination and water chemistry on the behaviors of 
kaolinite, illite and montmorillonite clays 

Amin Pourmohammadbagher, apourmoh@ualberta.ca, John M. Shaw. Department of 
Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta, Canada  

Clays are among the most active minerals in aquifers, oil and gas reservoirs, and 
tailings ponds. Clays, in tailings, are a significant ongoing environmental concern in the 
mining and oilsands production industries and clay rehabilitation following contamination 
poses challenges episodically in undisturbed natural environments. Detailed 
understanding of the fundamentals of clay behavior contributes to better environmental 
impact mitigation strategies, to the development of production processes for heavy oils 
with lower environmental impacts, to the treatment of tailings from mining operations, 
and to the mitigation of impacts from oil spills in natural environments. Probes, such as 
solution calorimetry are sensitive to species transfer to and from clay surfaces. 



Outcomes can be interpreted unambiguously, when supplemented with 
thermogravimetric analysis (TGA) and Scanning Electron Microscopy (SEM) 
measurements [1–3]. The measured impacts of surface and solvent contamination on 
the behaviors of kaolinite, illite, and montmorillonite, clays, illustrated in Figure 1, are 
interpreted using a quantitative mass and energy balance modeling framework. An 
overview of the experimental matrix, the modelling framework, the solution enthalpy 
working equations, and the key outcomes are presented. 
 
1. Pourmohammadbagher & Shaw (2015). Probing contaminant transport to and from 
clay surfaces in organic solvents and water using solution calorimetry. Environ. Sci. 
Technol., 49, 10841–10849. 
2. Pourmohammadbagher & Shaw (2016). Probing the role of water chemistry on the 
behavior of clays in process and natural environments using solution calorimetry. 
Energy & Fuels, submitted. 
3. Pourmohammadbagher & Shaw (2016). Probing the impact of asphaltene 
contamination on kaolinite and illite clay behaviors in water and organic solvents: A 
calorimetric study. Energy & Fuels, submitted. 

 

 
 
Figure 1. Cartoon showing processes occurring when clays interact with organic solvents and 
water. Clay surface (gray), trace contaminant (blue), solvent (brown), and oil spills (black). 
Arrows show directions for processes that sorb (+) or release (-) energy. 
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Oil dispersing gel-like surfactant mesophases and their structures 

Olasehinde G. Owoseni2, Marzhana Omarova2, momarova@tulane.edu, Vijay T. 
John1, Xin Li3, Jyotsana Lal4. (1) Tulane Dept of Chem Bio Engr, New Orleans, 
Louisiana, United States (2) Tulane University, New Orleans, Louisiana, United States 
(3) Louisiana State University, Baton Rouge, Louisiana, United States  

Oil dispersants used for oil spill treatment are generally liquid solutions of surfactant 
such as DOSS (di-octyl sulfosuccinate, sodium salt) and Tween 80 (polyoxyethylene 



(20) sorbitan monooleate) in organic solvents. Existing liquid dispersants, however, are 
prone to spray drifts and can be washed off by ocean currents creating one of the major 
challenges in applying liquid dispersants effectively. This is especially problematic when 
treating heavy oils. By adding water to a solution of the zwitterionic phospholipid, l-α-
phosphatidylcholine (PC) and an anionic surfactant, DOSS in organic solvents such as 
paraffin (isooctane, hexadecane) gel structures can be formed. Such gels can retain 
very high water content. Addition of Tween 80 to PC and DOSS based gel systems 
considerably improves the ability of the gel to form stable emulsions of crude oils in 
saline water. Characterization through the independent techniques of small angle 
neutron scattering (SANS), cryo scanning electron microscopy, and 31P nuclear 
magnetic resonance spectroscopy (NMR) is used to confirm the structures of gels. 
Tween 80 causes a structural transition from straight lamellar to onion-like, multilamellar 
structures. The gel structure also changes through an intermediate coexistence phase 
from an inverse hexagonal mesophase consisting of randomly oriented cylinders at 
lower water content to a lamellar phase at high water content. The gel is positively 
buoyant on water and breaks down on contact with oil releasing surfactant components 
for stabilization of the oil-water interface. 
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Stimuli-responsive polymer-based assemblies for monitoring pH of solutions 

Andrews Ahiabu, ahiabu@ualberta.ca, Michael Serpe. E3-44 Gunning Lemieux Chem 
Centre, University of Alberta, Edmonton, Alberta, Canada  

The role of pH in physiological and environmental processes cannot be 
overemphasized. The search to expand the repertoire of pH sensing materials within 



the physiological pH range has led to the synthesis of pH and thermoresponsive poly 
(N-isopropylacrylamide-co-butylacrylic acid) (pNIPAm-co-BuAAc) hydrogel particles 
(microgels). The synthesized monomer, BuAAc was characterized using MS, FTIR, and 
1H NMR. PNIPAm-co-BuAAc was synthesized via free radical precipitation 
polymerization and their response was characterized by dynamic light scattering. In this 
talk, we present the pNIPAm-co-BuAAc’s sorption capability for environmental 
remediation. An optical construct was made to study pNIPAm-co-BuAAc’s response to 
pH and temperature, which will also be presented. 
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Light scattering: Non-invasive assessment of nucleation, gelation, and colloidal 
growth in-situ in environmental systems 

Sara Hashmi, sara.hashmi@yale.edu. School of Engineering Apllied Science, Yale 
University, New Haven, Connecticut, United States  

Nano-aggregate size and morphology, surface charge, and growth dynamics all affect 
the fate and transport of both natural and technological materials in the environment. 
Light scattering techniques provide non-invasive methods for assessing and measuring 
in situ dynamics in suspension, and provide an ideal platform for investigating aqueous 
systems. This talk will feature three current projects and investigations from the <a 
href="http://lightscattering.yale.edu">Facility for Light Scattering at Yale University</a>, 
ranging from salt crystal nucleation, to the gelation of extracellular polymerix substances 
(EPS) secreted by bacteria, to the antibacterial effects of metal oxides and other 
technologically relevant nanomaterials. Recent investigations suggest that dispersion 
quality, defined by a combination of aggregate size and shape, determine the toxicity 
and antibacterial activity of metal oxides, carbon nanotubes, and other technologically-
relevant nano-materials that may migrate into the environment. In the context of the 
natural environment, in both marine and model marine environments, salt content 
affects the dynamics of EPS gelation, as well as the resultant morphology of gelled 
aggregates. At the interface between natural and technological materials, a third 
investigation into scale fouling in membrane systems measures the nucleation process 
in salt solutions. In each of these three studies, from technological materials in the 
environment, natural materials in the environment, and the interaction of natural 
materials with technology, light scattering provides valuable quantification of suspension 
properties, and helps elucidate the connections between nano-scale structure and 
dynamics with macro-scale structure and function. 
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Role of metal-oxides on titania-multiwalled carbon nanotube heterostructure 
aggregation and transport in aqueous environment 

Navid B. Saleh2, navid.saleh@utexas.edu, Dipesh Das1, Indu V. Sabaraya1. (1) 
Department of Civil, Environmental and Architectural Engineering, University of Texas 



at Austin, Austin, Texas, United States (2) Stop C1700, University of Texas at Austin, 
Austin, Texas, United States  

Carbon nanotube-metal/metal oxide nanohybrids (NHs) are utilized as effective nano-
agents for electrochemical, photocatalytic, and antimicrobial applications. These NHs 
present novel physicochemical properties that are unique compared to the sum of 
component properties. Systematic evaluation of their fate and transport is critical to 
ensure environmental health and safety. This study hypothesizes that type of 
metal/metal-oxide particle on the carbon nanotube (CNT) surfaces will control the 
conjugate fate and transport. To investigate this hypothesis, nano-scale silver, titanium 
dioxide and zinc oxide are conjugated onto CNT surfaces via a sol-gel method. The 
synthesized NHs are characterized with transmission electron microscopy, X-ray 
photoelectron spectroscopy, X-ray diffraction, Raman spectroscopy and UV-vis 
spectroscopy. Aggregation kinetics is measured by dynamic light scattering for a wide 
range of environmental conditions. Porous media transport of the NHs and its 
components is assessed by performing packed-bed column experiments. Results 
obtained from this study are analyzed with electrokinetic and clean-bed filtration theory. 
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Characterization of titanium dioxide nanoparticles deposition on rough surfaces 
using combined quartz crystal microbalance with dissipation (QCM-D) and 
generalized ellipsometry (GE) 

Archana Jaiswal, archanajaiswal@gmail.com. Biolin Scientific Inc., Linthicum Heights, 
Maryland, United States  

Titanium dioxide nanoparticles (TiO2NPs) are the most extensively manufactured 
engineered nanomaterials, and understanding of their interactions with soil and sandy 
aquifer materials is necessary for effective natural resource management. Quartz 
crystal microbalance with dissipation monitoring (QCM-D) has been widely used to 
study TiO2NPs at water-metal oxide interfaces as model systems for soils and aquifers. 
However, natural sands and sediments exhibit various degrees of surface roughness, 
and the effects of surface roughness are not accounted for in current QCM-D studies of 
nanoparticle adsorption, which use the Voigt-Kelvin model [1]. A new mechanical model 
that considers both viscoelastic and surface roughness effects [2] is described to 
analyze QCM-D measurements. 
In this presentation we report the results of a recent work that used combined quartz 
crystal microbalance with dissipation (QCM-D) and generalized ellipsometry (GE) for 
the characterization of titanium dioxide nanoparticles deposition on model rough 
surfaces. Silicon slanted columnar thin films (SCTFs) were deposited onto QCM-D 
sensors by electron-beam glancing angle deposition and conformably coated with an 
alumina film via atomic layer deposition to act as model rough surfaces. The adsorption 
of polyacrylate-stabilized TiO2NPs onto flat surfaces and the SCTFs was measured by 
combined QCM-D and generalized ellipsometry (GE), an optical reference technique. It 
was found that the surface-roughness-modified mechanical model excludes water that 



is retained by the SCTF surface roughness and instead considers the surface mass 
density of TiO2NPs and water coupled to the TiO2NPs. GE is also sensitive to the 
attachment of the TiO2NPs. When the results of both techniques are combined, new 
information, the porosity of the TiO2NPs, can be evaluated. 
The contribunting authors of this work are: 
 
N. Kananizadeh1,3, C. Rice2,3, J. Lee1,3,4, D. Sekora2,3, M. Schubert2,3, E. Schubert2,3, S. 
Bartelt-Hunt1,3, Y. Li1,3 
1 Department of Civil Engineering, University of Nebraska-Lincoln 
2 Department of Electrical and Computer Engineering, University of Nebraska-Lincoln 
3 Center for Nanohybrid Functional Materials, University of Nebraska-Lincoln 
4 Department of Water Environmental Engineering Research, National Institute of 
Environmental Research, Republic of Korea 
[1] M.V. Voinova et al. Phys. Scr., 59, 391 (1999). 
[2] L. Daikhin et al. Anal. Chem., 74, 554 (2002). 
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Keynote Lecture: 2D and 3D colloidal glass transitions: Does dimensionality 
really matter? 

Eric R. Weeks1, 30055158@acs.org, Skanda Vivek1, Colm Kelleher2, Paul Chaikin2. (1) 
Emory University, Atlanta, Georgia, United States (2) Physics, New York University, 
New York, New York, United States  

We use microscopy to study both 3D and quasi-2D colloidal systems as they approach 
their glass transitions as their concentrations are increased. We examine a 3D hard-
sphere-like system, a 2D hard-sphere-like system, and a 2D soft-sphere system. All 
samples are bidisperse to frustrate crystallization. We measure the relaxation time 
scales for translational motion and structural reorientation, both of which dramatically 
increase as the glass transition is approached. A strong contrast is seen between the 
2D and 3D data close to the glass transition, in that structural reorientation is markedly 
slower in 2D than in 3D. This is due to coordinated particle motion where particles move 
significant distances without changing their positions relative to their neighbors. By 
considering only motion relative to one's neighbors, the two relaxation time scales agree 
much better in both 2D and 3D. Overall, our results agree with recent simulation results 
[Flenner and Szamel, Nature Communications 2015] in that 2D and 3D glass transitions 
appear qualitatively different, but we extend their observations and suggest that the 
differences are removed upon adjusting the measurement method. 
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Glass polyamorphism and metastable criticality in liquids with tetrahedral 
symmetry 



Renjie Chen1, Erik Lascaris2, Jeremy C. Palmer1, jcpalmer@uh.edu. (1) Chemical and 
Biomolecular Engineering, University of Houston, Houston, Texas, United States (2) 
Physics, Boston University, Boston, Massachusetts, United States  

Liquids with tetrahedral symmetry exhibit well-known structural, thermophysical and 
dynamic anomalies that arise from a competition between high-density and low-density 
local coordination structures in the fluid [1,2,3]. These structures allow such systems to 
form both high-density and low-density glassy phases upon rapid cooling [1]. It has 
been posited that the experimentally observed glass phases relax into two distinct 
ergodic liquids at higher temperatures that undergo a first-order liquid-liquid phase 
transition (LLPT) [4]. Critical fluctuations associated with the LLPT are thought to have a 
significant influence on the phase behavior of these substances, even at conditions far 
away from liquid-liquid coexistence [1,4]. Although compositional LLPTs occur in 
mixtures, direct experimental observation of density-driven LLPTs in pure fluids has 
proved to be challenging because they are typically predicted to occur at conditions 
where the liquids are metastable with respect to crystallization [1]. Recent 
computational studies of molecular fluids demonstrate metastable LLPTs are possible 
[5], but they have not resolved the outstanding question of how such behavior can be 
characterized experimentally. 
 
Here, we discuss results from recent computational studies [6] that suggest the 
possibility of designing colloidal particles to exhibit experimentally observable LLPTs. 
Using advanced free energy techniques, we show that a binary mixture of charged 
particles can form two distinct tetrahedrally structured liquids that can be brought into 
phase coexistence [7]. The liquids are charge-neutral phases that have identical 
compositions but different densities. Consequently, our calculations demonstrate that 
the LLPT is density-driven and isomorphic to those that have been hypothesized for 
pure tetrahedral substances. We also use simulation to elucidate the connection 
between the system’s LLPT and its distinct structural glasses. 
 
[1] PG Debenedetti, Journal of Physics: Condensed Matter 15, R1669 (2003) 
[2] JR Errington and PG Debenedetti, Nature 409, 318-321 (2001) 
[3] MS Shell, PG Debenedetti and AZ Panagiotopoulos, Physical Review E 66, 011202 
(2002) 
[4] PH Poole, F Sciortino, U Essmann and HE Stanley Nature 360, 324-328 (1992) 
[5] JC Palmer, F Martelli, Y Liu, R Car, AZ Panagiotopoulos and PG Debenedetti, 
Nature 510, 385-388 (2014) 
[6] E Lascaris, Phys Rev Lett, in press (2016) 
[7] R Chen, E Lascaris and JC Palmer, in preparation (2016) 
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Traction force rheology of colloidal glass 



Zsolt Terdik2, zsolt@seas.harvard.edu, David Weitz1, Frans Spaepen2. (1) Dept of 
Physics Pierce Hall, Harvard Univ, Cambridge, Massachusetts, United States (2) 
Applied Physics, Harvard University, Cambridge, Massachusetts, United States  

Structural relaxation in glasses provides insight into the physical processes underlying 
the glass transition while also controlling the mechanical properties and flow behavior. 
Confocal microscopy of colloidal glass provides a unique opportunity to directly visualize 
the mechanisms underlying structural relaxation of glassy materials. Previous work has 
shown that an applied shear strain drives structural relaxations in colloidal glass with 
characteristic local strain correlation function. Here, I will introduce a new technique that 
combines confocal microscopy of colloidal glass, external strain controlled deformation, 
and traction force micrcoscpy. The combination of these tools allows for simultaneous 
observation of both structural relaxation at the single particle scale and the shear 
stresses (ie tractions) exerted at the interface between colloidal glass and the traction 
force substrate.  
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Structures and dynamics of glass-forming colloidal liquids under spherical 
confinement 

Bo Zhang, Xiang Cheng, xcheng@umn.edu. Chemical Engineering and Materials 
Science, University of Minnesota, Minneapolis, Minnesota, United States  

Recent theories predict that when a supercooled liquid approaches the glass transition, 
particle clusters with a special ''amorphous order'' nucleate within the liquid, which lead 
to static correlations dictating the dramatic slowdown of liquid relaxation. The prediction, 
however, has yet to be verified in 3D experiments. Here, we design a colloidal system, 
where particles are confined inside spherical cavities with an amorphous layer of 
particles pinned at the boundary. Using this novel system, we capture the amorphous-
order particle clusters and demonstrate the development of a static correlation. 
Moreover, by investigating the dynamics of spherically confined samples, we reveal a 
profound influence of the static correlation on the relaxation of colloidal liquids. In 
analogy to glass-forming liquids with randomly pinned particles, we propose a simple 
relation for the change of the configurational entropy of confined colloidal liquids, which 
quantitatively explains our experimental findings and illustrates a divergent static length 
scale during the colloidal glass transition. 
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Many facets of intermittent dynamics in colloidal and molecular glasses 

Raffaele Pastore1,4, raffaele.pastore@spin.cnr.it, Antonio Coniglio1, Giuseppe Pesce2, 
Antonio Sasso2, Massimo Pica Ciamarra3. (1) CNR-SPIN, Napoli, Italy (2) Dept. of 
Phisycs, University of Naples Federico II, Napoli, Italy (3) School of Physical and 
Mathematical Sciences, Nanyang Technological University, Singapore, Singapore (4) 
UC Simulation Center, University of Cincinnati, Cincinnati, Ohio, United States  

Intermittent particle motion is widespread in soft materials, especially when the 
relaxation process is sluggish and heterogeneous, such as in glasses. In this case, a 
popular picture of the intermittent dynamics depicts each particle as localized in the 
cage formed by its neighbours and suddenly jumping to another cage [1,2]. This is 
illustrated in the Figure, where cages and jumps in a colloidal glass are identified 
according to a recent algorithm. In this talk, I discuss to what extent this simplified 
scenario is able to capture the structural relaxation of glasses, reporting recent results 
from experiments on colloidal glasses [3] and simulations of supercooled liquids [4]. 
After reviewing the main properties of cage-jumps, I demonstrate that these elementary 
relaxation events allow to properly describe the glassy dynamics at wavelengths larger 
than the typical jump length, highlighting novel features of the relaxation process. 
However, a shorter wavelength study reveals that the rattling within the cages is more 
complex than expected. Approaching the glass transition, the motion within the cage 
becomes much more than a boring and nearly stationary oscillation. Particles trapped in 
small cages need more time to relax and jump after a sluggish and correlated process, 
leading to the opening of the cage. As a result, the cage amplitude becomes 
increasingly anti-correlated with the persistence time and can be used as jump 
precursor. 
Overall, the intermittent dynamics of the investigated colloidal and molecular systems 
appears to be extremely similar, despite their slow dynamics are driven by different 



control parameters. 
 
[1] E.R. Weeks et al, Science (2000) 
[2] M. Pica Ciamarra et al., Soft Matter 12, 358 (2016). 
[3] R. Pastore et al., Soft Matter 11, 622 (2015); In preparation. 
[4] R. Pastore et al., Soft Matter 10, 5724 (2014); Sci. Rep. (2015); Soft Matter 11, 7214 
(2015); Submitted to JSTAT (2016). 

 

 
 
A particle trajectory from experiments on hard sphere-like colloidal glasses in real space (left) 
and in the (x, t) and (y, t) space (right). The trajectory is segmented in cages divided by jumps, 
using a recently introduced algorithm. 
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Tunable percolation in binary semiconducting polymer nanoparticle glasses 

Lawrence Renna1, larry.renna@gmail.com, Monojit Bag1,2, Timothy S. Gehan1, Xu 
Han3, Paul M. Lahti1, Dimitrios Maroudas3, Dhandapani Venkataraman1. (1) Dept of 
Chemistry, University of Massachusetts, Amherst, Massachusetts, United States (2) 
Physics, IIT Roorkee, Uttarakhand, India (3) Chemical Engineering, University of 
Massachusetts Amherst, Amherst, Massachusetts, United States  

Binary polymer nanoparticle glasses provide opportunities to realize the facile assembly 
of disparate components, with control over nanoscale and mesoscale domains, for the 
fabrication of functional materials. This work demonstrates that tunable electrical 
percolation can be achieved through semiconducting/insulating polymer nanoparticle 
glasses by varying the relative percentages of nanoparticle in the binary assembly. 
Using time-of-flight charge carrier mobility measurements and conducting atomic force 
microscopy, we show that these systems show power law scaling percolation behavior 
with percolation thresholds of ∼24–30%. We develop a simple resistor network model, 



which can reproduce the experimental data, and can be used to predict percolation 
trends in these systems. Finally, we analyze the cluster statistics of simulated binary 
nanoparticle glasses, and characterize them according to their predominant local motifs 
as (pi, p1-i)-connected networks that can be used as a supramolecular toolbox for 
rational functional material design based on polymeric nanoparticles. 
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Transient flow of a fluidity model in a simple shear flow with inertia: Prediction of 
shear banding 

Anika Jain, Yogesh M. Joshi, joshi@iitk.ac.in. Department of Chemical Engineering, 
Indian Institute of Technology Kanpur, Kanpur, India  

The soft glassy materials are time dependent out of thermodynamics equilibrium soft 
materials that are observed to show shear banding in steady state as well as transient 
flow field. It is known that the fluidity models capture an essence of the rheological 
behavior shown by soft glassy materials. In this work we solve a fluidity model for a 
transient (developing flow including inertia) flow between the two parallel plates. The 
fluidity model considered in this work is due to Coussot and coworkers (2002) wherein 
they relate viscosity of an inelastic fluid to the structure parameter, whose evolution is 
governed by time and applied deformation field. For the assumed relation between 
viscosity and structure parameter, the constitutive relation predicts a non-monotonous 
steady state flow curve such that in the low shear rate region stress decreases with 
shear rate (unstable region) while in the high shear rate region stress increases with 
shear rate (stable region). In the considered flow field, top plate is pulled at a constant 
velocity at certain time with respect to the stationary bottom plate. For this flow field the 



time dependent constitutive equation is solved simultaneously with Cauchy momentum 
equation to obtain evolution of stress on the top plate as well as velocity as a function of 
time and space. Irrespective of the imposed shear rate, stress requited to pull the top 
plate is observed to decrease monotonically before reaching a steady state value. As 
expected, for the imposed shear rates belonging to the unstable region, flow field shows 
non-flowing and flowing (shear) bands that persist as the system approaches a steady 
state. Very interestingly, contrary to usual belief, for the imposed shear rates in the 
stable region as well, the steady state shear banding consisting of non-flowing and 
flowing regions is observed. With increase in shear rate in the stable region, the width of 
the stationary band decreases and in the limit of high imposed shear rates a non-
banded homogeneous velocity profile is obtained. The simulation results on time 
evolution of velocity profiles as predicted by this model agree well with experimental 
data reported on Laponite suspension by Martin and Hu (2012). 
 
Coussot, P., Nguyen, Q. D., Huynh, H. T., and Bonn, D., Phys. Rev. Lett. 88, 1755011 
(2002). 
Martin, J. D., and Thomas Hu, Y., Soft Matter 8, 6940-6949 (2012). 
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Keynote Lecture: Particles and liquid crystals in drying droplet 

Arjun G. Yodh, yodh@physics.upenn.edu. University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

I will describe experiments which explore the phenomenology of evaporating colloidal 
droplets. One set of experiments explores how colloidal particle shape affects 
deposition and growth profiles at the drop edge. Another set of experiments replaces 
the suspended spherical particles with lyotropic liquid crystals; the potential for different 
liquid crystal phases leads to qualitatively different deposition kinetics and patterns 
which will be discussed. 
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Charged toroidal droplets 

Alexandros A. Fragkopoulos1, afragkopoulos3@gatech.edu, Eric Berger1, Aaron 
Aizenman1, Ekapop Pairam3, Alberto Fernandez-Nieves2. (1) School of Physics, 
Georgia Institute of Technology, Atlanta, Georgia, United States (3) Physics, King 
Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand  

Toroidal droplets can exhibit unique behaviors. For example, they can shrink as a result 
of the non-uniform Laplace pressure around the tube of the torus. Charge, however, can 
reverse this behavior and cause the torus to expand. We will present PIV experiments 
addressing both these situation. Interestingly, for high enough charge, the torus exhibits 



an instability reminiscent to viscous fingering. We will also discuss experiments 
quantifying this behavior. 
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Collisions between drops and bubbles: Coalescence maps 

Joseph Berry, Raymond Dagastine, rrd@unimelb.edu.au. Chemical and Biomolecular 
Engineering, The University of Melbourne, Melbourne, Victoria, Australia  

Our research has focused on the development of innovative methods to quantitatively 
study the nano-scale thin films between micro-drops or micro-bubbles during their 
collision and coalescence. The forces that control these collisions are crucial for 
understanding applications in mineral and pharmaceutical processing, emulsion and 
foam stability in food and personal care products and in micro-fluidic devices. 
Previously, we have developed experimental and theoretical methods to study the 
dynamic interactions between drop or bubble pairs using Atomic Force Microscopy 
(AFM). Both experimental measurements and quantitative modelling have been able to 
shed light on behaviour as diverse as the charging mechanism for drops and bubbles to 
counter-intuitive observations in micro-fluidic devices such as the coalescence of drops 
on separation. 
 
This talk will focus on how we can use this model to better understand coalescence 
behaviour for classes of different types of surface forces, not limited to the conditions of 
an individual measurement of a drop or bubble pair, through the generation of larger 
scale coalescence maps between drops and bubbles. We use our validated model to 
examine the dependence of drop coalescence behaviour, i.e. coalescence on approach, 
upon separation or the formation of stable films, as a function of collision velocities, drop 
deformation, and the presence of surfactants. This study will provide a pathway to 
translate the detailed information obtained in collisions between drop and bubble pairs 
using AFM to a larger context relevant to emulsions, foams and microfluidics. 
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Coalescence of multiple droplets on surfaces 

Isabel Liberis2, mil25@scarletmail.rutgers.edu, David Davis1, Shahab Shojaei-Zadeh1. 
(1) Mechanical and Aerospace Engineering, Rutgers, The state University of New 
Jersey, Piscataway, New Jersey, United States (2) Chemical and Biochemical 
Engineering, Rutgers, The state University of New Jersey, Piscataway, New Jersey, 
United States  

Droplet coalescence on surfaces is a phenomenon of great relevance in many industrial 
applications such as spray coatings, spray cooling, deposition of pesticides, viscous 
sintering, inkjet printing, and vapor deposition of thin films, to name a few. Coalescence, 
the surface tension-driven mechanism by which two or more drops merge into one 



composite drop, has been studied analytically, experimentally, and computationally in 
many different capacities. Studies have probed sessile and pendant drop coalescence, 
as well as coalescence in a bulk medium. 
Prior experimental work concerning sessile drops has mostly focused on the case of 
two droplets merging. In many applications, however, a large number of droplets are 
deposited simultaneously and subsequently coalesce on a surface. Thus, the two-
droplet setup might present an overly simplified analysis for these types of processes. 
The aim of this work is to elucidate droplet dynamics and morphology in the more 
realistic case of multi-drop coalescence. Different droplet configurations (e.g. linear, 
triangular, etc.) will be experimentally studied, utilizing a setup that allows for 
simultaneous multi-drop coalescence on a substrate. Using high speed imaging, the 
influence of fluid rheology, drop size, and substrate contact angle on the coalescence 
event will be examined. Insight gained from this study could potentially be used to 
improve upon incumbent technologies involving droplet deposition on a substrate. 
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Arrested coalescence of viscoelastic droplets: Connectivity and restructuring 

Prerna Dahiya2, p.dahiya@student.unsw.edu.au, Marco Caggioni1, Patrick T. Spicer2. 
(1) Procter and Gamble Co., West Chester, Ohio, United States (2) Chemical 
Engineering, UNSW Australia, Sydney, New South Wales, Australia  

 
Microstructured viscoelastic droplets in oil-in-water emulsions can arrest during 
coalescence and acquire non-spherical shapes depending on their size, concentration 
and connectivity. The rheology and flow of these droplet networks has a strong effect 
the texture and rheology of various foods, cosmetics, paints, and pharmaceutical 
products. Previous work examined monodisperse binary droplet interactions to develop 
a physical model of arrest and final droplet shape. This work goes further by considering 
the arrest of polydisperse droplets and structures formed from a larger number of 
droplets in order to develop a model of full emulsions. 
 
A new model of droplet arrest is used to describe the shapes formed by polydisperse 
doublets and extend the previous picture of structure formation. A new mechanism that 
restructures arrested droplets is identified and shown to form denser networks but only 
at certain angles of approach. Image analysis mapping distributions of strain through 
droplet networks is suggested as a way to determine the significance of arrest in an 
emulsion but also to better understand the interactions of interfacial and elastic driving 
forces to allow design of anisotropic emulsions microstructures and predict the overall 
performance of formulations. 
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Electrohydrodynamic behavior of droplets in a microfluidic oil-in-oil emulsion 

Somayeh Khajehpour Tadavani1, skt660@mun.ca, James Munroe1, Shankar Ghosh2, 
Anand Yethiraj1. (1) Physics and Physical Oceanography, Memorial University, St. 
John's, Newfoundland, Canada (2) Department of Condensed Matter Physics and 
Materials Science, Tata Institute of Fundamental Research, Mumbai, India  

Electrohydrodynamically driven flows in a two-fluid emulsion provide a system for 
tunable studies of hydrodynamic interactions [1, 2, 3, 4]. In previous studies [1, 2], which 
were carried out in microfluidic geometries where the cell thickness is much smaller 
than the lateral extent, the role of cell thickness on the field-driven flows and also the 
interactions of the drops with the substrate were not examined. To address these, we 
conducted experiments with a capacitor, made of ITO, filled with a silicone oil in castor 
oil emulsion in the presence of a DC electric field. We find that by increasing the sample 
thickness we transit from quasi-2D to practically 3D behaviour by examining the 
difference in both drop size distribution and fluid flow structure. We also identify that the 
primary instability observed is a convective instability. Furthermore, the length scale 
associate with the convection rolls is increasing linearly with increasing the cell 
thickness indicating Rayleigh-Benard-like convection [3]. 



 
In a second set of experiments, one ITO plate of the capacitor was selectively etched 
such that a hexagonal array of roughly circular ITO-free regions was obtained [4]. By 
changing the control parameters, the silicone oil drops are driven to the circles due to 
negative dielectrophoretic forces and create a silicone oil hexagonal structure. In this 
study we used an external AC electric field, while the frequency and the amplitude of 
the field were used as control parameters to study a phenomenon that is a kinetic 
analog of a solid-fluid phase transition of the structure. As a function of the strength of 
hydrodynamic interactions we examine melting of a droplet crystal through shape 
deformations and centroid displacements. 
 
1- A. Varshney, S. Ghosh, S. Bhattacharya, and A. Yethiraj. Self organization of exotic 
oil-in-oil phases driven by tunable electrohydrodynamics. Scientifiec Reports, 2:1–6, 
2012. 
 
2- A. Varshney, S. Gohil, M. Sathe, R. V. Seshagiri Rao, J. B. Joshi, S. Bhattacharya, A. 
Yethiraj, and S. Ghosh. Multiscale flow in an electro-hydrodynamically driven oil-in-oil 
emulsion. Soft Matter, 12:1759–1764, 2016. 
 
3- S. Khajehpour Tadavani, J. R. Munroe, and A. Yethiraj. Electrohydrodynamic 
behavior of droplets in a micro fluidic oil-in-oil emulsion. Physics of Fluids. Submitted 
2016. 
 
4- A. Varshney, S. Gohil, S. Khajehpour Tadavani, A. Yethiraj, S. Bhattacharya, and S. 
Ghosh. Large scale arrays of tunable microlenses. Lab on a Chip, 14:13301335, 2014. 
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Mechanical instabilities in particle laden droplets 

Niveditha Samudrala2, niveditha.samudrala@yale.edu, Jin Nam4, Raphael Sarfati1, 
Robert Style3, Eric Dufresne3. (1) Applied Physics, Yale University, New Haven, 
Connecticut, United States (2) Chemical & Environmental Engineering, Yale University, 
New Haven, Connecticut, United States (3) Department of Materials Science, ETH 
Zurich, Zurich, Switzerland (4) Amore Pacific & Co, Seoul, Korea (the Democratic 
People's Republic of)  

Colloidal particles can be better emulsifiers than molecular surfactants as they adsorb 
with extremely high binding energies and stabilize fluid interfaces against spontaneous 
phase separation. Particle stabilized interfaces are also thought to exhibit enhanced 
mechanical stability. Here, we investigate the mechanics of particle-stabilized droplets 
using micro-pipette aspiration. We observe two distinct instabilities: a capillary 
instability, where the encapsulated fluid starts dripping, and an elastic instability, where 
the particle-laden droplet exhibits classic wrinkling like a thin elastic sheet. We 
investigate the criteria for the onset of these mechanical instabilities by quantifying the 
critical tension that drives each of these phenomena. We elucidate the mechanical 



features of the shell by analyzing the morphological instability and wrinkling patterns 
observed far from the critical threshhold 
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New director configuration in tactoidal droplets of lyotropic chromonic liquid 
crystals 

Karthik Nayani1, knayani3@gatech.edu, Jinxin Fu1, Rui Chang2, Jung O. Park1, Mohan 
Srinivasarao1. (1) Material Science and Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, United States (2) School of Chemical and Biological Engineering, 
Georgia Institute of Technology, Atlanta, Georgia, United States  

We report on a new director configuration in the biphasic regime of lyotropic chromonic 
liquid crystals (LCLCs). For high concentrations, we observe the well understood, 
elongated bipolar tactoids. Surprisingly, for lower concentrations, we find a remarkable 
shape and director transformation in the nematics tactoids. These droplets have a 
spherical shape and the director adopts an escaped concentric configuration. The 
physics behind the director transformation in the tactoids is rationalized using a simple 
model which estimates the length of the aggregates as a function of the temperature. 
Assuming isodesimic aggregation, the model predicts that, lower concentrations, on 
average, have longer aggregates at the same reduced temperature. The stability of the 
concentric- escaped structure is explained by the contrasting scaling of the splay elastic 
constant with the aggregate length, in comparison with the twist and bend elastic 
constants. We realize that the variation of the average aggregate length with 
temperature plays a key role in understanding the physics of the nematic- biphasic 
transition for LCLCs. To explore this further, we measure order parameters using 
polarized Raman scattering for different concentrations. Interestingly, the order 
parameters at TNB are found to be independent of concentration. We provide a simple 
picture incorporating the aggregate length and volume fraction to explain this result. 
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Keynote Lecture: Phase transitions in lipid bilayers: Registration, anti-
registration, and flip-flop 

John J. Williamson2, Peter D. Olmsted1, pdo7@georgetown.edu. (1) Department of 
Physics, Georgetown University, Washington, District of Columbia, United States (2) 
The Francis Crick Institute, London, United Kingdom  

Lipid bilayer phase separation is a rich area with surprisingly wide 
applications in biology. The two leaflets of a bilayer are often treated as if 
they are strongly coupled; i.e., that the two leaflets trivially undergo 
simultaneous transitions between phases, with domains involving both leaflets 
together in a tightly registered fashion. We present theory and simulation 
showing how a competition of interleaflet couplings, hydrophobic mismatch and 



microstructure leads to complex phase diagrams with multiple metastable 
two-phase and three-phase states. Many of the states can be discerned in the 
experiment and simulation literature, and are expected to be especially 
important in the early stages of coarsening, when domains are sub-micron (and 
thus perhaps of significance to lipid rafts). We present different kinetic 
scenarios for transitions between these states. The theory and phase diagrams 
account for both local and overall compositional asymmetry between leaflets, and 
lipid flip-flop can naturally be incorporated. This extension predicts both 
intuitive effects and highly counterintuitive ones, such as a flip-flop induced 
progression to greater, not lesser, asymmetry. 

 

 
 
(left) Free energy landscape and (right) phase diagram showing multiple equilibrium and 
metastable phase coexistences possible within a single lipid bilayer. 
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Transition of liposomes from unilamellar to bilamellar structures through a 
crowding mechanism 

Jaspreet S. Arora1, jarora@tulane.edu, Nirbhay Kumar2, Vijay T. John1. (1) Chemical 
and Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United 
States (2) School of Public Health and Tropical Medicine, Tulane Univeristy, New 
Orleans, Louisiana, United States  

Liposomes are self-assembled lipid nano-containers that are widely used for drug and 
gene delivery. At high concentrations, charged liposomes undergo a transition from 
unilamellar to multilamellar structures as an effect of crowding. In this study, the 
transition of cationic liposomes upon the addition of macromolecules that act as 
“crowders” are studied. Liposomes made with the cationic lipid DOTAP (N-[1-(2,3-
Dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl-sulfate) when placed in contact 
with a neutral disaccharide such as trehalose causes the crowding of the liposomes. In 



these systems, crowding of the trehalose molecules leads to a depletion effect in the 
gaps between liposomes resulting in osmotic gradients. But rather than form colloidal 
aggregates, these unilamellar liposomes deform into discoid shapes due to the 
electrostatic repulsion between the flexible bilayers of adjacent liposomes. The 
liposomes transition from discoid to bilamellar stable structures to relieve the crowding 
and occupy a lower volume fraction in solution. This crowding induced transition was 
also tested using cationic and neutral polymers. These results are validated through 
high resolution cryogenic transmission electron microscopy and dynamic light 
scattering. The DNA attachment to unilamellar and bilamellar DOTAP vesicles was 
studied to see the difference in the formation of lipoplexes and will be discussed 
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Janus particle layers at air/water interfaces 

Sepideh Razavi2, Ilona Kretzschmar1, kretzschmar@ccny.cuny.edu. (1) Chemical 
Engineering, City College of New York, New York, New York, United States (2) 
University of Michigan, Ann Arbor, Michigan, United States  

Janus particles have been heralded by de Gennes as the surfactant-like materials that 
have the potential to create “a skin that can breathe” at an air/water interface. In pursuit 
of furthering the understanding of Janus particle/interface interactions, we have 
investigated the compressional instability of particle-laden air/water interfaces with plain 
and surface-anisotropic (Janus) particles. We hypothesize that the amphiphilic nature of 
Janus particles leads to both anisotropic particle-particle and particle-interface inter-
actions that can yield particle films with unique collapse mechanisms. The analysis of 
Langmuir isotherms and micro-structural characterization of the homogeneous 
polystyrene particle films during compression reveal an interfacial buckling instability 
followed by folding, which is in good agreement with predictions from classical elasticity 
theory. In contrast, Janus particle films are found to collapse through the subduction of 
the Janus particle film. Further investigation of particles with a silica core and various 
surface modifications, reveals a strong sensitivity of the collapse mechanism to both 
highlighting the intimate relationship between surface wettability, particle contact angle, 
and compression mechanics. 
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Marangoni transport of particles at the fluid-fluid interface 

Gunnar Dunér1, gduner@andrew.cmu.edu, Robert D. Tilton1,2, Todd M. Przybycien1,2, 
Stephen Garoff3. (1) Dept Chemical Eng, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States (2) Dept Biomedical Eng, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (3) Dept of Physics, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  



Interfacial tension gradients at a fluid-fluid interface drive convective Marangoni flows. 
When colloidal particles are adsorbed to the interface in systems with spatial and 
temporal gradients of surfactant concentration, such as cleaning and rinsing processes, 
these interfacial flows can potentially be significant contributors to the direction and rate 
of particle transport. The particle convection is the result of a transient interfacial tension 
gradient induced by a spatially non-uniform rate of surfactant adsorption from a 
surfactant solution or desorption into a rinsing solution flowing past the interface. The 
induced interfacial Marangoni flows can be a potent delivery mechanism for particles 
embedded in such an interface. Furthermore, the association of polyelectrolytes and 
oppositely charged surfactants is important in a variety of commercially important 
multicomponent complex fluid formulations where it influences fluid rheology, wetting, 
detergency and emulsification. Marangoni flows are expected to depend strongly on the 
relative concentrations of polyelectrolyte and surfactant through polymer-surfactant 
complexation as well as on the high affinity of polymer/surfactant complexes to the 
oil/water interface on practical timescales. We report on how the strength of surfactant 
induced transport of adsorbed particles at the interface of a water bulk and a thin oil film 
is controlled by the coupling of flow parameters and surfactant interfacial tension 
reduction properties as well as how cationic polyelectrolytes alter the strength of 
surfactant-induced Marangoni flow. 
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Reversible assembly of gold nanoparticle clusters with tunable near infrared 
extinction 

Ehsan Moaseri2, ehsanmoaseri@yahoo.com, Behzad Changalvaie2, Megndi Sun2, 
Alexis Cepeda2, Joseph Schroer2, Konstantin Sokolov1, Thomas Truskett2, Keith P. 
Johnston2. (1) The UT M.D. Anderson Cancer Center, Houston, Texas, United States 
(2) Chemical Engineering, The University of Texas at Austin, Austin, Texas, United 
States  

In biomedical imaging, there is particular interest in assembling NIR active gold 
nanoparticle clusters that can reversibly dissociate back to sub-6nm primary particles 
that can be cleared via the kidneys. Recently, we have demonstrated equilibrium 
assembly of ligand-coated Au nanoparticles into clusters, in the range of 20 to 80nm, by 
tuning the balance of van der Waals attraction versus electrostatic and electrosteric 
repulsion forces provided by the surface ligands. For various binary mixtures of ligands 
on the surface of the primary nanoparticles, the electrostatic and steric repulsions were 
modified by changing the solution pH and/or the surface coverage of the ligands on the 
nanoparticles to control the nanocluster size. Interestingly, the ligand layer was 
sufficient to maintain a shallow enough interparticle attraction potential such that 
clusters reversibly dissociate back to primary particles by simply raising the pH to 
increase repulsion or increasing the temperature. We further controlled the cluster 
morphology by tuning the thickness of the electric double layer around the nanoparticles 
with monovalent and divalent electrolytes to make dense spherical. 
By designing the structure of ligands on the surface of ~5 nm Au nanoparticles, we have 



formed ~50 nm nanoparticle clusters with sufficiently small spacings between primary 
particles to shift the surface plasmon resonance (SPR) into the NIR region. The shift in 
the SPR is caused by the close spacings of individual nanoparticles within the 
nanoclusters that produce dipoles, quadrupoles, and higher-order multipoles. Grafted 
zwitterionic ligands are shown to prevent protein opsonization such that the 
nanoparticles do not grow and are stable even in 100% fetal bovine serum. The 
nanoclusters fully dissociate back to primary nanoparticles at pH 5 (endosome pHs) and 
37°C, which would enable efficient renal clearance. 
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Vapor-liquid equilibrium of multicomponent systems with interfacial curvature 

Nadia Shardt, nshardt@gmail.com, Janet A. Elliott. Univ of Alberta Dept Chem Eng, 
Edmonton, Alberta, Canada  

The effect of interfacial curvature on vapor-liquid equilibrium (VLE) is well understood 
for single component systems. In multicomponent systems, however, the established 
equations governing VLE (e.g. Raoult’s Law) assume a flat interface between the liquid 
and vapor phases. We develop equations that govern the mechanical, thermal, and 
chemical equilibrium of a multicomponent system from Gibbsian thermodynamics to 
calculate the dew and bubble pressures as a function of interfacial curvature and liquid 
mole fraction at constant temperature. For an ideal mixture (ethanol–methanol), the 
pressure in the vapor phase increases for positive radii of curvature (convex liquid 
interface) and decreases for negative radii of curvature (concave liquid interface). The 
same trend is seen for the studied nonideal mixture (ethanol–water), and most 
significantly, the azeotrope (equal volatility point) of the system shifts towards an 
ethanol mole fraction of 1 at positive nanoscale radii of curvature. Given that 
multicomponent systems are ubiquitous in chemical processes, understanding the effect 
of curvature on multicomponent VLE phase diagrams is valuable in the design of 
distillation processes, catalysts, and nanosensors. This work was previously presented 
at the 65th Canadian Chemical Engineering Conference (Oct 2015) and has been 
accepted for publication in J. Phys. Chem. A. Funding from the Natural Sciences and 
Engineering Research Council of Canada (NSERC) is acknowledged. J. A. W. Elliott 
holds a Canada Research Chair in Thermodynamics. 
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Measuring static and advancing contact angles with a liquid needle 

Raymond J. Sanedrin1, rs@krussusa.com, Ming Jin2, Daniel Frese2, Carsten 
Scheithauer2, Thomas Willers2. (1) Kruss USA, Matthews, North Carolina, United States 
(2) KRUSS GmbH, Hamburg, Germany  

The optical determination of static and advancing contact angle is made on drops 
applied or extended, respectively, onto a substrate through the use of thin solid needles. 



Although this method has been used extensively, this method of dosing can be time 
consuming, cumbersome and if not meticulously performed can lead to erroneous 
contact angle results. Herein, we present an alternative way of applying drops onto 
substrates using a small liquid jet, which is produced by a liquid pressure dosing system 
acting as a "liquid needle." A comparative static contact angle study on 14 different 
surfaces with two different liquids (water and diiodomethane) were performed utilizing 
two different ways of dosing: the conventional solid and a novel liquid needle based 
technique. We found, for all but one sample, that the obtained results were highly 
comparable. Observed differences can be explained by the characteristics of either way 
of dosing. We show that the contact angles of µL size drops measured with both 
methods are highly comparable. In addition, we used the liquid pressure based dosing 
system for optical advancing contact angle measurement on two different samples. The 
liquid needle based method facilitates the expansion of a drop from 0.1 to 22 µL within 
less than 1.2 seconds, which provided constant contact angle versus drop base 
diameter curves. The obtained results were compared with data from tensiometric 
dynamic Wilhelmy contact angle measurements. These data, in conjunction with 
sequences of live images of the dosing process of the liquid pressure dosing system, 
illustrate how this system can replace the solid needle by a liquid needle. 
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Acoustophoretic printing 

Daniele Foresti, dforesti@seas.harvard.edu, Jennifer Lewis. School of Engineering and 
Applied Science, Harvard, Cambridge, Massachusetts, United States  

A major need and, at the same time, challenge in planar and 3D printing is the ability to 
pattern materials over a wide range of physical properties. Existing printing techniques 
have severe limitations inherent to their physical mechanisms, such as narrow range of 
ink viscosities (e.g., inkjet printing) and limited geometries (e.g., laser induced forward 
transfer LIFT). Here we introduce the method of acoustophoretic printing, in which 
nonlinear acoustic forces are designed and employed to print on demand wide range of 
materials. By controlling these forces, ejected droplet volume can be varied 
continuously by more than two orders of magnitude, from the subnanoliter to microliter 
range. Specifically, we show that ink viscosities spanning more than four orders of 
magnitude (0.5 mPas to 5000 mPas) can be printed by this nascent method extending 
the printable viscosity range beyond that of traditional inkjet methods by three orders of 
magnitude. To illustrate this, we have printed a broad palette of materials, ranging from 
concentrated polymer solutions to liquid metals. Additionally, we show the ability of this 
nascent method to print colloids of disparate classes, ranging from ceramics, 
conducting inks and human cell-biogel mixtures. 
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Keynote Lecture: Measuring and manipulating cancer-specific extracellular shed 
vesicle population 



Brian Kirby1,2, kirby@cornell.edu. (1) Sibley School of Mechanical and Aerospace 
Engineering, Cornell University, Ithaca, New York, United States (2) Department of 
Medicine, Division of Hematology and Oncology, Cornell University, New York, New 
York, United States  

In recent years, we have come to understand that vesicle-mediated intercellular 
signaling plays a central role in both normal and oncogenic cellular processes. For 
colloid scientists and microfluidic engineers, these extracellular vesicles provide both 
new challenges for analysis as well as new opportunities for impact. In recent years, our 
research group has focused on measurements and manipulation of extracellular shed 
vesicles in a cancer context. In particular, extracellular vesicles are shed via multiple 
biophysical processes which lead to different size subpopulations, and cancer-specific 
vesicles can be prevented with metabolic inhibition. These vesicles are primarily in the 
50-250 nm range, providing separation challenges distinct from most microfluidic size-
based separation (which typically occurs in micron ranges) or molecular separation 
(which typically operates on molecules in the 1-10 nm range). These vesicles also 
create a number of measurement challenges, as preparation protocols vary, 
concentration is fraught with uncertainties regarding agglomeration and damage, and 
most commercial implementation of dynamic light scattering and nanoparticle tracking 
analysis is fraught with sensitivity to system vibration and fluid shear and drift. We will 
present our progress on analytical approaches to interpreting nanoparticle tracking data, 
microfluidic devices for vesicle manipulation and sorting, and therapeutic inhibition to 
limit cancer-specific, vesicle-mediated intercellular signaling. Our long-term goal is to 
inform vesicle-specific therapeutic intervention in cancer. 
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Proof of concept for the rational design of paper based point of care (PoC) 
diagnostic device 

Akshay Subramaniam1,3, Serena Stephen D’Souza 3, Ramchander Chepyala1,2, 
ramch@mit.edu, Santosh Noronha3,1. (1) Tata Centre for Technology and Design, 
Indian Institute of Technology Bombay, Mumbai, India (2) Department of Chemical 
Engineering, Massachusetts Institute of Technology (MIT), CAMBRIDGE, 
Massachusetts, United States (3) Department of Chemical Engineering, Indian Institute 
of Technology Bombay, Mumbai, Maharashtra, India  

Point of care (PoC) paper-based microfluidic devices have shown great promise as a 
means of affordable and reliable disease diagnostics in rural and resource-poor 
settings. However, the knowledge base to address the intricacies involved in the state of 
the art design of these devices remains at a nascent stage. Such design requires a 
rational approach based on the precise engineering of reactions and transport 
phenomena which are essential to ensure the optimum performance of the biosensor; 
this approach must also fulfill the ASSURED criteria suggested by the WHO. In this 
work, we have integrated and demonstrated different rational design frameworks. In 
particular, we have considered the effect of hydraulic resistances and tuned the device 



dimensions to achieve the flow rates of specified reagents. We have experimentally 
verified remobilization behavior and modelled the flow profiles for dry reagents stored 
on the chip. We have also taken available kinetic models of antibody antigen reactions 
and studied the effect of the above phenomena on the reaction, and indirectly the 
colorimetric signal. This signal is estimated by using a low cost color sensor capable of 
detecting analyte concentrations down to 3 ng/ml. The insights thus obtained were 
verified experimentally and then incorporated to demonstrate a paper-based PoC 
device for the detection of osteocalcin, a protein biomarker, for osteoporosis. This 
inexpensive, disposable paper chip based on the concept of two dimensional paper 
network (2DPN) can be operated with a single sample addition step and further addition 
of remobilization agent to trigger a sandwich ELISA. The developed PoC device would 
serve as a platform technology for biomarker detection which can be adapted to 
diagnosing other diseases/conditions. 
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Capturing circulating tumor cell with hierarchical micro/nano patterned surfaces 

Yaling Liu, yal310@lehigh.edu. MEM, Lehigh University, Bethlehem, Pennsylvania, 
United States  

Circulating tumor cells (CTCs) hold great promise for cancer diagnosis and prognosis, 
especially for early-stage cancer screening. Despite the significant progress in 
development of cell capture techniques, the capture efficiency is still limited and often 
accompanied with drawbacks such as low throughput, low selectivity, and cell viability 
issues. We designed a surface with both micro and nano features which significantly 
enhance capture efficiency and selectivity of cancer cells. A systematic study on the 
effects of micro pattern and nanopillar design on adhesion is performed on antibody 
functionalized PDMS surface. Micro-ripples of different wavelengths/amplitudes and 
nanopillars with different diameters are fabricated. The results show a linear relationship 
between cell capture yield and effective contact area of NP substrate where NP array of 
small diameter and reasonable spacing is preferred; however, spacing that is too small 
or too large adversely impairs capture efficiency and specificity, respectively. 
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Hydrogel-enabled osmotic pumping for microfluidics: Towards sweat 
sequestering for wearable human-device interfaces 

Tim Shay1, twshay@ncsu.edu, Orlin D. Velev3, Michael D. Dickey2. (1) Chemical 
Engineering, NC State University, Raleigh, North Carolina, United States (2) Chemical 
and Biomolecular Engineering, NC State University, Raleigh, North Carolina, United 
States (3) Dept Chem Biomol Eng, North Carolina State University, Raleigh, North 
Carolina, United States  



The use of wearable devices in healthcare requires the development of new microfluidic 
sampling methods for sweat biosensing. Therefore, we aim to develop principles for 
osmotic non-invasive sweat sampling. We seek to achieve this by combining hydrogels 
with a microfluidic network to create a soft matter platform that is non-invasive and 
capable of pumping sweat from the body with no power requirement. We are 
harnessing the osmotic properties of hydrogels to passively draw fluid through a 
membrane and pass it along to a microfluidic network for sensing purposes. To 
demonstrate this concept, a microfluidic device was combined with thin hydrogel discs 
equilibrated in saline or glycerol. The hydrogel interfaces with a water-permeable 
membrane, mimicking skin permeability. The high concentration of solute in the 
hydrogel creates an osmotic pressure difference across the membrane driving fluid flow 
through the membrane and into the microfluidic device. The release of this solute from 
the hydrogel autonomously pumps the fluid into an adjacent microfluidic channel. The 
osmotic strength of the hydrogel and its interfacial contact area with the membrane 
controls the flowrate. Continuous withdrawal of the fluid dilutes the concentration of 
solute in the hydrogel, which decreases the flowrate over time. Initial testing has shown 
that the device can pump biologically relevant and accurate levels of glucose across the 
membrane and through a microchannel to a reservoir interfacing a glucose sensor. 
Sensors and electrodes can be implemented in these microfluidic devices to test for 
other bioanalytes in sweat. 
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Spiral vortex formation in cross-slot flow 

Noa Burshtein1, noa.burshtein@oist.jp, Simon J. Haward2, Amy Q. Shen2. (1) 
Micro/bio/nanofluidics, Okinawa Institute of Science and Technology Graduate 
University, Onna son, Okinawa, Japan (2) Micro/Bio/Nanofluidics, Okinawa Institute of 
Science and Technology, Onna-son, Okinawa, Japan  

Newtonian flow in cross-slot channels results in the formation of a steady spiral vortex 
instability as the Reynolds number (Re) is increased above a modest critical value 
(Rec). The value of Rec depends on the channel aspect ratio, α=d/w, where d and w are 
the depth and width of the channel, respectively. This symmetry-breaking flow 
bifurcation can be described by a Landau-type 6th-order polynomial potential used to 
characterize tricritical instabilities and phase transitions (Haward et al., Phys. Rev. E 93, 
031101, 2016). Here, we employ glass cross-slot devices with α=0.5 and α=1, 
fabricated by selective laser-induced etching (LightFabTM), and we use high speed 
quantitative flow velocimetry to examine the onset mechanism and the dynamic 
development of the instability over a range of Re. We experimentally show that for α=1 
the transition is 1st order and hysteretic (Fig. 1). For α=0.5 the transition is 2nd order. Our 
observations support previous numerical simulations showing that the transition results 
from the growth of center-point vorticity induced by formation of Dean vortices in the 
channel cross-section. The dynamics of the flow in the cross-slot reveals that vorticity 
intensification is governed by two distinct time scales. Initially, viscous diffusion 
dominates and vortex growth is slow. Once the vorticity is sufficiently high, vortex 



stretching dominates and rapid intensification of vorticity is observed until steady state is 
reached. 

 

 
 
Fig.1 (a) Schematic drawing of the cross-slot device. The measurement plane is located in the 
center of the channel (x=0) (b) Vx/U along z=0 as a function of Re. Data is fitted with the Landau 
model. Dashed arrows indicate the hysteresis loop. (c) μ-PIV images of the cross-section 
showing velocity magnitude and velocity vectors obtained for quasistatic increases (top) and 
decreases (bottom) in the Re for the flow of water in the cross-slot with α=1. 
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Measurement of solubility and dissolution rate of water in bitumen using a 
microfluidic technique 

Sachin Goel1, Jiayi Wei1, Samson Ng2, Arun Ramachandran1, 
arun.ramchandran@utoronto.ca. (1) Chemical Engineering and Applied Chemistry, 
University of Toronto, Toronto, Ontario, Canada (2) Syncrude Canada limited, 
Edmonton, Alberta, Canada  

In the oil sands industry, the presence of water in bitumen is highly undesirable in 
downstream unit operations. However, conventional methods such as centrifugation 
and inclined settling are ineffective in removing extremely fine water droplets, which can 
form a significant fraction of the residual water content in bitumen after separation. To 
determine what fraction of this water is hydrodynamic in origin, we need to first 



determine the solubility of water in bitumen, because it is well known that surfactants 
that exist naturally in bitumen, namely asphaltenes and naphthenic acids, can move 
towards water-bitumen interfaces to trap water in reverse micelles or aggregates. The 
traditional method of ascertaining the solubility of water in oil is to mix water and oil until 
equilibrium is reached, separate out the emulsified water from oil by settling or 
centrifugation, and then measure the water content by a suitable method (e.g. Karl 
Fischer titration). The challenge of implementing this method for bitumen is that mixing 
water and bitumen produces extremely stable emulsions, and the removal of resulting 
sub-micron-sized emulsified water droplets is difficult to implement even with 
ultracentrifugation. 
The aim of this project is to use a relatively simple microfluidic method to determine the 
solubility and dissolution dynamics of water in bitumen under varying conditions of pH, 
bitumen fractions, bitumen dilution level and the type of solvent. The microfluidic 
extensional flow device is employed to study the dissolution rate of a single, pancake-
shaped water drop in diluted bitumen. Numerical simulations in COMSOL are used to 
determine the mass transfer coefficient. Our study has uncovered four key features. 
First, as pH increases, the dissolution rate of water decreases for a fixed strain rate. 
Second, increasing bitumen concentration enhances the water solubility but reduces the 
diffusion coefficient. Overall, the dissolution process slows down with an increase in 
wt% of bitumen. Third, both diffusivity and water solubility increase with increasing 
diluent aromaticity. Consequently, an increase in diluent aromaticity improves the 
dissolution rate of water. Lastly, water solubility decreases drastically when asphaltenes 
are removed from bitumen system. Our microscale results can also predict the time 
required to solubilize a spherical water drop of some initial size in bitumen, if the mixing 
conditions and flow field at the macroscale are provided. 
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Using microfluidics to measure interfacial properties of atmospheric aerosol 
particle mimics 

Cari Dutcher, cdutcher@umn.edu, Andrew Metcalf. Mechanical Engineering, University 
of Minnesota, Minneapolis, Minnesota, United States  

The phase state and viscosity of atmospheric aerosol particles is of great interest due to 
physicochemical interactions that could influence gas-particle partitioning, chemical 
reactions, and water accommodation. Although aerosols have traditionally been treated 
as well-mixed, liquid spheres in modeling studies, recent experimental evidence 
suggests that ambient particles, particularly aged secondary organic aerosol (SOA), can 
be phase-separated into multiple liquid phases and/or in a highly viscous, glassy state. 
The presence of surface active constituents in atmospheric aerosol may lead to the 
formation of phase-separated morphologies, typically as organic thin films which 
surround an aqueous core. These thin films may disrupt equilibrium partitioning and 
mass transfer into and out of the particle. To improve our ability to accurately predict the 
fate of SOA in the atmosphere, we must improve our understanding of aerosol 
interfacial behavior. 



 
In this talk, our microfluidic platform will be used to probe the surface activity and 
rheological properties of atmospheric aerosol chemical mimics. From our experiments, 
thermodynamic properties such as interfacial tension, rheological properties such as 
interfacial moduli and viscosity, and kinetic properties such as mass transfer coefficients 
can be measured or inferred for a range of atmospheric aerosol chemical mimics. The 
chemical mimics studied here include aqueous solutions of sucrose and dicarboxylic 
acids, commonly used as SOA surrogates, at nearly saturated salt concentrations. 
These systems will be compared to our previous work on a reacting methylglyoxal—
ammonium sulfate system and recent work on filter extracts of SOA formed by 
photooxidation of naphthalene. From observations of surface activity and rheological 
properties of these aerosol chemical mimics, the behavior of atmospheric aerosols due 
to interactions of liquid-liquid, phase-separated interfaces within aerosol particles and 
possible transitions to a glassy state will be inferred. 
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Keynote Lecture: Reengineering tumor microenvironment to improve cancer 
treatment: Bench to bedside 

Rakesh Jain1,2, Jain@steel.mgh.harvard.edu. (1) Department of Radiation Oncology, 
Harvard Medical School, Boston, Massachusetts, United States (2) Department of 
Radiation Oncology, Massachusetts General Hospital, Boston, Massachusetts, United 
States  

For more than three decades, our research has focused on one challenge: improving 
delivery and efficacy of anti-cancer therapies. Working on the hypothesis that abnormal 
tumor microenvironment fuels tumor progression and treatment resistance, we 
developed an array of novel imaging technologies and animal models as well as 
mathematical models to unravel the complex biology of tumors. Using these tools, we 
demonstrated that blood and lymphatic vasculature, fibroblasts, immune cells and 
extracellular matrix associated with tumors are abnormal, which together create a 
hostile biochemical and physical tumor microenvironment. We also revealed how these 
abnormalities fuel malignant properties of a tumor while preventing treatments from 
reaching and attacking tumor cells. We next hypothesized that if we could reengineer 
the tumor microenvironment, we should be able to improve treatment outcome. Indeed, 
we demonstrated that judicious use of antiangiogenic agents could transiently 
“normalize” tumor vasculature, alleviate hypoxia, increase delivery of drugs and anti-
tumor immune cells, and improve the outcome of radiation, chemotherapy and 
immunotherapy in a number of animal models. Moreover, our trials of antiangiogenics in 
newly diagnosed and recurrent brain tumor patients supported this concept. They 
revealed that the patients whose tumor blood perfusion increased in response to 
cediranib – a pan-VEGFR TKI – survived 6-9 months longer than those whose blood 
perfusion did not increase. The normalization hypothesis also explained how anti-VEGF 
agents could improve vision in patients with wet age-related macular degeneration, and 
opened doors to treating other non-malignant diseases harboring abnormal vasculature, 



which can lead to deafness; tuberculosis; plaque rupture). Our clinical finding led to the 
approval of bevacizumab for NF2 patients in UK. In parallel, by imaging collagen and 
measuring perfusion in tumors in vivo, we discovered that the extracellular matrix 
compresses blood vessels and impedes drug delivery in desmoplastic tumors . We 
subsequently discovered that angiotensin blockers to control hypertension are capable 
of “normalizing” the extracellular matrix, opening compressed tumor vessels, and 
improving the delivery and efficacy of molecular and nanomedicine. This finding offers 
new hope for improving treatment of highly fibrotic tumors and has led to a clinical trial 
at MGH on losartan and chemotherapy in pancreatic cancer. 
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Fabrication and characterization of a quantum dot based nanosensor for cellular 
potassium imaging 

Heather Clark1, h.clark@neu.edu, Timothy Ruckh1, Christopher Skipwith1, Wendi 
Chang2, Alexander Senko2, Vladimir Bulovic2, Polina Anikeeva2. (1) Northeastern 
University, Boston, Massachusetts, United States (2) Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

We have developed a modular design for photo-stable and ratiometric nanosensors 
capable of quantitatively imaging potassium fluxes. Ion channel physiology affects 
distinct fields from cardiology to neurobiology to drug development and screening. Ion 
channel biophysics may change due to inherited gene mutations, post-translational and 
epigenetic modifications, and as a side effect to medication. Electrophysiology 
recordings can measure biophysical parameters such as current, but other techniques 
such as confocal imaging using fluorescent indicators is necessary to capture spatio-
temporal features. 
Fluorescent indicator dyes or genetically-encoded reporters for calcium have far 
outperformed the fluorescent indicators for potassium. Potassium dyes suffer from lack 
of specificity over sodium, short excitations wavelengths, and rapid photobleaching. 
Furthermore, changing the sensitivity for an indicator dye requires a structural change in 
the indicator molecule. To create a new fluorescent probe for cellular imaging, we have 
designed tunable potassium sensors that that incorporate two quantum dots, providing 
a photostable, ratiometric signal from a single excitation wavelength. 
The hydrophobic nanosensors contain three hydrophobic sensing components; a 
chromoionophore (pH-responsive fluorophore), a charged additive, and an ionophore 
(ion-binding molecule). The dynamic range and selectivity change as the relative ratios 
of the three sensing components change. The hydrophobic core contains the three 
sensing components within a plasticized matrix, and the matrix is stabilized by a 
PEGylated phospholipid. Nanosensor fabrication and purification are simple, requiring 
only five minutes from start to finish to produce 68 nm nanosensors. 
The potassium-selective nanosensors were characterized for their performance based 
on sensitivity, selectivity, and reversibility. The response to potassium has a center of 
the dynamic range of about 45 mM, and they are fully selective over sodium. We also 
characterized the time resolved fluorescen properties of the sensors in order to better 



understand the energy transfer of the optical components. In addition, the sensors can 
be attached to the extracellular membrane of cultured cells and imaged using standard 
microscopy techniques. 
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Multifunctional theranostic silica-gold core-shell nanoparticles for breast cancer 
applications 

Derek VanDyke1, dvandyke31196@gmail.com, Prakash Rai2. (1) Chemical 
Engineering, University of Massachusetts Lowell, Billerica, Massachusetts, United 
States (2) Department of Chemical Engineering, University of Massachusetts-Lowell, 
Lowell, Massachusetts, United States  

Breast cancer (BrCa) is the second leading cause of cancer death in women and this 
year about 40,000 women are predicted to die from BrCa. About 10-20% of BrCa are 
found to be triple negative, an even more severe type of BrCa that has lower survival 
rates. Triple negative BrCa (TNBC) does not express the genes for hormone epidermal 
growth factor receptor 2 (HER-2), estrogen receptors (ER), and progesterone receptors 
(PR) which means hormone therapy and drugs that target these receptors are 
ineffective means of treatment. Recently the use of nanoparticles has become popular 
and this research focuses on the synthesis and characterization of multifunctional 
theranostic silica-gold, core-shell nanoparticles (SGCSNs) which will be used for 
imaging and photothermal therapy of TNBC. The nanoparticles were synthesized by 
first making a silica core and then seeding the core with gold nanoparticles to form a 
gold shell. Bifunctional PEG molecules were attached to the surface of the synthesized 
nanoparticles; one end with a thiol ligand attached which binds to the gold shell of the 
nanoparticles by a gold-sulfur bond and the other end either has folic acid which binds 
to the overexpressed folate receptor seen in TNBC, or fluorescein isothiocyanate (FITC) 
which serves as a fluorescent imaging agent. A gold shell was chosen for the synthesis 
of the nanoparticles because gold serves as a good agent for CT scanning because of 
its high Z value which makes the nanoparticles ideal for imaging. Also because of 
surface plasmon resonance, gold nanoparticles can be used to destroy cells through 
photothermal therapy. The theranostic SGCSNs were characterized and a bifunctional 
PEG was attached for applications in imaging and photothermal therapy of TNBC in 
vitro, using MDA-MB-231 cells. If successful SGCSNs could be useful in both imaging 
and photothermal therapy and could greatly improve the quality of life of TNBC patients. 
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Holographic characterization of protein aggregates 

David B. Ruffner1, davidruffner@gmail.com, Jaroslaw M. Blusewicz1, Chen Wang2, 
Xiao Zhong3, Alexandra Stutt4, Michael D. Ward3, David G. Grier2, Laura A. Philips1. (1) 
Spheryx, Inc., New York, New York, United States (2) Physics, New York University, 
New York, New York, United States (3) Chemistry, New York University, New York, 
New York, United States (4) Packer Collegiate Institute, Brooklyn, New York, United 
States  

We demonstrate how holographic video microscopy can be used to detect, count, and 
characterize individual micrometer-scale protein aggregates as they flow down a 
microfluidic channel. Holographic characterization directly measures the radius and 
refractive index of subvisible protein aggregates and offers insights into their 
morphologies. Information on individual particles' refractive indexes can be used to 
differentiate protein aggregates from such contaminants as silicone droplets. The 
measurement proceeds fast enough to build up population averages for time-resolved 
studies and lends itself to tracking trends in protein aggregation arising from changing 
environmental factors. These capabilities are demonstrated through measurements on 
samples of bovine serum albumin in buffers of various ionic strength and pH. 



Differentiation is demonstrated with samples that have been spiked with separately 
characterized silicone oil spheres. Holographic characterization measurements are 
compared with results obtained with microflow imaging and dynamic light scattering. 
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Coarse-grained modeling of monoclonal antibody self-association in 
concentrated solution 

Gang Wang, gangwang@mit.edu, James W. Swan. Department of Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States  

Monoclonal antibodies and their derivatives represent the fastest growing segment of 
the biopharmaceutical industry. For many applications such as novel cancer therapies, 
high concentration, subcutaneous injections of these protein solutions are desired. 
However, depending on the peptide sequence within the antibody, such high 
concentration formulations can be too viscous to process and inject. Reversible self-
association is identified as one of the potential reasons contributing to such high 
viscosity. Thus, understanding how heterogeneous charge distribution and 
hydrophobicity within the antibodies determine the self-association behavior and 
transport properties such as diffusivity and viscosity, is crucial to their future application. 
In this talk, we explore a coarse-grained computational model of therapeutically relevant 
monoclonal antibodies. Each antibody molecule is represented by 12 spherical beads, 
and the size of them is determined by matching the experimentally measured antibody 
hydrodynamic radius. The model accounts for electrostatic, dispersion and 
hydrodynamic interactions between the proteins. GPU-accelerated particle simulation 
toolkit HOOMD-blue and in-house developed plugins are utilized to perform Brownian 
Dynamics with hydrodynamic interactions on a large system consisting of hundreds of 
antibody molecules. Assembly structure and transport properties in concentrated 
antibody solutions are predicted and compared with experimental results. We explain 
the high viscosities observed in many experimental studies of the same biologics. 
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Exploiting adhesive surface heterogeneity for controlled targeting in flowing 
delivery packages 

Molly Shave1, mshave@mail.pse.umass.edu, Maria M. Santore2. (1) UMass Amherst, 
Schenectady, New York, United States (2) Dept of Polymer Science, University of 
Massachusetts, Amherst, Massachusetts, United States  

While antibody-functionalization of carriers including particles and micelles has been a 
demonstrated strategy for directing drugs to tumors and other targeted tissues, simple 
use of antibodies does not take full advantage of the capabilities of these packages nor 
does it address specific additional challenges: While some tumors are clearly 



distinguished by the presence of a unique marker on cell surfaces other targets are 
distinguished only by different levels of those markers. Additionally it is desirable to 
exploit the unique flow environment near some tissues for sophisticated targeting. In 
this work we develop electrostatically patchy particles as model delivery agents, 
exploiting multivalent electrostatic interactions to achieve selective targeting in flow. The 
model particles, containing nanoscopic regions of cationic functionality, serve as models 
for antibody-functionalized carriers, and in our studies of targeted capture, reveal key 
features useful for targeting tissues based on flow conditions and the effective 
concentration of targeted species: First, there exists a flow-dependent adhesion 
threshold or critical concentration of nanoscopic features which must be placed on a 
particle before it will adhere a given target. This threshold, itself, depends on the 
concentration of complimentary adhesive functionality on the target. More interesting, 
however, the critical concentration of functionality needed for adhesive capture 
increases with flow, potentially allowing targeting to specific regions of the vasculature. 
Finally, the action of the functionality on the particle acts differently than if the 
nanoscopic functionity were positioned on a target collecting surface. Translating these 
findings to implications for design of antibody-containing carriers, this means that 
targeting sparse functionality, for instance on the inner lumen of the vasculature, there 
are specific surface concentrations of adhesive features (antibodies) needed to 
distinguish tissues containing different levels of a surface marker. Further, it is possible 
to engineer carriers to limit the dosage of carriers in high or low flow, depending on the 
surface environment. 
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Electrokinetically driven, template-free assembly of colloidal spheres into stable 
3-D microstructures 

Joshua Raveendran1, Jeffery A. Wood2, Aristides Docoslis1, docoslis@queensu.ca. 
(1) Chemical Engineering, Queens University at Kingston, Kingston, Ontario, Canada 
(2) Soft matter, Fluidics and Interfaces, University of Twente, Enschede, Netherlands  

Colloidal crystals and densely packed colloidal structures can find uses as photonic 
bandgap materials (PBG), scaffolds for tissue engineering applications, templates for 
surface-enhanced Raman spectroscopy, as well as in sensors, microelectronics, and 
dye sensitized solar cells. Numerous techniques are available for fabricating these 
types of structures, including self-assembly, template-assisted assembly and assembly 
driven by an external field such as gravitational, electrical or magnetic. Electric fields in 
particular offer a number of advantages, as they provide a large number of control 
parameters (voltage, medium and particle electrical properties) and can be scaled to 
very large intensities at low power by reducing the characteristic gap between 
electrodes, while not being restricted to ferromaterials as magnetic fields are. 
This work provides examples of how alternating current (AC) electrokinetics can be 
used toward the template-free assembly of colloidal spheres into three-dimensional 
structures of various shapes and length scales in aqueous or non-aqueous fluids. The 
concept is demonstrated by employing spatially non-uniform AC electric fields 



generated by planar microelectrode arrays with characteristic dimensions on the order 
of 100 microns. Dielectrophoresis (DEP) and electroosmosis (EO) are the primary 
means used for manipulating and assembling individual colloidal spheres in a contact-
free manner. By controlling parameters such as, electric field intensity, suspending fluid 
properties, microelectrode design, and mode of electric field application, the assembly 
of inorganic and polymeric microspheres (0.3-3.0 microns in diameter) into 3-D objects 
of orthogonal, circular and diamond shapes over 100 microns in size can achieved. 
Additionally, near-refractive index matching of suspensions promotes the formation of 
densely packed colloidal structures. The size and shape of the formed 3-D 
microstructures can be preserved through encapsulation into a hydrogel, subsequent 
removal of which permits the isolation and study of these microparticle assemblies. 
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High density equilibrium phases of colloidal ellipsoids by optically enhanced 
direct current electric fields 

Mahesh Ganesan, maheshg@umich.edu, Michael J. Solomon. Univ of Michigan, Ann 
Arbor, Michigan, United States  

We use direct current (DC) electric fields in conjunction with ultraviolet light to produce 
highly dense, ordered assemblies of colloidal ellipsoids with volume fraction ranging 
between 0.41 – 0.67. Ellipsoidal phases of colloids are of interest because of novel 
packings predicted at high volume fraction, and because of potential application of 
these phases as structural color materials. The coupling of light to DC fields caused 
enhanced electrophoretic deposition of particles, and for the case of ellipsoids, resulted 
in denser assemblies than that reported by other methods. The applied voltage across 
the capacitor-like device used for the self-assembly was varied from 1.75 – 2.3 V and 
the incident light intensity was varied between 75 – 400 W/m2. As the overall field 
strength produced by light and electric current was increased, the assembled colloids 
underwent a phase transition from an isotropic fluid to a liquid crystal phase. At even 
higher field strengths, jammed suspensions with small domain nematic order was 
observed. For the densest assemblies, at least six ellipsoidal layers were observable by 
confocal microscopy; the layer-by-layer orientational and positional ordering was 
determined by means of image analysis. For the densest, highest quality assembly, we 
quantify the symmetry and angle between the ellipsoidal layers using principal 
component analysis. The results are then compared to previous reports for liquid crystal 
assemblies of ellipsoids as predicted by simulation and found in experiment. 
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Controlling positional and orientational assembly of anisotropic particles in AC 
electric fields 



Isaac Torres Diaz, itorres3@jhu.edu, Bradley Rupp, Xiaoqing Hua, Yuguang Yang, 
Michael A. Bevan. Chemical and Biomolecular Engineering, Johns Hopkins University, 
Baltimore, Maryland, United States  

Hierarchical microstructures composed of colloids are of great interest for technological 
applications and advanced materials such as metamaterials and microfluidic devices. 
The dynamics of spherical colloidal particles has been analyzed previously for several 
systems, and has led to the control of the formation of perfect crystals using AC electric 
fields. However, spherical particles do not have a dependence on its orientation as 
anisotropic particles. Recently, researchers reported experiments showing the 
capabilities of anisotropic particles to assemble in different configurations, yet a detailed 
understanding of the mechanism and control is lacking. This work shows both 
theoretical and experimental results of the positional and orientational control of a 
colloidal system composed of anisotropic colloidal particles with a tri-axial ellipsoidal 
shape subjected to a non-uniform electric field close to a planar wall. We show that 
particles pack into different structures and orientations as a function of the applied 
electric field amplitude and frequency by taking into account dipole-field, dipole-dipole, 
and colloidal interactions. This analysis provides a theoretical framework for the 
equilibrium and non- equilibrium structures that can be formed via field mediated 
interaction, which are validated by experimental microscopy results, and can ultimately 
be used to engineer the hierarchical assembly of anisotropic particles. 
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Smart assembly of magnetic microparticles utilizing 3D magnetic fields 

Rasam Soheilian, soheilianr@gmail.com. Mechanical Engineering, Northeastern 
University, Brookline, Massachusetts, United States  

Directed assembly techniques of particle suspensions represent an exciting approach 
for the development of reconfigurable optical fluids that can bend, adsorb, or accentuate 
light. As two optical particles come together, they create local enhancement to the 
electromagnetic fields. Magnetic fields allow for the remote control of particle assembly 
in a massively parallel format in bulk fluid. However, linear magnetic fields offer very 
little tunability for the resultant assemblies. For example, a linear field will provide a 
time-dependent chain aggregation of magnetic particles. Instead, 2D rotating fields 
allow for enhanced tunability, creating planar assemblies. By expanding the applied 
magnetic field functions into the third dimension, a significantly large design space for 
particle assemblies can be realized. 
Here, we have developed theoretical, numerical, and experimental investigations for 
three dimensional magnetic field functions capable of creating complex particle 
assemblies. These three dimensional sinusoidal field functions can generate 
suspensions full of particle dimers, trimers, and quadramers, for example, in bulk fluid 
away from substrates. These suspensions have long-term stability and can be quickly 
switched between states. In numerical simulations particles are considered as simple 
magnetic dipoles and effects of mutual polarization are neglected. Stokes equation has 



been implemented to capture the hydrodynamics and Forward Euler method was used 
to update the position of particles after each time step. In experiments, magnetic fields 
were applied using three 4 in. diameter iron-core solenoids that are placed in the x, y, 
and z direction. The solenoids are fed with current from three 20-5M bipolar operational 
amplifiers (Kepco) controlled with a LabView program. Magnetic fields generated were 
measured using 425 gaussmeter (Lake Shore Cryotronics Inc., OH, USA). Magnitudes 
of the applied magnetic fields are 8, 12, and 16 mT. 
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Multidirectional colloidal assembly in concurrent electric and magnetic fields 

Bhuvnesh Bharti1, bhuvneshbharti@gmail.com, Florian Kogler2, Carol K. Hall1, Sabine 
Klapp2, Orlin D. Velev1. (1) Chemical and Biomolecular Engineering, North Carolina 
State University, Raleigh, North Carolina, United States (2) Institut für Theoretische 
Physik, Technische Universitaet Berlin, Berlin, Germany  

Dipolar and multipolar interactions between nano- and micron sized colloids leads to 
their assembly into domains with well-defined order. Particles with a single dipole 
induced by an external field assemble into linear chains and clusters. However, more 
sophisticated interaction tools are needed in order assemble advanced assemblies with 
tunable physical characteristics. We will report how such complex interactions can be 
introduced in the form of two independent, non-interacting dipoles (double-dipoles) 
within a microparticle. We demonstrate that this can be achieved by simultaneous 
application of AC-electric field and uniform magnetic field to superparamagentic 
microsphere dispersions. The concurrent electric and magnetic fields lead to the 
formation of bidirectional chains, colloidal networks, and discrete crystals. We 
investigate the mechanistic details of the assembly process and identify different non-
equilibrium states formed. The morphologies of different experimental states are in 
excellent correlation with our theoretical predictions based on Brownian Dynamics 
simulations combined with an analysis of the energy of the colloidal network based on 
local energy parameters. This new methodology of introducing and interpreting double-
dipolar colloidal interactions may assist in the formation of supracolloidal layers, 
materials with directional electrical and thermal transport, dynamically reconfigurable 
particle networks, and bidirectionally responsive actuators. 
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Conformations and dynamical regimes of rotating elastic filaments 

Steve Kuei, kuei.steve@gmail.com, Sibani L. Biswal. Chemical and Biomolecular 
Engineering, Rice University, Houston, Texas, United States  

An ongoing question in complex fluids is the dynamics of elastic filaments in fluid 
environments, as inspired by a host of both naturally occurring and industrially relevant 
phenomena. For example, many bacteria use flagella and cilia to propel themselves and 



influence the flows around their bodies, and in an industrial context, the rheology and 
processing of polymers depend on the response of each fiber to fluid flow. In particular, 
the desire to predict the dynamical behavior and properties of semi-flexible fibers such 
as carbon nanotubes and actin has led to many studies in the past century, but recent 
results deviate from the expected scaling behavior of rigid and flexible fibers from 
previous work. Therefore, we investigate the dynamical behavior of semi-flexible chains 
via a tunable colloidal model system, which consists of linked paramagnetic colloidal 
particles. The system is described by the persistence length lp, the contour length lc, and 
the strength and rotational frequency of the external magnetic driving force. By 
combining experiments, computational models, and theoretical balances, we find that 
the dynamics of the system are governed by the dimensionless Mason number and 
Magnetoelastic number, allowing us to identify, classify, and predict the behavior of 
semi-flexible chains under various driving conditions. 
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Non-equilibrium colloidal potentials and assembly via magnetic dipolar, 
hydrodynamic and depletion interactions 

Anna Coughlan, acoughlan18@gmail.com, Michael A. Bevan. Chemical and 
Biomolecular Engineering, Johns Hopkins University, Baltimore, Maryland, United 
States  

The ability to robustly and reversibly control colloidal interactions and assembly would 
enable scalable manufacturing processes capable of producing meta-materials with 
exotic electromagnetic properties. Various phenomena that exploit particle-particle and 
particle-surface interactions have been used alone and in combination to produce 
ordered materials from colloids, with limited control and effectiveness at fixing defects. 
To that end, we study how thermal motion, dipolar interactions, magnetic fields, 
hydrodynamics and depletion can be optimally coupled to robustly control the assembly 
of micro- scale components into ordered configurations. We quantify single particle, two 
particle and multi-particle systems in a rotating magnetic field and directly relate particle 
and doublet rotation, center-to-center distance, and colloidal microstructures to friction 
and kT-scale energy landscapes. Colloidal translational and rotational trajectories are 
measured in real-space and real-time using video microscopy methods. The dynamic 
evolution of an initial chain of particles into a colloidal crystal in the presence of a 
rotating field and additional tunable interactions (polymer depletion) is modeled using a 
novel approach based on fitting the Fokker-Planck (FP) equation to experimental 
microscopy and computer simulated assembly trajectories. The use of order parameters 
rigorously quantifies both statistical mechanical (pseudo free energy) and fluid 
mechanical (hydrodynamic) contributions in this non-equilibrium, steady-state system. 
With the ability to measure and tune kT-scale colloidal interactions and quantitatively 
model how such interactions are connected to dynamically changing microstructures, 
we demonstrate the potential for control of the assembly, disassembly, and repair of 
colloidal crystals. 
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Configurable assembly of microparticles via acoustic standing waves 

Wyatt Shields1, cws14@duke.edu, Crystal E. Owens2, Christopher Reyes3, Pearlson 
P. Suthanthiraraj1, Lin Fu3, Benjamin J. Wiley3, Patrick Charbonneau3, Gabriel Lopez1,3. 
(1) Biomedical Engineering, Duke University, Durham, North Carolina, United States (2) 
Mechanical Engineering & Materials Science, Duke University, Durham, North Carolina, 
United States (3) Chemistry, Duke University, Durham, North Carolina, United States  

Tremendous effort has been dedicated to creating well-ordered structures from 
microscopic and nanoscopic particles using magnetic fields, electric fields, capillary 
forces and ionic interactions. However, the potential of creating well-ordered structures 
from standing pressure waves remains largely unexplored. Acoustic forces may offer 
numerous advantages, including scalability, programmability, rapidity and the ability to 
manipulate particles of various compositions (i.e., without narrowly defined 
electromagnetic or other properties). While some studies have shown the ability to 
concentrate particles with forces from acoustic waves, the limitations to assemble 
particles of various sizes with precision and the morphology of these structures remains 
poorly understood. Here, we explore the flexibility and limitations of acoustophoresis for 
the rapid arrangement of micro- and nanoparticles into organized and programmable 
structures. We employ multi-dimensional bulk acoustic standing waves to propel 
particles toward the pressure nodes or antinodes, depending on their acoustic contrast 
factor, and we can thus create thousands of size-limited, assemblies simultaneously 
and within minutes. We pair these experiments with Brownian dynamics simulations to 
model the migration kinetics and assembly patterns of different types of particles. We 
also use simple analytical models to predict the limitations of this approach to 
manipulate particles of diminishing size, and we follow these predictions by 
concentrating gold nanoparticles into loosely packed clusters (unlike microparticles, 
which can arrange into tightly packed structures). Finally, to catalyze the assembly of 
these exceedingly small particles into tightly packed structures, we incorporated a 
simple light-based crosslinking approach that stabilizes the assemblies, which may 
provide utility in plasmonic and photonic applications. 
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Keynote Lecture: Embedded metal nanoparticles as light-driven, localized heaters 
within polymeric solids 

Laura Clarke, liclarke@ncsu.edu. NC State University, Raleigh, North Carolina, United 
States  

Metal nanoparticles strongly absorb specific wavelengths of visible/infrared light with no 
radiative relaxation by which to release this energy. As a result, the absorbed energy is 
efficiently converted to local heat (a photothermal effect [1]). With an effective cross-
section of up to 10 times its physical size, each particle acts as a "super-sized" absorber 
even when embedded within a material environment, resulting in dramatic heating [2,3] 
originating at the particles. Polymer nanocomposites containing metal nanoparticles can 
then be probed and altered by applying internal heat. I'll summarize our previous work 
delineating the temperature profile from particle outward [4] and discuss our recent 
studies [5] utilizing photothermal effects, including internal annealing to increase 
crystallinity fraction in both films and nanofibers of poly(ethylene oxide) [6], in-situ curing 
of epoxy, and intentional degradation of starch-poly(ethyl cyanoacrylate) composites. 
The talk will highlight the unique features of a photothermal approach, such as the 
ability to couple energy quickly (as light) into low thermal conductivity environments and 
possible changes in thermal conductivity at the particle-polymer interface. We 
acknowledge funding support from the National Science Foundation CMMI-0800237, 
CMMI-0829379, CMMI-1069108, CMMI-1462966. 
[1] S. Maity et al., Polymer 52, 1674 (2011). 
[2] S. Maity et al., Adv. Funct. Mater. 22, 5259 (2012). 
[3] S. Maity et al., Part. & Part. Sys. Char. 30, 193 (2013). 
[4] S. Maity et al., Nanoscale 6, 15236 (2014). 
[5] D. B. Abbott et al., Macrom. Chem. & Phys. 215, 2345 (2014). 
[6] V. Viswanath et al., Macromolecules 46, 8596 (2013). 
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Structure and dynamics of nanoparticles and polymer in model colloid-polymer 
suspension 

Ryan Poling-Skutvik, rpoling-skutvik@uh.edu, Jacinta Conrad, Ramanan 
Krishnamoorti. Chemical and Biomolecular Engineering, University of Houston, 
Houston, Texas, United States  

We use a model system of silica nanoparticles (50 nm in diameter) dispersed in 
semidilute solutions of high molecular weight polystyrene (of radius of gyration 30 nm) 
to investigate structure and dynamics in composite materials. We probe the structure of 



the silica nanoparticles using static x-ray and neutron scattering techniques as a 
function of wavevector Q. The particles exhibit a prominent structure factor peak that 
corresponds to well-dispersed, individual particles with an interparticle distance of 
approximately 150 nm depending on particle concentration. On length scales larger 
than 500 nm, we see an upturn in scattering intensity that corresponds to a fractal 
structure with a fractal dimension of 2.2. Contrast matching the silica, we use small 
angle neutron scattering to measure the correlation length of the polystyrene chains. 
We find that the polymer coils adopt a Gaussian configuration with a correlation length 
of 4 nm that agrees with polymer scaling laws. In the presence of particles, the 
measured correlation length decreases according to the increase in excluded volume. 
After determining the particle and polymer structure, we use dynamic scattering 
methods to independently quantify the dynamics of polymers and particles. We show 
that the polymer chains move according to the Zimm model in which individual repeat 
units are hydrodynamically coupled over length scales smaller than the correlation 
length. In the presence of the particles, the measured polymer dynamics are 
unchanged; the polymer chains do not hydrodynamically couple to the particle. We find 
that the nanoparticle dynamics are subdiffusive with stretched exponential decays and 
with relaxation rates that scale as Q3. The subdiffusive dynamics derive from a coupling 
between the particle dynamics and the polymer relaxations over the particle surface. 
Over the interparticle distance length scale, we find that the particle dynamics are 
suppressed and inversely correlated to the structure factor, as observed previously for 
colloidal suspensions. Notably, the de Gennes narrowing of the particle dynamics 
persists despite the coupling of particle and polymer dynamics on shorter length scales 
and subdiffusive particle dynamics. The ability to selectively characterize the dynamics 
and structure of specific components in complex fluids will lead to significantly improved 
control over the properties of composite materials and the transport properties of 
particles through complex environments. 
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Nanoparticles assemblies within cellulose fiber matrices: Structure and 
interactions 

Vikram Singh Raghuwanshi1, vikram.raghuwanshi@moansh.edu, Uthpala 
Garusinghe1, Chris Garvey2, Warren Batchelor1, Gil Garnier1. (1) Chemical Engineering, 
Monash University, Melbourne, Victoria, Australia (2) Australian Nuclear Science and 
Technology Organization, Sydney, New South Wales, Australia  

Cellulose is the most abundant polymer on earth and an excellent source of raw 
material for biocompatible and eco-friendly products[1-3]. Cellulose nanofibres are 
widely available low-cost organic materials with unique properties such as high opacity, 
low thermal expansion, high stiffness, high strength and flexibility. Polymers such as 
nanocellulose take the role of a semi-continuous or connecting phase to bridge and link 
nanoparticles (NPs) to provide a new structure with voids, in which the change in 
porosity and pore structure relies on NPs. Here, the effect of cationic polyacrylamide 
(CPAM) addition on the structural assembly of silica NPs within cellulose fibre matrix 



are investigated. Cationic polyelectrolyte was used for surface coverage of NPs to give 
maximum coagulation rate. Polyelectrolytes help NPs to be retained in the cellulose 
fibre network. SAXS and TEM investigation were made on samples with different 
dosage of CPAM and different loadings of NPs of variable diameters in the cellulose 
matrix. Data analysis reveals that higher CPAM dosage retains more NPs as assembled 
structures within the nanocellulose matrix and produces composites with smaller pores. 
Further data analysis allow to systematically quantifying the effect of the NPs on the 
composite structure and properties, studying how different NPs interact with the 
cellulose matrix, determine nanofibre structure and binding, NP size selection and 
binding/agglomeration, self-assembly and void fraction. Understanding the effect of 
polyelectrolyte dosage on the various NPs and composite structural conformations 
enables us to engineer hierarchically novel and functional cellulose based structured 
materials of unique properties. 
 
[1] J. Kim et al, Macromolecules, 39 (2006) 4202-4206. 
[2] R.A.Vaia et al, MRS bulletin, 26 (2001) 394-401. 
[3] M.Sanchez-Garcia et al, Carbohydrate Polymers, 71 (2008) 235-244. 
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Plasmonics-enabled single-molecule and temperature detection 

Somin Eunice Lee1,2, sleee@umich.edu. (1) Electrical & Computer Engineering, 
University of Michigan, Ann Arbor, Michigan, United States (2) Biomedical Engineering, 
University of Michigan, Ann Arbor, Michigan, United States  

Intracellular temperatures dynamically change during cell activities such as division, 
gene expression and protein activity. We present a plasmonics approach for the 
detection of single molecules in conjunction with temperature. Plasmon rulers, 
consisting of pairs of gold nanoparticles, have recently enabled dynamic detection of 
single molecule activity without photobleaching or blinking. Here, we present a 
reversible plasmon ruler - comprised of coupled gold nanoparticles linked by a DNA 
aptamer - capable of binding individual target matrix metalloproteinase molecules with 
high specificity. We show in vitro and in cultures of mammary epithelia that the binding 
of the DNA aptamer to target matrix metalloproteinases is characterized by single-
molecule sensitivity, high specificity and reversibility, allowing for the parallel detection 
of temperatures and secreted single molecules in their native microenvironment. 
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Ultrabright fluorescent mesoporous silica nanoparticles as nanothermometers 

Vivekanand Kalaparthi1, vivekanand.kalaparthi@tufts.edu, Shajesh Palantavida2, 
Maxim Dokukin3, Igor Sokolov1,4. (1) Mechanical Engineering, Tufts University, Medford, 
Massachusetts, United States (2) Suite 2600, Tufts University, Medford, Massachusetts, 



United States (4) Department of Physics and Biomedical Engineering, Tufts University, 
Medford, Massachusetts, United States  

 
Fluorescence nanothermometry involving colloidal nanoparticles has the advantage of 
remotely measuring temperature at the nanoscale. Because of their small size, they can 
be used to study cellular thermogenesis, monitor temperature in clinically implemented 
thermal ablation procedures, microfluidics, and in nanoelectronic devices. Recently, we 
have shown that mesoporous silica nanoparticles can be self-assembled with 
fluorescent dye encapsulated in tens of millimolar concentrations without any leakage. 
The encapsulated dye showed little loss in quantum yield resulting in ultrabright 
particles. The high concentration of dyes inside the particles should allow Forster 
Resonance Energy Transfer to occur with high efficiency. Here we present a novel 
ratiometric- nano temperature sensor which exploits this efficient energy transfer. Two 
rhodamine dyes, rhodamine 6G and rhodamine B is encapsulated inside the 
mesoporous channels of silica nanoparticles of ~40 nm. Rhodamine 6G/Rhodamine B 
forms a donor/acceptor FRET pair and also a temperature non-responsive/responsive 
pair. This results in ratiometric temperature sensing and further allows excitation of the 
sensor with a single wavelength. With these nanosensors, we can measure temperature 
in solution in the range 20-50o C with temperature accuracy achievable down to 0.4o C. 
Being ratiometric the presented nanosensors have the advantages that sensing is 
independent of probe concentration, focusing during imaging or fluctuations in the 
intensity of light sources. 
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Narrow absorption wavelength organic NIR nanoparticles enable multiplexed 
photoacoustic imaging 

Robert K. Prudhomme, prudhomm@princeton.edu. Dept. of Chemical Biological 
Engineering, Princeton University, Princeton, New Jersey, United States  

Photoacoustic (PA) imaging is an emerging hybrid optical-ultrasound based imaging 
technique that can be used to visualize optical absorbers in deep tissue. Free organic 
dyes can be used as PA contrast agents to concurrently provide additional physiological 
and molecular information during imaging, but their use in vivo is generally limited by 
rapid renal clearance for soluble dyes and by the difficulty of delivery for hydrophobic 
dyes. We here report the use of the block-copolymer directed self-assembly process, 
Flash NanoPrecipitation (FNP), to form series of highly-hydrophobic optical dyes into 
stable, biocompatible, and water-dispersible nanoparticles (NPs) with sizes from 38-88 
nm with polyethylene glycol (PEG) surface coatings suitable for in vivo use. PA activity 
is introduced by the incorporation of dyes with narrow absorption bands and maxima at 
788, 830 and 900 nm g. The hydrophobicity of the dyes allows their sequestration in the 
NP cores, so that they do not interfere with targeting, and high loadings of >75 wt% dye 
are achieved. The optical extinction coefficients (e(mLmg-1cm-1) were essentially 
invariant to the loading of the dye in NP core. Co-encapsulation of dye with VitE or PS 



demonstrate the ability to simultaneously image and deliver a second agent. The PEG 
chains on the NP surface were functionalized with folate to demonstrate folate-
dependent targeting. The spectral separation of different dyes among different sets of 
particles enables multiplexed imaging, such as the simultaneous imaging of two sets of 
particles within the same animal. We provide the first demonstration of this capability by 
simultaneously imaging nontargeted and folate-targeted nanoparticles within the same 
animal. These results highlight ability of Flash NanoPrecipitation as a platform to 
develop new photoacoustic diagnostic capabilities. 
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Keynote Lecture: Complex fluids with hierarchical dynamics and critical gelation 
in thermoreversible suspensions 

Xiaojun Di, Chinedum O. Osuji, chinedum.osuji@yale.edu. Yale Dept Chemical 
Engineering, New Haven, Connecticut, United States  

We explore two classes of complex fluids in which rheology is manipulated by using 
temperature to control effective particle stiffness, and inter-particle interactions, 
separately. In the first case, we explore the notion of designing complex fluids with 
hierarchical dynamics by using temperature to control the internal rheology of the 
dispersed phase, independent of the volume fraction and inter-particle attraction. We 
demonstrate a novel emulsion in which worm-like micelles (WLMs) of ionic surfactants 
in water are emulsified in a stable manner within a continuous phase composed of a 
silicone fluid. The WLMs display Maxwell behavior with a well-identified thermally 
activated relaxation process. While the elastic modulus of the emulsions shows strong 
temperature dependence at a given volume fraction, the volume fraction scaling is 
largely independent of temperature. This suggests that droplet-droplet interactions are 
effectively unchanged by temperature and that contributions from the Laplace pressure 
of the droplets, even stiff droplets, dominate contributions due to the modulus of the 
aqueous WLM phase itself, at the timescales considered. Stress relaxation occurs via a 
stretched-exponential truncation of a power-law decay. While the power-law process is 
dependent largely on volume fraction, the exponential cut-off is both volume-fraction 
and temperature dependent suggesting that it originates due to the thermally activated 
relaxation of the WLMs. We discuss the potential to design complex fluids with 
hierarchical dynamics based on this and similar approaches. 
 
In the second case, we examine a thermoreversible colloidal gel. We consider the 
evolution of stable suspensions into colloidal gels and their transition through critical gel 
states. The scaling exponents describing the approach to the critical state are captured 
through a systematic set of time- and frequency-resolved measurements, revealing 
strong similarities to the critical behavior of many commonly studied polymer gels. 
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Hardening and yielding of colloidal gels 

Mehdi Bouzid, mb1853@georgetown.edu, Emanuela Del Gado. Physics, Georgetown 
university, Washington DC, District of Columbia, United States  

 
Attractive colloidal gel networks are disordered elastic solids that can form even in 
extremely dilute particle suspensions. With interaction strengths comparable to the 
thermal energy, their stress-bearing network can locally restructure via breaking and 
reforming inter-particle bonds. We use molecular dynamics simulations of a model 
system to investigate the strain hardening and the yielding process. During shear start 
up protocol, the system exhibits strong localization of tensile stresses that may be 
released through the breaking and formation of new bonds. In this regime, the small 
amplitude oscillatory shear analysis shows that the storage and the loss modulus follow 
a power law behavior that are closely reminiscent of experimental observations. At large 
accumulated strains, the strain-induced reorganization of the gel may trigger flow 
heterogeneities and eventually lead to the yielding of the gel via a quasi brittle damage 
of its structure. 
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Microstructural response of the colloidal gel to shear flow 

Farzaneh Taslimi, ftaslimi@uci.edu, Ali Mohraz. Department of Chemical Engineering 
and Materials Science, University of California, Irvine, Irvine, California, United States  



Colloidal gels, which are amorphous networks of dynamically arrested colloidal particles 
in a fluidic medium, can exhibit rich rheological behavior including solid-like 
viscoelasticity or creep, yielding, and flow in response to an external force field. 
Understanding the microstructural origins of these phenomena, especially yielding and 
flow, is important for a wide range of technological applications that heavily utilize 
colloidal gels such as flow batteries and direct-write assembly, to name a few. Here we 
investigate the transient microstructural response of dilute colloidal gels to shear 
deformation using non-equilibrium mesoscale simulations in the absence of 
hydrodynamic interactions. The colloids are suspended in a polymeric solution with 
radius of gyration less than 10 percent of the particle radius, resulting in a short-range 
Depletion (Asakura-Oosawa) potential with tunable attraction strength through the 
polymer number density. We combine molecular dynamics (MD) simulations for the 
colloids and random multi-particle collision dynamics (random-MPC) to maintain a 
constant temperature at each simulation step, which, under quiescent conditions, leads 
to the formation of gel-like structures even in dilute systems . The microstructural 
evolution of the gels in startup of steady shear is investigated over a range of shear 
rates. We observe the emergence of anisotropic structures and stress overshoots in 
response to shear deformation, which are in accord with experiments reported 
previously for depletion and charge-screened systems. At sufficiently large shear rates 
(Pe>0.1), the three dimensional gel-like structure is able to continuously deform and 
unravel into long single chains aligned along the shear flow direction, whereas lower 
shear rates (Pe<0.1) only result in a small, temporary deformation and slightly 
orientation of the structure along to the shear direction. The findings support the notion 
of singly-connected junctions serving as soft pivot points along the backbone of colloidal 
gels. By systematically studying and discussing the effects of interparticle attraction 
strength and shear rate on the observed behavior, we aim to provide a more complete 
picture of the microstructural events that accompany yielding and flow in colloidal gels. 
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Yielding and recovery of thermoresponsive nanoemulsion gels 

Lilian C. Hsiao, lilian.hsiao@gmail.com, Patrick S. Doyle. Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

Thermoresponsive nanoemulsions of oil/water droplets suspended in a continuous 
phase of sodium dodecyl sulfate (SDS) and poly(ethylene glycol) diacrylate (PEGDA) 
form colloidal gels at high temperatures due to interdroplet bridging. This process is 
mediated by the enhanced solubility of PEG-based moieties with difunctional 
hydrophobic end groups. The attraction strength imparted by this bridging phenomenon 
gives rise to a yield stress that depends on microstructure and dynamics, which in turn 
are controlled by the temperature and volume fraction of the nanoemulsions. Here, we 
systematically investigate changes in the viscoelasticity of the gel using steady and 
oscillatory shear measurements performed far beyond the yield strain, and observe the 
relaxation of internal stresses upon flow cessation. These measurements from bulk 
rheology are then connected to the microstructure obtained from confocal microscopy 



experiments to probe the microscopic origin of yielding and recovery in 
thermoresponsive gels. 
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Microstructure, rheology and heterogeneity in thixotropic elasto-visco-plastic 
(TEVP) fluids 

Safa Jamali1, sjamali@mit.edu, Gareth McKinley2, Robert C. Armstrong3. (1) Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States (2) Mechanical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

A wide range of complex and structured fluids including colloidal gels, nano emulsions, 
micellar solutions and crude oils can be identified as Thixotropic Elasto-Visco-Plastic 
(TEVP) materials. TEVPs, show a rich and complex set of rheological responses to 
imposed deformations in different regimes: below the yield stress, the microstructural 
network formed by individual particles remains intact and resists large deformations and 
acts as a viscoelastic solid. By increasing the loads above the yielding point, the 
material starts to flow and undergoes plastic deformation over a wide range of length 
scales. Plastic flow results in a viscous-like response; however, due to constant 
formation and breakage of interparticle bonds, thixotropic behavior begins to emerge. 
Continuum-level descriptions of TEVP fluids resort to describing such responses using 
ad hoc evolution equations for one or more scalar measures of this microstructural 
complexity. Although essential for defining the rheological response of any thixotropic 
fluid, these internal model parameters do not commonly correlate to specific physical 
processes in the fluid. In this work we employ a mesoscale numerical simulation method 
that captures a canonical anisotropic and weakly attractive material microstructure in 
order to firstly reproduce characteristic rheological features of a TEVP fluid under flow, 
and secondly identify the sequence of microstructural changes that give rise to these 
macroscopic features. 
In order to correlate the microstructural changes of a TEVP fluid to its rheological 
response, we define a fabric tensor formed by an ensemble average of the spatial 
configuration of particle-particle bonds. The trace of this tensor gives the average 
number of bonds/links or the coordination number of the microstructure. The off-
diagonal components of Z correspond to the average preferred orientation of particle 
bonds with respect to different directions, and the deviatoric normal components give 
insight with regards to structural anisotropies that develop in the sheared fluid. In this 
work we will show that the fabric tensor provides a quantitative microstructural measure 
of the system and correlates to the macroscopic stress response in a TEVP fluid in both 
steady and transient states. The evolution in the components of Z with strain provides 
quantitative insight on the flow instabilities and secondary structures that develop in the 
sheared microstructure. 
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Study of mechanical properties and memory formation in transparent filled 
rubber 

Zach Gault2, zach.gault@gmail.com, Zsolt Terdik2, David Weitz1. (1) Dept of Physics 
Pierce Hall, Harvard Univ, Cambridge, Massachusetts, United States (2) Applied 
Physics, Harvard University, Cambridge, Massachusetts, United States  

Filled rubbers are a disordered composite consisting of a fractal particle filler 
subnetwork within a polymer background. Such materials can undergo large 
deformations, yet exhibit a ubiquitous peak in loss modulus, occurring at low strains of 
only a few percent. The position of this loss peak in strain decreases with increased 
filler loading, a phenomena known as the Payne Effect. We use rheology and confocal 
microscopy to study the physical origin of this loss peak in a transparent filled rubber. In 
particular, we demonstrate the ability to impart memory by applying a repeated 
oscillation at a constant strain. This perturbation creates a dip in the loss modulus at the 
given strain, which we attribute to a restructuring of the filler subnetwork. By using 
confocal microscopy to observe tracer particles dispersed in the transparent rubber, we 
aim to probe the structural rearrangements of the filler network that coincide with the 
changes in the loss modulus. 
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Origin of viscoelasticity in colloidal suspensions: A mechanistic investigation 

Wei-Ren Chen1, chenw@ornl.gov, Takeshi Egami2, Lionel Porcar3, Yangyang Wang1, 
Takuya Iwashita2, Zhe Wang1, William Hamilton1, Yun Liu4. (1) Oak Ridge National 
laboratory, Oak Ridge, Tennessee, United States (2) Department of Materials Science 



and Engineering and Department of Physics and Astronomy, University Of Tennessee, 
Knoxville, Tennessee, United States (3) Institut Laue-Langevin, Grenoble, France (4) 
NIST, Gaithersburg, Maryland, United States  

Flowing colloidal suspensions, such as blood and milk, are of crucial importance in our 
life as well as in a wide variety of industrial applications. However, elucidating their 
widely varying viscoelastic properties at a microscopic level remains a challenge. In 
particular the role of particle interaction has not been well-understood. Using neutron 
scattering complemented by computer simulation and rheological measurement, we 
demonstrate that the rate-dependent flow behavior of a charge-stabilized colloidal 
suspension is a consequence of localized elastic response generated by particle 
interaction. The body of colloids under shear behaves like an elastic solid in short 
distances but like fluid at long distances. The short-living elastic region, transient elastic 
zone, plays a crucial role in determining the observed rheological behaviors. Our 
findings shed new light on understanding the nature of nonlinear rheology of soft 
matters with strong interactions. 
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The impact of processing, structural history and formulation on the crystallization 
of block copolymer micelles with dispersed nanoparticles 

Melissa M. Dao, Lynn Walker, lwalker@andrew.cmu.edu. Carnegie Mellon Univ, 
Pittsburgh, Pennsylvania, United States  

At high concentrations, solvent-selective block copolymer molecules self-assemble into 
concentrated micellar solutions that form highly-ordered, nanostructured, soft solids. 
Solvent stable nanoparticles dispersed in these soft solids will sample the solvent-
swollen continuous structure providing a method to template, store, and define the 
environment of nanoparticulate material. Nanoparticulate material is dispersed into 
different block copolymer solutions (Pluronic®) that differ slightly in block length but not 
chemistry or architecture. These systems go through both order-disorder (ODT) 
transition and order-order (OOT) transitions with temperature. Since the systems are 
“soft” and solvent swollen, the structure is easily aligned with high amplitude oscillatory 
shear to generate a persistent crystal structure of micelles. We characterize the impact 
of added nanoparticles on the local micelle packing, flow mechanism, and overall 
structure of the soft solid. Small angle neutron scattering (SANS) with contrast variation 
and rheology are used to characterize the structure and mechanical behavior of the 
system. The details of the block copolymer system determine the impact of 
nanoparticles on the composite; in some cases, the local micellar packing is altered 
while, in other cases, only the polycrystallinity changes. The differences appear to be 
due to the properties of the micellar objects formed, the stiffness of the micelle corona 
and possibly the rigidity of the micelle in the case of elongated structures. Added 
nanoparticles impact the local structure, shear alignment and polycrystallinity in a 
complicated way; important to the processing of nanocomposite materials. 
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Surfactant self-assembly in aqueous solutions: Modulation by polymers, 
cosolvents, and solutes 

Ankit Fajalia, Paschalis Alexandridis, Marina Tsianou, mtsianou@buffalo.edu. 
Department of Chemical and Biological Eng, UB-SUNY, Buffalo, New York, United 
States  

Surfactants are well-known to self-assemble in aqueous solution and on surfaces to 
form a variety of nanostructures with varying and tunable shape, dimensions, mobility, 
local polarity, local concentration, and reactivity. The surfactant self-assembly in water 
can be modulated by added organic solvents and/or solutes, depending on the 
concentration and type of the additives and their corresponding interactions with the 
surfactant. In addition to fundamental considerations regarding such intermolecular and 
inter-assembly interactions, our research in surfactant-self-assembly modulation by 
additives is motivated also by practical applications where surfactants are typically one 
of several different components found in a formulation. In this presentation we review 
recently-published results from our research groups on micelle structure and 
interactions in aqueous solutions of the common surfactant sodium dodecyl sulfate 
(SDS) as affected by polar organic solvents, polymers (poly(ethylene oxide), cellulose 
ethers) [1], or solutes (cyclodextrins) [2,3]. The SDS systems are compared to those 
formulated with sodium bis(2-ethylhexyl) sulfosuccinate (known as AOT or DOSS) [4] or 
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (Pluronic or Poloxamer) 
[5,6] amphiphiles. Quantitative information, obtained from analysis of small-angle 
neutron scattering (SANS) data, on the location of the additives in the surfactant 
assembly reveals the interactions acting in such systems. Fundamental information on 
such interactions informs the formulation of multicomponent surfactant mixtures for a 
variety of practical applications. 
 
[1] Fajalia, A. I.; Tsianou, M. J. Phys. Chem. B 2014, 118, 10725-10739. DOI: 
10.1021/jp5023168 
[2] Tsianou, M.; Fajalia, A. I . Langmuir 2014, 30, 13754-13764. DOI: 
10.1021/la5013999 
[3] Fajalia, A. I.; Tsianou, M. Colloids Surf. A 2015, 480, 91-104. DOI: 
10.1016/j.colsurfa.2015.12.024 
[4] Fajalia, A. I.; Antoniou, E.; Alexandridis, P.; Tsianou, M. J. Mol. Liq. 2015, 210, 125-
135. DOI: 10.1016/j.molliq.2015.02.011 
[5] Kaizu, K.; Alexandridis, P. J. Mol. Liq. 2015, 210, 20-28. DOI: 
10.1016/j.molliq.2015.04.039 
[6] Kaizu, K.; Alexandridis, P. Colloids Surf. A 2015, 480, 203-213. DOI: 
10.1016/j.colsurfa.2014.10.06 
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Small angle neutron scattering studies on polymeric self-assembled system 



Changwoo Do, doc1@ornl.gov, Youngkyu Han. Oak Ridge National Laboratory, 
Farragut, Tennessee, United States  

Various nanostructure and nanoscale building blocks are being fabricated using soft-
materials targeting unique physical, chemical, and mechanical properties by controlling 
orientations, densities, or locations of constituting molecules via self-assembly. Small 
angle neutron scattering (SANS) combined with a unique leverage on the scattering 
contrast by isotope replacement can provide structural information on the self-
assembled ordered systems that is much more than just periodic length scales. For 
examples, lamellar structure of aqueous solution of block copolymers is generally 
considered to have alternating stacks of hydrophobic and hydrophilic layers. By 
changing the scattering contrast of the solvent, we reveal that there are sub-domain 
level structures that can fully explain the measured scattering profiles. The scattering 
contrast provided by the neutron and x-ray can also help identify self-assembled 
structures with conjugate polymers and block copolymers, which provides unique 
thermos-reversible conductive property. 
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In situ SAXS studies of diblock copolymer nanoparticles formed during 
polymerization-induced self-assembly in non-polar media 

Matthew Derry1, chp12md@sheffield.ac.uk, Lee A. Fielding1, Nicholas Warren1, 
Charlotte Mable1, Andrew Smith2, Oleksandr Mykhaylyk1, Steven P. Armes1. (1) 
Department of Chemistry, The University of Sheffield, Sheffield, United Kingdom (2) 
Diamond Light Source, Didcot, United Kingdom  

Reversible addition-fragmentation chain transfer (RAFT) dispersion polymerization of 
benzyl methacrylate is utilized to prepare poly(stearyl methacrylate)-poly(benzyl 
methacrylate) (S-B) diblock copolymer nano-objects in mineral oil. Polymerization-
induced self-assembly (PISA) occurs under these conditions. Spheres, worms or 
vesicles are obtained when using a relatively short S13 macromolecular chain transfer 
agent (macro-CTA), whereas only kinetically-trapped spheres are accessible when 
using longer macro-CTAs (S18 or S31). SAXS is used to monitor the morphological 
transitions during the PISA syntheses. This enables the evolution of particle diameter, 
aggregation number and packing density of copolymer chains to be monitored when 
targeting S31-B2000 spheres (Fig. 1). A combination of DLS, TEM and both in situ and 
post mortem SAXS studies indicate that the S13-Bx vesicle membrane thickness (Tm) 
increases with increasing PBzMA mean degree of polymerization (DP), while the overall 
vesicle dimensions remain constant. Thus the vesicles grow inwards until ill-defined 
colloidally unstable aggregates are formed and so-called vesicle 'death' occurs (Fig. 2), 
as recently reported for an aqueous PISA formulation [1]. 
 
[1] N. J. Warren, O. O. Mykhaylyk, S. P. Armes et al., J. Am. Chem. Soc., 2015, 137, 
1929-1937. 



 

 
 
Fig. 1 SAXS patterns obtained in situ during the PISA synthesis of S31B2000 diblock copolymer 
spheres at 90 °C in mineral oil at 10% w/w solids. 

 
 
Fig. 2 Schematic representation of inward vesicle growth until vesicle 'death' occurs. 
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Cationic and reactive primary amine-stabilized nanoparticles by RAFT aqueous 
dispersion polymerization 

Mark Williams1, m.s.williams@sheffield.ac.uk, Nicholas Penfold3, Steven P. Armes2. 
(1) F3, Department of Chemistry, Sheffield University, Sheffield, United Kingdom (2) 



Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (3) Dept of Chemistry-F2, 
Dainton Bldg, University of Sheffield, Sheffield South Yorkshire, United Kingdom  

The synthesis of primary amine-functionalized diblock copolymer nanoparticles via 
polymerization-induced self-assembly (PISA) using a RAFT aqueous dispersion 
polymerization formulation is reported. The primary amine steric stabilizer is a 
macromolecular chain transfer agent (macro-CTA) based on 2-aminoethyl methacrylate 
AMA, which can be readily polymerized in its hydrochloride salt form with good control 
(Mw / Mn < 1.30) using RAFT aqueous solution polymerization. Subsequent chain 
extension of this macro-CTA with 2-hydroxypropyl methacrylate (HPMA) leads to the 
formation of relatively monodisperse spherical nanoparticles (68 to 288 nm) at pH 6. 
However, worms or vesicles could not be obtained, because strong lateral repulsion 
between the highly cationic PAMA stabiliser chains impedes the formation of these 
higher order copolymer morphologies. Deprotonation of the primary amine stabilizer 
chains at or above pH 9 results in flocculation of these spherical nanoparticles as the 
PAMA block becomes uncharged. Diblock copolymer spheres, worms or vesicles can 
be synthesized that remain stable at pH 9 by supplementing the PAMA macro-CTA with 
a poly(glycerol monomethacrylate) (PGMA) macro-CTA since this non-ionic block 
confers effective steric stabilization in alkaline media. A series of diblock copolymer 
nanoparticles with the general formula ([1-n] PGMAx + n PAMAy)–PHPMAz can be 
synthesised by optimizing: (i) the mean degree of polymerization (DP) of the PGMA 
block (x), (ii) the proportion of this non-ionic block relative to the cationic PAMA block, 
(iii) the PHPMA core-forming DP (z); (iv) the mol fraction of the PAMA stabilizer (n); and 
(v) the copolymer concentration. These spheres, worms and vesicles are both cationic 
at low pH and stable at high pH. Furthermore, deprotonation of the primary amine 
groups on the PAMA stabilizer chains at high pH renders these particles susceptible to 
conjugation. This is demonstrated by the reaction between the primary amine groups on 
(0.8 PGMA101 + 0.2 PAMA96)–PHPMA1000 diblock copolymer spheres, and epoxide-
functionalized nanoparticles in aqueous solution at pH 8. 
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Designing viscosity modifiers for supercritical CO2 microemulsions 

Julian Eastoe, Jocelyn A. Peach, jocelyn.peach@bristol.ac.uk. School of Chemistry, 
University of Bristol, Bristol, United Kingdom  

Nowadays there is a spotlight on environmental sustainability and renewability. 
Considering this, supercritical CO2 (scCO2) holds potential as a green solvent and also 
in enhanced oil recovery and carbon capture processes, due to its low toxicity and cost. 
Regrettably, scCO2 exhibits poor solvency and low viscosity; efforts have been made 
previously to tackle these issues with mixed results. This research focuses on the 
development of viscosity modifiers in water-in-scCO2 (w/c) and proxy water-in-oil (w/o) 
microemulsion (μE) systems. Viscosity increase can be driven through elongation of 
spherical reversed micelles to form ellipsoidal and rod-like reversed micelles. There has 
been success in the elongation of reverse micelles in scCO2 through combining 
hydrotropic additives and partially fluorinated surfactants that have a CO2-philic 
properties; here these results are being presented, along with the predicted impact on 
system viscosity, mapped against results from previously published systems (fig.1). By 
combining these results and literature data, a ‘hit list’ of the ideal properties needed for 
viscosifiers in scCO2 can be formed. Also reported are results where the principles of 
the formation of surfactant based organogels have been applied to CO2-philic systems 
(fig.2). 

 

 
 
Impacts of micellar length and aspect ratio on relative viscosity of w/c µE systems. 



 
 
Impacts of temperature on the structures of surfactant based organogels. 
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Electric field alignment of conjugated polymers 

Yuyin Xi2, xiyuyin@uw.edu, Lilo D. Pozzo1. (1) Univ of Washington, Seattle, 
Washington, United States (2) Chemical Engineering, University of Washington, Seattle, 
Washington, United States  

Anisotropic structure of conjugated polymers is desirable to facilitate charge transport in 
specific directions for organic electronics. Electric field alignment is a promising method 
that could be economical, scalable and easily tunable. In this work, poly(3-
hexylthiophene) (P3HT) was used as a model system to investigate the effect of applied 
electric field, including amplitude and magnitude, and supersaturation, by tuning solvent 
quality as well as solute concentration, on the degree of alignment. With optical 
microscopy and small angle neutron scattering (SANS) measurements, alignment over 
both micro- and nano-meter ranges was demonstrated and the optimum condition for 
alignment was also determined. Time resolved small angle neutron scattering (TR-
SANS) was also used to evaluate structural changes as a function of time. The 
mechanism of alignment is the result of dielectrophoresis and a dynamic self-assembly 
process. Dielectric spectroscopy measurements and in-situ rheology measurements 
were used to probe the electrical and mechanical properties. By aligning polymers at 
the optimum condition, both types of properties were enhanced. Electric field alignment 
method was also evaluated on other types of conjugated polymers. The effect of side 



chain and backbone structure on polymer alignment was also revealed. The 
understanding of how molecular structure affects alignment could lead to the design of 
polymers that will result in well-controlled unidirectional structures for new types of 
organic electronic devices (e.g. OPVs, OLEDs and OFETs). 
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Keynote Lecture: Design of single atom metal catalysts on various supports 

Maria Flytzani-Stephanopoulos, mflytzan@tufts.edu, Ming Yang, Jilei Liu, Chongyang 
Wang, Junjun Shan. Chemical and Biological Engineering, Tufts University, Medford, 
Massachusetts, United States  

Identification of the active catalytic site and design of catalysts with 100% atomic 
efficiency has been a long-standing goal in heterogeneous catalysis. Atomically 
dispersed supported metal catalysts offer new prospects for low-cost fuel processing 
and green chemicals production (Annu. Rev. Chem. Biomol. Eng. 2012, 3). In this 
presentation, metal catalysts prepared as single atoms/cations on various supports will 
be reviewed drawing examples from a variety of reactions, including the low-
temperature water-gas shift reactions (Science 2014, 346, 1498; J. Am. Chem. Soc. 
2015, 137, 3470), methanol steam reforming, and several selective hydrogenation and 
dehydrogenation reactions (Science 2012, 335, 1209; Nat. Commun. 2015, 6, 8550 ). 
We will demonstrate how reaction mechanisms involving single metal atoms/cations, 
transcend support structure and composition as long as the metal atom-centered active 
site is allowed to form stably. Novel synthesis methods will be discussed as will be the 
stability of atomically dispersed catalysts in various reaction environments. Ample scope 
for novel catalyst design aimed at more efficient and sustainable chemical processes 
has emerged from these studies. 
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Au-CO complex formation and migration at uncoordinated Au sites 

Monica L. McEntee1, mlm4gf@virginia.edu, Jun Wang3, Wenjie Tang2, Matthew 
Neurock2, Arthur Baddorf3, Petro Maksymovych3, John T. Yates1. (1) Department of 
Chemistry, University of Virginia, Charlottesville, Virginia, United States (2) Dept of 
Chemical Engineering, University of Virginia, Charlottesville, Virginia, United States (3) 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States  

Design for more active, stable and selective catalysts requires understanding the 
mechanisms that control charge transfer and the activation of molecules and complexes 
at specific surface sites. Here I report on the nature of low coordinated Au sites (likely to 
be on Au nanoparticles) by creating nano-pits on a Au (111) single crystal surface using 
scanning tunneling microscopy (STM). Upon CO adsorption at room temperature, Au 
atoms are extracted from dislocation sites of the herringbone reconstruction to form Au-
CO complexes. These complexes migrate and form Au clusters on elbows and edges of 



the Au surface. In conjunction with STM, transmission infrared (IR) spectroscopy and 
density functional theory (DFT) techniques were used to understand this new 
mechanistic motif. The mechanism for the Au atom extraction likely involves electron 
transfer from CO to Au forming a positive charge on CO that creates stronger bonding 
with Au atoms of lower coordination number. Catalysts involving Au nanoparticles with 
an abundance of low coordinated Au sites possibly exhibit similar properties and these 
processes should be explored in the future. 
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Depositing nanostructures using electron beams: Insights from surface science 

Howard Fairbrother1, howardf@jhu.edu, Lisa McElwee-White2, Yung-Chien Wu2, Mike 
Barclay1, Julie Spencer1. (1) Department of Chemistry, Johns Hopkins University, 
Baltimore, Maryland, United States (2) Department of Chemistry, University of Florida, 
Gainesville, Florida, United States  

Focused electron beam induced deposition (FEBID) is an increasingly popular 
nanofabrication technique, capable of creating a wide variety of size and shape selected 
metal-containing nanostructures using organometallic precursors, with applications in 
catalysis, plasmonics and mask repair for example. The need to develop organometallic 
precursors specifically for FEBID that can create deposits with higher metal contents 
than are current possible with existing chemical vapor deposition (CVD) precursors has 
provided the motivation for a number of surface science studies, which I will summarize 
in this presentation. 
UHV surface science experiments have shown that the electron-stimulated reactions of 
the adsorbed precursor during the FEBID process can be broken down into two 
sequential steps. In the first step, the electron induced deposition of surface bound 
organometallic precursor’s proceeds through desorption of one or more of the ligands 
present in the parent compound. In situations where there are different types of ligands 



attached to the central metal atom, certain ligands (e.g. CO) appear to be “preferred” 
leaving groups. Following the initial deposition step, however, subsequent electron-
stimulated reactions of the remaining ligands typically lead to ligand decomposition and 
it is this second step that is responsible for most of the organic contamination in EBID 
nanostructures. For example, in the case of metal carbonyls this leads to the overall 
sequence of reactions: 
M(CO)x(ads) + e- → M(CO)x-y(ads) + yCO(g)↑ – deposition step (CO desorption) – Step 
1 
M(CO)x-y(ads) + e- → MO(ads) + C(ads) – decomposition of residual CO ligands – Step 
2 
One notable exception to the ligand decomposition step involves metal-halogen bonds 
which are susceptible to electron-stimulated halide ion desorption, 
M-Z(ads) + e- → M(ads) + Z-(g)↑ (Z = halogen; F, Br, Cl) 
Thus, halogen atoms directly attached to the central metal atom in organometallic 
complexes can be scrubbed by electron processing. Based on this information we have 
evaluated the potential of Pt(CO)2Cl2 to serve as FEBID precursor. Results from these 
studies have shown that CO groups are ejected during the initial deposition step and 
that halogen atoms can subsequently be removed by post-deposition electron beam 
processing, providing a potential route to create pure Pt nanostructures using FEBID. 
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In situ/operando studies of adsorption of chemical warfare agents and simulants 
on emerging POM and MOF materials 

Wesley O. Gordon2, wegordon@vt.edu, Alex Balboa2, John R. Morris3, Anatoly 
Frenkel4, Craig L. Hill1, Christopher J. Karwacki2. (1) 2040-003-1AA, ECAS Chemistry, 
Emory University, Atlanta, Georgia, United States (2) US Army, Edgewood Chemical 
Biological Center, Churchville, Maryland, United States (3) Virginia Tech, Blacksburg, 
Virginia, United States (4) Physics, Yeshiva University, New York, New York, United 
States  

Polyoxometalates (POMs) and Metal Organic Frameworks (MOFs) represent two 
classes of materials that have potential use for sorption a mitigation of environmental 
contaminants, including chemical warfare agents (CWAs). We will present recent in 
situ/operando studies of the adsorption and reaction of CWAs and their simulants on 
POM and MOF materials; ranging from well-studied UiO-class MOFs to a novel 1-D 
polymeric POM. We will focus on environmental Diffuse Reflectance Infrared Fourier 
Transform Spectrocopy (DRIFTS), the use of theoretical gas-phase vibrational 
spectroscopy to interpret DRIFTS results, and synchrotron based methods. These data 
could help illustrate chemistries that occur on these emerging surfaces, and direct future 
development of more effective materials. 

CSSS 340 



LaMer Keynote Lecture: Using ultrafast soft X-ray spectroscopy and nano-
patterned surfaces to understand interfacial charge transfer in catalytic systems 

L. Robert Baker, baker.2364@osu.edu. Chemistry and Biochemistry, The Ohio State 
University, Columbus, Ohio, United States  

Understanding how electronic structure of interfaces mediates charge transfer is a 
frontier challenge for surface and colloid science. Toward the goal of observing 
interfacial charge transfer in real-time with chemical state resolution, we have 
constructed a tabletop, ultrafast, soft x-ray light source. Pump-probe transient x-ray 
absorption spectroscopy has demonstrated the ability of this light source to follow 
ultrafast carrier dynamics with in metal oxide semiconductors with femtosecond time 
resolution. This method is currently enabling the study of charge carrier dynamics in 
metal oxide photo-electrocatalysts that exhibit high selectivity for CO2 reduction. Results 
of early studies show that electronic states at the solid–liquid interface control the 
relaxation lifetime of excited carriers, highlighting the role of interface states to mediate 
carrier dynamics in catalytic systems. In the near future, this light source promises to 
extend second order nonlinear spectroscopy to the soft x-ray spectral region for surface 
sensitive electronic structure measurements at working solid–liquid and solid–solid 
interfaces. Another mechanism of interfacial charge transfer that is under investigation 
is the surface diffusion of reactive intermediates across phase boundaries in bifunctional 
catalysts. By systematically controlling the coverage of size- and shape-controlled CeO2 
nanoparticles on a Pt surface, we demonstrate that selective C=O bond hydrogenation 
extends well beyond the 3-phase boundary at the Pt–CeO2 interface in these systems. 
We consider the possibility that this length scale corresponds to the mean free path for 
diffusion of an electronically activated molecule from CeO2 on the Pt surface. 
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Keynote Lecture: Measuring structure of confined water between two hydrophilic 
surfaces 

Ali N. Dhinojwala, ali4@uakron.edu, Nishad Dhopatkar, Adrian Defante. Univ of Akron, 
Akron, Ohio, United States  

A commonality in the aggregation of lipids into bilayers, protein folding, mucin 
lubricating the gastrointestinal tract, and gecko adhesion is that the nature of interfacial 
water dictates the contact and friction at different length scales. Despite sophisticated 
inferences about the state of confined water being different than that of liquid water, the 
molecular cause of such discrepancy is often undetermined. In my talk, I will present our 
recent results using surface-sensitive sum frequency generation spectroscopy of water 
confined between two charged surfaces, formed by the adsorption of a cationic 
surfactant on hydrophobic surfaces. Correlating interface-selective spectroscopy with 
hydration forces, and their macroscopic manifestation on adhesion and friction requires 
us to reconsider how we understand water under confinement and its significance in 



more complicated interfacial processes prevalent in biology, chemistry, and 
engineering. 
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Dynamic levitation of droplet on lubricated surfaces 

Dan Daniel, daniel@fas.harvard.edu, Jaakko Timonen, Joanna Aizenberg. Harvard 
University, Cambridge, Massachusetts, United States  

The ability to create surfaces with extreme repellency for a wide variety of liquids has 
broad technological implications in areas ranging from fuel transport, drag reduction to 
anti-icing, anti-fouling applications. Recently, there has been much interest in using 
lubricated surfaces to achieve this. By infusing nano-/micro-structured surfaces with a 
suitable liquid lubricant, any foreign droplet immiscible with the underlying lubricant 
layer can then slide off at a small tilting angle < 2o. This extreme liquid-repellency 
behavior was attributed to a thin (sub-micron/micron), stable lubricant film sandwiched 
between the droplet and solid substrate, but this has not been observed experimentally. 
Here, using optical interferometry, we are able to visualize and rationalize the 
wetting/dewetting transition of this intercalated film for different material combinations 
for both flat and structured surfaces. We further demonstrate how a lubricant film that is 
unstable under static conditions can nevertheless be stabilized by moving the droplet at 
velocity > Ucrit . This is because lubricant flow can generate sufficient lift force to 
levitate the droplet over the solid substrate, akin to hydroplaning of tires on a wet road. 
We envision that the insights generated in this study will inform future work on the 
fundamentals of wetting and the design of lubricated surfaces. 
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Tunable superomniphobic surfaces for sorting droplets by surface tension 

Sanli Movafaghi1, sanli.movafaghi@colostate.edu, Wei Wang1, Ari Metzger1, Desiree 
D. Williams1, John D. Williams1, Arun K. Kota1,2. (1) Mechanical Engineering, Colorado 
State University, Fort Collins, Colorado, United States (2) School of Biomedical 
Engineering, Colorado State University, Fort Collins, Colorado, United States  

Manipulation of droplets on super-repellent surfaces (i.e., surfaces that are extremely 
repellent to liquids) has been widely studied because droplets exhibit high mobility on 
these surfaces due to the ultra-low adhesion, which leads to minimal sample loss and 
contamination. Although droplet manipulation has been demonstrated using electric 
fields, magnetic fields, guiding tracks and wettability gradients, to the best of our 
knowledge, there are no reports of droplet manipulation methods that can sort droplets 
by surface tension on super-repellent surfaces. In this work, we utilized tunable 
superomniphobic surfaces (i.e., surfaces that are extremely repellent to virtually all 
liquids) to develop a simple device with precisely tailored solid surface energy domains 
that, for the first time, can sort droplets by surface tension. Droplet sorting occurs on our 



device entirely due to a balance between the work done by gravitational force and the 
work expended due to adhesion (that depends on liquid surface tension), without the 
need for any external energy input. Our devices can be fabricated easily in a short time 
and each device can be reused many times to sort droplets by surface tension. Further, 
these devices can be readily used to estimate the surface tension of miscible liquid 
mixtures that in turn enables the estimation of mixture composition. This is particularly 
useful for in-the-field and on-the-go operations, where complex analysis equipment is 
unavailable. We envision that our methodology for droplet sorting will enable 
inexpensive and energy-efficient analytical devices for personalized point-of-care 
diagnostic platforms, lab-on-a-chip systems, biochemical assays and biosensors. 
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Hierarchical patterning of hydrogels by replica molding of impregnated breath 
figures leads to superoleophobicity 

Jaspreet S. Arora, jarora@tulane.edu, Joseph Cremaldi, Noshir Pesika, Vijay T. John. 
Chemical and Biomolecular Engineering, Tulane University, New Orleans, Louisiana, 
United States  

The wetting behavior of a surface depends on both its surface chemistry and the 
characteristics of surface morphology and topography. Adding structure to a flat 



hydrophobic or oleophobic surface increases the effective contact angle and thus the 
hydrophobicity or oleophobicity of the surface, as exemplified by the lotus leaf analogy. 
We describe a simple strategy to introduce micro-patterned roughness on surfaces of 
soft materials, utilizing the template of hexagonally packed pores of breath figures as 
molds. The generated inverse replicas represent micron scale patterned bead-like 
protrusions on hydrogel surfaces. This added roughness imparts superoleophobic 
properties (contact angle of the order of 150° and greater) to an inherently oleophobic 
flat hydrogel surface, when submerged. Additionally, modifying the breath figure 
technique, colloidal silica was deposited in the pores of breath figures and then the 
inverse replicas of these films were generated on pHEMA hydrogels. The hierarchical 
pattern in the form of hexagonal protrusions impregnated with silica nanoparticles, 
further enhanced the superoleophobicity of the hydrogel. The introduced pattern on the 
hydrogel surface changes morphology as it swells in water to resemble morphologies 
remarkably analogous to the compound eye. Analysis of the wetting behavior using the 
Cassie-Baxter approximation leads to estimation of the contact angle in the 
superoleophobic regime and in agreement with the experimental value 
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The role of dispersion interactions, electrostatics, and entropy in the interfacial 
behavior of MoS2 

Ananth Govind Rajan1, ananthgr@mit.edu, Vishnu Sresht1, Agilio Padua2, Michael 
Strano1, Daniel Blankschtein1. (1) Department of Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) Université Blaise 
Pascal, Aubière, France  



In recent years, two-dimensional (2D) transition metal dichalcogenides (TMDs) like 
molybdenum disulfide (MoS2) and tungsten disulfide (WS2) have received significant 
attention due to their interesting layer-number dependent optoelectronic, mechanical, 
and transport properties. The synthesis and applications of these materials in 
membranes, sensors, and microfluidic devices, involves an inevitable contact between 
these materials and various liquids. In this talk, we first present a theoretical framework 
to develop a molecular dynamics (MD) force field for MoS2, which is used to predict the 
water contact angle and polar solvent exfoliation efficacy, which are found to be in good 
agreement with experiment. We then use the developed force field to investigate how 
dispersion interactions, electrostatics, and entropy affect interfacial phenomena 
involving 2D MoS2 surfaces. The predicted equilibrium contact angle and the friction 
coefficient are found to be independent of the inherent polarization in MoS2, indicating 
the negligible role of electrostatic interactions between MoS2 and liquids. Furthermore, 
the wettability of MoS2 is found to be controlled by a delicate balance between 
dispersion interactions and entropy. Our findings reveal that despite the existence of 
heteropolar bonds in MoS2 compared to the existence of homopolar bonds in graphene, 
there is an unexpected similarity between the interfacial behavior of the two surfaces. 
This finding, in turn, elucidates the similar physiosorption behavior of MoS2 and 
graphene, including the use of similar liquids to exfoliate these 2D materials. 
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Air entrainment effects of drop impact on lubricated surfaces 

Min Y. Pack, myoungpack@gmail.com, Han Hu, Dong-Ook Kim, Ying Sun. Mechanical 
Engineering and Mechanics, Drexel University, Havertown, Pennsylvania, United States  

With the advent of lubricant-infused surfaces, researchers have successfully created 
superomniphobic properties in recent years. Droplets impinging on such surfaces has 
seldom been studied thus far and this study aims to uncover the physics of drop impact 
on micrometric oil films on plain glass substrates with varying Weber number (We) 
where the atomically-smooth surface allows for a greater influence on the entrained air 
film different from the solid surface case. Previously, on solid surfaces even the smallest 
asperities cause random breakup of the entraining air film and thus air entrainment 
effects are commonly small in influencing drop impact dynamics. Combining both total 
internal reflection microscopy (TIRM) and reflection interference microscopy (RIM) 
techniques, the interstitial air film shape and evolution growth and how it pertains to the 
drop impact morphologies has been investigated. For lower We, the entrained air 
bubble delays the liquid to liquid contact as opposed to immediate drop to film contact 
and thus prevents viscous dissipation and allows for jetting to occur. For higher We, the 
air entrainment effects are less pronounced and thus the jetting is suppressed. 
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Direct measurements of surface stress of stretched soft solids 



Qin Xu1,2, qxtony@gmail.com, Eric Dufresne1,2. (1) Mechanical Engineering and 
Materials Science, Yale University, New Haven, Connecticut, United States (2) 
Department of Materials, ETH Zurich, Zurich, Switzerland  

The wetting profile of liquid droplets on soft solids is determined by the competition 
between elasticity and solid surface stress. Near the contact point, the bulk elasticity 
becomes negligible such that Neumann’s classic analysis nicely captures the wetting 
geometry and provides us an effective approach to directly measure the solid surface 
stress. Here, we report our experiments using confocal microscopy in studying the 
wetting of liquids on soft PDMS gels. While the droplets are sitting on the top, the 
substrates are biaxially strained. We observe that the wetting profiles and the three-
phase contact angles are changing dramatically as the substrate is stretched. With 
Neumann’s principle, we obtain the quantitative relation between surface stress of the 
PDMS and the applied strain. This result further indicates that the surface energy and 
surface stress of our PDMS both depend on the applied strain. 
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Electrical-double-layer potential distribution in nanoporous electrodes from 
molecular modeling and electrodynamics analysis 

Patricia Taboada-Serrano, ptsche@rit.edu. Chemical Engineering, Rochester Institute 
of Technology, Rochester, New York, United States  

When a solid surface is immersed in a solution, the surface can become charged in a 
variety of ways including crystal lattice defects, dissociation of atoms or molecules, 
ionization of surface groups, and adsorption of external ions or, in the case of an 
electrode, via the application of an external potential. The excess charge at the surface 
results in an accumulation of counterions near the surface and a depletion of coions in 
that region, and therefore, creates an excess electric potential at the interface. This 
potential drops as the distance from the surface to the Galvani potential in the solution 
bulk. This phenomenon is known as the electrical double layer (EDL). The EDL governs 
natural phenomena like colloidal stability and electrokinetic phenomena; and affects the 
outcome of electrochemical reactions. 
 
Classical Theory describes the EDL via the combination of the Poisson equation for 
electrical potential and the Boltzmann distribution of charge within an electric field next 
to a planar charged solid surface. This approach treats ions as non-interacting point 
charges in the vicinity of a single-charged surface in contact with a bulk solution. 
However, most current applications where EDL is relevant involve confinement within 
nanostructures, where the size of the ions is within one or two orders of magnitude of 
the size of the structure itself. 
 
We will present a method to describe the EDL within confinement that combines Grand 
Canonical Monte Carlo simulations (GCMC) with electrodynamics concepts to 
determine not only the EDL structure, but most importantly the distribution of electrical 



potential within charged slit-type pores. The method was validated against the simplest 
case where Classical EDL Theory can be applied (two non-interacting planar surfaces) 
and then extended to increasingly confined spaces. In contrast to classical EDL theory, 
this method accounts for ion-size and ion-ion interactions; and provides insights into the 
EDL structure within nanostructures. 
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Theoretical and experimental investigation of fibrillization kinetics and rheology 
of insulin solution 

Vignesh S. Balaraj1, balarv@rpi.edu, Philip C. Zeng6, Sean P. Sanford3, Samantha A. 
McBride2, Alessio Zaccone 4, Juan M. Lopez5, Amir H. Hirsa1,2. (1) Mechanical Engr, 
RPI, Troy, New York, United States (2) Chemical & Biological Engr., RPI, Troy, New 
York, United States (3) Biomedical Engr., RPI, Troy, New York, United States (4) 
Physics, Cambridge Univ., Cambridge, United Kingdom (5) Mathematics, Arizona State 
Univ., Tempe, Arizona, United States (6) Biomedical Engr., RPI, Troy, New York, United 
States  

Protein aggregates have been associated with a wide range of disorders and diseases, 
and amyloid fibrils in particular are thought to be causational in neurodegenerative 
diseases such as Alzheimer's. Protein in the body regularly interacts with 
macromolecular interfaces of various degrees of hydrophobicity. Importantly, it is well 
established that fibrillization of protein in solution is strongly influenced by the presence 
of hydrophobic interfaces. Hydrophobic interfaces serve to denature protein from its 
native state, which is the first step in the fibrillization process. Protein transport at the 
interface is influenced by the two-way coupling between interfacial and bulk flow. Here, 
we study amyloidogenesis of two variants of insulin (human and bovine) using a deep-
channel surface viscometer flow apparatus. Navier-stokes simulations of the continuum 
flow in the channel are performed with a Boussinesq-Scriven surface model. Predictions 
from the continuum model are compared with laboratory measurements of interfacial 
velocity, made via Brewster angle microscopy, in order to quantify the surface 
rheological response of protein films. A coarse-grained statistical mechanics model of 
the interactions and self-assembly of the protein monomers at the interface is also 
presented in tandem with the fluid flow calculations to understand this multi-scale 
problem. Aside from helping to quantify the rheological response of the protein film, the 
continuum simulations also serve as a guide for the statistical mechanics model by 
describing the variations in the local shear experienced by protein molecules in 
macroscopic flow systems. The results have important implications for our 
understanding of how fibrillization and disease progression occurs in vivo. 
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Effects of oscillatory forcing on viscous and inviscid Langmuir films 



Fayaz Rasheed2, rashef@rpi.edu, Aditya Raghunandan4, Juan M. Lopez5, Amir H. 
Hirsa1,3. (1) Mechanical Engr, RPI, Troy, New York, United States (2) Mechanical 
Aerospace and Nuclear Engineering, Rensselaer Polytechnic Institute, Troy, New York, 
United States (3) Chemical & Biological Engr., RPI, Troy, New York, United States (4) 
Mechanical Engr, RPI, Troy, New York, United States (5) Mathematics, Arizona State 
Univ., Tempe, Arizona, United States  

Fluid transport in vivo by pumping in pulmonary and cardiovascular systems results in 
oscillatory flows. Oscillatory forcing of interfacial films is a critical component of the 
effects of shear on complex interfaces found throughout the body. Here, we investigate 
the response of insoluble monomolecular films on water with vastly different surface 
shear viscosities subjected to oscillatory forcing. Stearic acid (viscous) and vitamin K1 
(essentially inviscid) films over a range of surface packings were subjected to sinusoidal 
forcing in a circular knife-edge under different forcing amplitudes and frequencies. The 
interfacial velocity was measured using Brewster angle microscopy, along with image 
analysis software, at various radii from which phase lags between the oscillatory knife-
edge and the film were determined. Simulations of the coupled bulk and interfacial 
flows, computed using the Navier-Stokes equations for the bulk flow and the 
Boussinesq-Scriven surface model, make it possible to distinguish contributions to 
phase lag from the coupling between the bulk and interfacial flow and any departures 
from Newtonian surface response. 
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The emulsion stability method to determine the characteristic curvature (Cc) of 
practical alkyl ethoxylate surfactants 

Silvia Zarate-Munoz, silvia.zaratemunoz@mail.utoronto.ca, Felipe Texeira, Khaing 
Myint, Jack Minchom, Edgar J. Acosta. University of Toronto, Toronto, Ontario, Canada  

An emulsion stability method to measure the amphiphilicity of practical alkyl ethoxylate 
nonionic surfactants through the characteristic curvature (Cc), which uses mixtures of 
specific reference surfactants and oils is introduced. These mixtures showed rapid 
destabilization in salinity scans, which helped to determine the optimal salinities (S*), 
used to calculate the Cc, in a matter of minutes. The optimal salinities were 
corroborated with solubilisation parameter curves and interfacial tension measurements 
for designated systems. The Cc of reference surfactants were used to determine the Cc 
of various commercial and food grade alkyl ethoxylate surfactants used as tests. The Cc 
values of test surfactants obtained using the emulsion stability method were consistent 
among different combinations of reference surfactants and oils, and when conducted by 
different individuals. The standard deviation was typically ±0.2 Cc units and up to 25 % 
of the Cc value for highly hydrophilic surfactants. After comparing the Cc values 
measured experimentally with the values calculated from nominal structures from a 
group contribution model, it was evident that the polydispersity of commercial grade 
alkyl ethoxylate surfactants substantially modify the amphiphilicity of alkyl ethoxylates 
measured via characteristic curvature. 
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The effect of water on the thermal transition observed in poly(allylamine 
hydrochloride)-poly(acrylic acid) complexes 

Yanpu Zhang3, yanpuzhang@tamu.edu, Ran Zhang2, Maria Sammalkorpi1, Jodie L. 
Lutkenhaus3,4. (2) Department of Chemistry, Aalto University, Espoo, Finland (3) 
Chemical Engineering, Texas A&M University, College Station, Texas, United States (4) 
Department of Materials Science and Engineering, Texas A&M University, College 
Station, Texas, United States  

Polyelectrolyte complexes (PECs) are receiving increasing attention because of their 
stimuli-responsive behaviors with ionic strength, pH, and temperature. Of these, 
temperature is particularly intriguing in that PECs undergo a glass-melt transition whose 
origin remains debatable. Here, we present the thermal behavior of PECs containing 
weak polyelectrolytes poly(allylamine hydrochloride) (PAH) and poly(acrylic acid) (PAA) 
as influenced by water content and complexation pH. These are investigated using 
modulated differential scanning calorimetry (MDSC) and dynamic molecular simulation. 
MDSC revealed a glass-transition-like thermal transition (Ttr) that decreases with 
increasing hydration and with decreasing complexation pH. It is shown that water has a 
plasticizing effect by molecular simulations and comparison with the Fox equation. 
Simulations show an increasing number of water-polymer hydrogen bonds within the 
hydrated complexes as water content increases. Complexation pH influences the 
thermal transitions by tuning the polymer charge density and then the structure and 
composition of the PEC. These results support the hypothesis that the transition is 
caused by a restructuring of the water hydrogen-bonding network within the PEC that 
then allows for subsequent chain relaxation. 
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Dynamic surface tension measurements with maximum bubble pressure 
tensiometry 

Norman Moreno, Theodore Walker, Adam Burshan, William Yang, Vivek Sharma, 
viveks@uic.edu. Chemical Engineering, University of Illinois at Chicago, Chicago, 
Illinois, United States  

Dynamic surface tension refers to the time dependent variation in surface tension, and 
is intimately linked with the rate of mass transfer of a surfactant from liquid sub-phase to 
the interface. The diffusion- or adsorption-limited kinetics of mass transfer to interfaces 
is said to impact the so-called foamability and the Gibbs-Marangoni elasticity of 
surfaces. Dynamic surface tension measurements carried out with conventional 
methods like pendant drop analysis, Wilhelmy plate, etc are limited in their temporal 
resolution (>50 ms). In this study, we describe design and application of maximum 
bubble pressure tensiometry for the measurement of dynamic surface tension effects at 
extremely short (1-50 ms) timescales. Using experiments and theory, we discuss the 



challenges and experimental constraints related with the maximum bubble pressure 
tensiometry measurement. 
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A new method for determining the Hamaker constant of solids using an atomic 
force microscope 

Sean Fronczak, sfroncza@purdue.edu, Jiannan Dong, Christopher Browne, Elias I. 
Franses, Stephen Beaudoin, David S. Corti. Chemical Engineering, Purdue University, 
West Lafayette, Indiana, United States  

The Hamaker constant, A, is a quantitative measure of the fundamental attractive van 
der Waals (vdW) interaction for microscale and nanoscale materials. Experimental 
attempts to determine A using an atomic force microscope (AFM) are typically plagued 
by deviations from expected behavior caused by issues inherent to the contact regime, 
such as surface roughness and deformation. Thus, a method for estimating Hamaker 
constants from the non-contact approach regime of an AFM experiment is desirable. 
Several methods have been proposed for predicting A from the AFM data obtained 
during this approach regime. All of these methods describe the AFM cantilever’s 
dynamic approach-to-contact behavior with a quasi-static model, which assumes 
mechanical equilibrium between the cantilever-substrate vdW force and the restoring 
force of the cantilever. However, for close cantilever-substrate separations, the quasi-
static model may not be an accurate representation of the cantilever’s motion, as it 
assumes that the tip “jumps-into-contact” with the substrate at an infinite speed once the 
vdW force exceeds the cantilever’s restoring force. 
 
Therefore, we begin by developing a dynamic model that accounts for the inertial 
component of the tip’s approach-to-contact and use it to evaluate the validity of the 
quasi-static model. We show that the quasi-static model deviates from the tip’s dynamic 
behavior prior to contact with the substrate. In addition, we demonstrate that the 
previously relied upon jump-into-contact distance cannot be reliably obtained, resulting 
in unpredictable error in the estimation of A. Thus, we present an improved procedure 
for determining A, which acknowledges explicitly that the cantilever tip motion is 
dynamic, and which sidesteps the need for locating a physically-undefinable “jump” 
point and focuses instead on identifying the cantilever’s first point of contact with the 
substrate. Since the determination of this point depends upon the cantilever’s approach 
speed and the AFM sampling resolution, a double extrapolation procedure is employed 
to estimate A. We then use simulated data generated from the dynamic model to 
validate our new approach-based method. Finally, we discuss the practical 
implementation of the new method to AFM experiments, and present initial results for 
the estimates of A for amorphous silica and polystyrene, the values of which compare 
very favorably to those obtained with the Lifshitz approximation. 

CSSS 355 



The evolution of multivalent nanoparticle adhesion revealed using nano adhesive 
dynamics simulations 

Mingqiu Wang, mingqiuw@uci.edu, Jered Haun. University of California, Irvine, Irvine, 
California, United States  

Targeted delivery of imaging or therapeutic agents holds tremendous potential to 
transform detection and treatment of diseases such as cancer and atherosclerosis. 
However, this potential has remained largely untapped clinically because molecularly-
targeted agents have failed to provide sufficient delivery yield and/or specificity. 
Nanomaterial carriers offer numerous advantages as a delivery platform, but targeted 
nanoparticle agent development has focused primarily on generating specificity and 
evaluating thermodynamic behavior. Moreover, adhesion within the body is a dynamic 
process, and thus we believe that a kinetic treatment will be far more powerful. In 
previous work, we uncovered that nanoparticle binding stability increases over time. In 
this work we have developed the Nano Adhesive Dynamics (NAD) simulations based on 
Brownian Dynamics and Adhesive Dynamics. Using our NAD simulations, we modeled 
antibody-conjugated nanoparticles binding to ICAM-1 substrate. From particle 
perspective, we observed mean bond number per particle (MBN) progressively 
increased, matching the rate of particle stabilization. From bond evolution perspective, 
we observed particles gained bonds and formed an equilibrium bond distribution quickly 
after initial binding, while particles with fewer bonds kept detaching over the whole 
simulation, both explaining the mechanism of MBN increases. Interestingly, 
experimental results could be matched over a spectrum bond mechanical properties 
(reactive compliance and bond spring constant) which were linked by similar 
mechanical work being performed on bonds (also equal to the bond chemical energy) 
and the resultant average single bond lifetime. Using reactive compliance 0.27 nm 
determined by optical tweezers experiments, we found exquisite fits could be achieved 
for both the temporal (β) and magnitude (kD0) components of our time-dependent 
detachment rate across 9 experimental antibody and ICAM-1 density conditions using 
spring constant = 0.8 N/m. Based on this work, we have correlated the nanoparticle-
scale dynamics with individual bond information. Our NAD simulations provide a unique 
tool for analyzing multivalent nanoparticle adhesion data in a dynamic context and 
interpreting behavior at the level of individual bonds, and will be a powerful tool for 
designing targeted nanoparticle agents and leveraging control over multivalency. 
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Keynote Lecture: Interactions of intestinal lumen contents with the mucosa: 
Implications for molecular, particulate, and microbe transport to underlying 
tissues 

Hasan Yildiz3, Taylor Carlson3, Jaclyn Lock2, David Budil1, Rebecca Carrier3, 
rebecca@coe.neu.edu. (1) Chemistry and Chemical Biology, Northeastern University, 
Boston, Massachusetts, United States (2) Bioengineering, Northeastern University, 



Boston, Massachusetts, United States (3) Chemical Engineering, Northeastern 
University, Boston, Massachusetts, United States  

Intestinal mucus is a biological hydrogel that forms the important barrier modulating 
interactions between intestinal lumen contents, including food and pharmaceuticals as 
well as microbes, with the underlying tissues. It has been demonstrated that intestinal 
mucus can be a significant barrier to orally delivered drug carrier transport, and 
alterations in the mucus barrier have been associated with various diseases. We are 
exploring the impact of intestinal lumen contents on transport through mucus for 
understanding how barrier properties may change with eating, or may be modulated, for 
example to hinder bacterial invasion. We have discovered that lipids, in particular, 
appear to strengthen the mucus barrier, significantly hindering transport of particulate 
material through mucus. In this presentation, recent studies exploring the impact of 
exposure to lipids simulating those found in the intestinal lumen on small molecule (< 
500 Da) and microbe transport through intestinal mucus will be discussed. Microbe (E. 
coli) transport in mucus was hindered when mucus was exposed to lipids, potentially 
due to altered mucin molecular interactions, as supported by changes in mucus 
microstructure visible using lectin staining and fluorescence microscopy. Electron 
paramagnetic resonance (EPR) spectroscopy was used to explore the diffusive 
behavior and microenvironment of probe molecules in mucus. Results suggest that 
small molecule diffusive transport can be significantly impacted by intestinal mucus, 
despite the relatively large nominal pore size (~100 nm) of the mucus network, with a 
strong dependence on molecular charge. Diffusion of a positively charged probe 
molecule, 4-amino-tempo, was hindered (approximately 25% reduction in diffusivity) in 
mucus, potentially due to ionic interactions with negatively charged sugar molecules. 
Surprisingly, diffusivity of negatively charged 3-carboxy-proxyl appeared to be increased 
in mucus approximately 75% relative to diffusion of buffer, potentially due to altered 
ionic interactions. These effects are significantly impacted by “dosing” of molecules in 
medium simulating intestinal contents containing lipids, likely due to interactions 
between molecular species and the colloidal structures (emulsion droplets and micelles) 
in these media. 
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Effect of surface ions on lipid-protein binding 

Mona Mirheydari1, mmirheyd@kent.edu, Elizabeth K. Mann1, Edgar E. Kooijman2. (1) 
Physics, Kent State University, Kent, Ohio, United States (2) Biological sciences, Kent 
State university, Kent, Ohio, United States  

Protein binding plays an important but ill-understood role in lipid droplet formation and 
dynamics. Lipid droplets store energy, but also take part in lipid signaling, building new 
membrane, and synthesizing steroid hormones. The kinetics of protein binding to the 
lipid droplet are studied using an oil droplet, coated with lipid, in an aqueous solution. 
Decrease in surface tension, measured with a home-built droplet tensiometer, tests the 
protein binding to the lipid droplet. Here we investigate the binding of apoLp-III, an 



insect neutral lipid particle binding protein which consists almost entirely of an 
amphipathic α-helix bundle, an important part of most lipid droplet proteins. The protein 
apoLp-III thus serves as a model for the role of the alpha helix bundle in protein binding 
to lipid droplets. ApoLp-III binds and changes the interfacial tension of the oil droplet 
efficiently by itself. Previous work focused on the lipid POPC, the major component in a 
lipid droplet monolayer. The effects of lipid charge and shape was studied, using a 
series of carefully-chosen lipids. Electrostatic screening by buffer increases lipid 
adsorption and protein binding which reveals the importance of surface ions. 
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Dynamics of polypeptide adsorption at the aqueous/liquid crystal interface 

Raymond S. Tu, tu@ccny.cuny.edu. Steinman Hall, Chemical Engineering, The City 
College of New York, New York, New York, United States  

We describe the rational design of amphiphilic helical peptides with controllable charge 
separation and tunable surface activity, where the dynamics of surface activity are an 
outcome of helical folding. The fundamentals of peptide folding and adsorption are 
investigated using a liquid crystal system. The thermotropic liquid crystals serve as a 
model fluid (i.e. oil) for the optical examination of dynamic molecular events at the 
aqueous/oil interface. This setup allows for the label-free detection of adsorbates with 
high sensitivity without limiting the mobility of the interface. Previously, similar liquid 
crystal experiments have been used to examine surfactants, lipids, and DNA. Our 
studies examine the time-dependent behavior of our periodically sequenced peptides 
and compare them with two well-cited protein systems, bovine serum albumin (BSA) 
and Lysozyme. We show that the dynamics can be quantified by the cooperative tilting 
of the liquid crystal, where proteins and peptides display unique organizational behavior 
at the interface. Subsequently, the adsorption behavior can be coupled to the bulk 
folded state of the peptide using circular dichroism to show that the folded population 
can be controlled with changes in electrolyte concentration. Taken together, we present 
a method to investigate surface patterning and peptide partitioning using liquid crystals, 
where competitive adsorption of peptides and proteins can be used to define the 
thermodynamics and kinetics of adsorption. 
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Transitions from unilamellar to multilamellar structures of liposomes induced by 
interactions with hydrophobically modified polypeptoids 

Yueheng Zhang4, yzhang14@tulane.edu, Sunting Xuan5, Xin Li5, Donghui Zhang1, 
Olasehinde G. Owoseni3, Marzhana Omarova3, Vijay T. John2, vj@tulane.edu. (1) 437 
Chemistry Materials Building, Louisiana State University, Baton Rouge, Louisiana, 
United States (2) Tulane Dept of Chem Bio Engr, New Orleans, Louisiana, United 
States (3) Tulane University, New Orleans, Louisiana, United States (4) Chemical and 



Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United States (5) 
louisiana state university, Baton Rouge, Louisiana, United States  

Hydrophobic interactions between peptides and cell membranes are of significant 
interest since they are involved in a variety of membrane mediated bioprocesses. 
Polypeptoids are a class of pseudo-peptidic polymers with side chains attached to the 
nitrogen atom of the peptide backbone. They are fully biocompatible and resistant to 
proteolysis, and therefore have tremendous application possibilities as drug delivery 
agents. Our work seeks to understand the interactions of hydrophobically modified 
polypeptoids (HMP) with liposomes as a model for cell interactions. HMPs interact with 
liposomes through insertion of their side chains into the lipid bilayer. Both cryo 
transmission electron microscopy (cryo TEM) and small angle neutron scattering 
(SANS) have been use to understand structure and function of liposomes when 
contacted with HMPs and the equivalent unmodified polypeptoids (UMP). With HMP, an 
interesting phenomenon of transitions to multilamellar structures are observed followed 
by a slow dissolution of the liposome structure with higher concentrations of the 
modified polypeptoid. Mechanistic aspects of such structural transitions will be 
described in detail in our presentation. 
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Development of a non-living model system for cell membranes to investigate cell 
injury by nanoparticles 

Tooba Shoaib1, tooba.hashmi@live.com, Yichen He3, Yuting Chen3, Prathima C 
Nalam3, Rosa M. Espinosa-Marzal2. (1) MatSE, UIUC, Champaign, Illinois, United 
States (2) Civil Environ Eng-3215 Newmark Lab, University of Illinois at Urbana-



Champaign, Urbana, Illinois, United States (3) CEE, UIUC, Champaign, Illinois, United 
States  

While our exposure to nanomaterials (NMs) has increased with advancements in 
nanotechnology, understanding harmful effects of such materials on humans is still 
wanting. The interactions between living cells and NMs that lead to adhesion and 
uptake of NMs and subsequent cell damage need elucidation. Here we have developed 
a novel non-living stratified model system for cell membranes, which is suitable for 
studying interactions between living cells and NMs. In contrast to existing model 
systems for cell membranes –typically supported lipid bilayers– a soft hydrogel-based 
support for the lipid bilayer has been designed. The soft support architecture is robust 
and its mechanical behavior can be tuned to mimic that of living cells. 
AFM indentation experiments show significant differences in the elastic modulus, 
adhesion forces and rupture forces of lipid bilayers with soft underlying supports 
compared to lipid bilayers on a hard substrate. The physiological relevance of the 
developed system is clear from AFM indentation studies, where the system undergoes 
considerable deformation before and after bilayer rupture. This behavior is similar to 
that of real cells, in which deformation of cytoskeleton is dominant over that of the cell 
membrane, allowing cell membrane to bend and wrap NMs. Our next effort will be to 
elucidate the mechanical aspects of the interactions between NMs and this model 
system for cell membranes. 
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QCM-D and AFM study of antimicrobial peptide interactions with model cell 
membranes 

Kathleen Wang3, kathleen.f.wang2.civ@mail.mil, Ramanathan Nagarajan1, Terri A. 
Camesano2. (1) MSET/WFD, Natick Soldier RDEC, Natick, Massachusetts, United 
States (2) Worcester Polytechnic Inst, Worcester, Massachusetts, United States (3) 
Natick Soldier Research, Development and Engineering Center, Natick, Massachusetts, 
United States  

Antimicrobial peptides (AMPs) are produced by a variety of organisms as an essential 
component of their immune systems. The mechanisms utilized by membrane-active 
AMPs to destabilize cell membranes and kill pathogens are not well understood, 
however, largely due to the nanoscale nature of peptide-membrane interactions. In this 
study, quartz crystal microbalance with dissipation monitoring (QCM-D) and atomic 
force microscopy (AFM) were used to investigate the effects of various concentrations 
of two peptides, alamethicin and indolicidin, on a model cell membrane consisting of a 
supported phosphatidylcholine (PC) bilayer. In QCM-D studies, alamethicin, a 20-amino 
acid α-helical peptide, inserted into the lipid bilayer beginning at AMP concentrations as 
low as 0.5 μM. Increasing the peptide concentration to 5 μM produced large, unstable 
defects in the membrane that were observed in AFM measurements. QCM-D results 
showed that the shorter peptide, indolicidin, adsorbed to and inserted into the 
membrane, but substantial membrane disruption was not clearly detected. AFM 



imaging, however, revealed that indolicidin produced small holes in the bilayer at 5 and 
10 μM, which filled in again over time. Root-mean-square (RMS) roughness values for 
the AFM images of membranes exposed to indolicidin showed that surface roughness 
caused by visible defects peaked after peptide injection and gradually decreased over 
time. Although QCM-D can be used to reveal mechanistic details about AMP-membrane 
interactions on the molecular scale, AFM is a valuable complementary tool for 
visualizing and understanding the effects. Understanding the dynamic interactions 
between AMPs and cell membranes will facilitate the design and efficient use of AMPs 
in therapeutics and antimicrobial surfaces. 
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Nanoparticle binding restructures anionic lipid monolayers: Effect of nanoparticle 
charge on saturated or unsaturated lipids 

Geoffrey D. Bothun, gbothun@uri.edu, Nasim Ganji, Iftheker A. Khan, Aihong Xi. 
Chemical Engineering, University of Rhode Island, West Kingston, Rhode Island, United 
States  

We have examined the interactions between charged nanoparticles and net-anionic lipid 
monolayers using dynamic surface pressure measurements. Monolayers composed of 
saturated or mono-unsaturated mixtures of anionic phosphoglycerol (PG) and 
zwitterionic phosphocholine (PC) lipids were used to determine how lipid packing or 
charge density and monolayer phase state influence the extent of nanoparticle binding 
and the monolayer response. Anionic and cationic silver nanoparticles (AgNPs) were 
able to insert into both saturated dipalmitoyl-PC/PG (DPPC/DPPG) and mono-
unsaturated dioleoyl-PC/PG (DOPC/DOPG) monolayers at low initial surface pressures 
or low packing densities. At high surface pressures or high packind densities anionic 
AgNPs bound to both monolayers via electrostatic (choline group in PC lipids) and 
charge-dipole (PC dipole moment) attraction and caused lipid condensation. In contrast, 
cationic AgNPs inserted into saturated DPPC/DPPG monolayers, but not into 
unsaturated DOPC/DOPG monolayers. Cationic AgNPs caused lipid condensation in 
DOPC/DOPG monolayers similar to the anionic AgNPs. Analysis of the subphase Ag 
concentrations showed that cationic AgNPs had a higher degree binding compared to 
anionic AgNPs consistent with greater electrostatic attraction. Analysis of the subphase 
phosphorus concentrations showed that the AgNPs were able to extract lipids from the 
monolayer, however, the extent of lipid extraction was small and could not account for 
the monolayer reponse. The results depict the complex and likely competing roles that 
nanoparticle insertion, lipid condensation, and lipid extraction play on restructuring 
model bacterial monolayers. 
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Keynote Lecture: Macromolecular engineering of water purification membranes 



Jinwen Wang, Eric Hoek, Subir Bhattacharjee, subir@waterplanet.com. R&D, Water 
Planet, Inc., Irvine, California, United States  

Although filtration processes are considered less energy intensive compared to several 
other conventional water purification technologies, fouling of filters can lead to increase 
in energy consumption during water filtration. This presentation will review a few key 
innovations in membrane filtration materials that have vastly improved the performance 
and sustainability of membrane processes. Improvements in both ceramic and 
polymeric membrane materials will be outlined. We will discuss how sol-gel processes 
for ceramics and phase inversion processes for polymeric membranes have led to 
remarkable membrane microstructures with unique separation and interfacial 
characteristics, including fouling resistance. The presentation will highlight one of the 
recent membrane material innovations we are currently working on, which takes a novel 
conducting polymer base and transforms it into a scaffold for templating membranes 
with unique characteristics. In closing, it will be emphasized how strides have been 
made to make membranes more energy efficient and fouling tolerant, yet, so much 
more needs to be done to achieve what the kidney does as a filtration device. 
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Carboxyl functionalized non-magnetic and magnetic silica nanoparticles for Sm3+ 
recovery 

Yue Wang1,2, yywangscu@163.com, Hari Katepalli1, Daniel Blankschtein1, Yundong 
Wang2, T. Alan Hatton1. (1) Department of Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) Department of 
Chemical Engineering, Tsinghua University, Beijing, China  

We investigated the efficacy of carboxylic terminated colloidal silica particles for the 
sorption and separation of Sm3+ (samarium) from aqueous solutions. Non-magnetic and 
magnetic silica particles were synthesized using a modified Stober process, and 
subsequently functionalized with two different methods to get carboxylic terminated 
functional groups. The silica particles were characterized using light scattering and 
transmission electron microscopy to determine their size and surface charge. Surface 
and magnetic properties were characterized using FTIR and Magnetometry. Sorption 
experiments were carried out after dispersing the particles in aqueous solutions 
containing Sm3+ at different concentrations. Sm3+ adsorption was measured by 
determining the depletion of Sm3+ from the aqueous phase using ICP-OES. Equilibrium 
adsorption was fit to the Freundlich and Langmuir isotherms, and adsorption kinetics 
was fit to a pseudo-second-order model to estimate sorption capacity and adsorption 
kinetics of the silica particles. We also evaluated the recovery of the adsorbed Sm3+ and 
the regeneration of the adsorbent using elution experiments. 
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Understanding process effects in the flocculation of anisotropic particles using 
structure visualization, with water treatment applications 

Nikolas Wilkinson2,1, wilki297@umn.edu, Cari Dutcher1. (1) Mechanical Engineering, 
University of Minnesota, Minneapolis, Minnesota, United States (2) Chemical 
Engineering, University of Minnesota - Twin Cities, Minneapolis, Minnesota, United 
States  

Polymer flocculating agents are commonly used to remove colloidal material from 
solution, improving separation performance. The resultant structure of the mesoscale 
formation (polymer – particle floc) affects the separation process performance. In this 
talk, we will highlight recent advancements in polymer-particle floc structure 
visualization that allow for improved understanding of the process variable effects on 
flocculation of anisotropic Na-bentonite clay particles. By visualizing flocs using 
fluorescently-tagged polymers and laser confocal microscopy, we can directly observe 
effects of ionic strength and pH on polymer – clay floc internal structure and flocculation 
performance (Wilkinson et al., Colloids and Interface Science Communications, 
accepted). We will also discuss flocculation in a pH range from 3 to 11; resulting in zeta 
potentials from -42 to -106 mV, ionic strengths from 0 to 1 M, and bentonite number 
averaged particle sizes ranging from 0.015 µm to 2 µm. We show that pH and ionic 
strength of NaCl indirectly control flocculation performance through bentonite particle 
size and surface morphology control. For example, it was found that the ionic strength 
dependent bentonite particle aggregate size prior to polymer addition controls the 
flocculation mechanism, from bridging at small particle size to charged patch at large 
particle size. This work sheds light on the complexities of polymer flocculation towards 
improving reagent polymer dosing and treatment optimization for important applications 
such as water purification. 
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Core-shell composite hydrogels for controlled nanocrystal formation and release 
of hydrophobic active pharmaceutical ingredients 

Abu Zayed Badruddoza, abuzayed@mit.edu, Paul D. Godfrin, Allan S. Myerson, 
Bernhardt D. Trout, Patrick S. Doyle. Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

Although roughly 40% of pharmaceuticals being developed are poorly water-soluble, 
this major class of drugs still lacks a formulation strategy capable of producing high 
loads, fast dissolution kinetics, and low energy input. Utilization of innovative 
biocompatible materials in formulations of such drugs to enhance their dissolution and 
bioavailability is a rapidly growing area in pharmaceutical materials research. In this 
work, we develop a novel bottom-up approach for producing and formulating 
nanocrystals of poorly water-soluble active pharmaceutical ingredients (APIs) using 
core-shell composite hydrogel beads. Organic phase nanoemulsion droplets stabilized 
by polyvinyl alcohol (PVA) and containing a model hydrophobic API (fenofibrate) are 



embedded in the alginate hydrogel matrix and subsequently act as crystallization 
reactors. Controlled evaporation of this composite material produces core-shell 
structured alginate-PVA hydrogels with drug nanocrystals (500 - 650 nm) embedded 
within the core. Adjustable loading of API nanocrystals up to 83% by weight is achieved 
with dissolution (of 80% of the drug) occurring in as little as 30 minutes. We also 
develop a quantitative model and experimentally validate that the drug release patterns 
of the fenofibrate nanocrystals can be modulated by controlling the thickness of the PVA 
shell and drug loading. Thus, these composite materials offer a ‘designer’ drug delivery 
system. Overall, our approach enables a novel means of simultaneous controlled 
crystallization and formulation of poorly soluble drugs that circumvents energy intensive 
top-down processes in traditional manufacturing. 

 

 
 
Figure 1 –Schematic illustration of our bottom-up approach to core-shell composite hydrogel 
bead formation. Nanoemulsion droplets carrying hydrophobic API are dispersed in aqueous 
solvent containing polymer alginate. Cross-linking the alginate entraps the nanoemulsion 
droplets in a polymer matrix. Subsequent evaporation forms core-shell hydrogels containing API 
nanocrystals embedded in the core. 
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Extending colloidal aggregation to proteins 

Alan P. Tabatabai2, apt28@georgetown.edu, Katie Weigandt3, Daniel L. Blair1. (1) 
Georgetown Univ, Washington, District of Columbia, United States (2) Physics, 
Georgetown University, Washington, District of Columbia, United States (3) National 
Institute for Standards and Technology, Gaithersburg, Maryland, United States  

Colloidal gels are a robust model system where the goal is often to associate 
fundamental particle-particle interactions in order to achieve a particular macroscopic 
behavior. These model systems provide tremendous physical insights that we will build 



upon to explore the gelation process in a system comprised of silk proteins that exhibit 
the characteristics of colloidal gels. Our work focuses on silk-based gels derived from 
reconstituted silk protein, where the fundamental interaction is between two proteins. 
Through microscopic (light scattering) and protein scale (neutron scattering) 
observations, we investigate silk protein aggregation in response to pH changes and 
draw on the established colloidal literature for interpretation. 
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Multilayer hybrid capsules: Towards a biomimetic egg 

Brady C. Zarket2, bzarket@umd.edu, Srinivasa R. Raghavan1. (1) Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, United 
States (2) Chemical & Biomolecular Engineering, University of Maryland - College Park, 
College Park, Maryland, United States  

Multilayer structures with individual components arranged in concentric layers are 
commonly observed in nature. Examples include plant seeds, eggs and embryos, and 
veins and arteries. Within these structures individual layers are typically composed of 
different materials, which serve specific purposes. The separation of individual layers 
and components within the structure is critical to the overall function and properties of 
the system. Researchers have made significant efforts to synthesize polymeric 
capsules, but few studies on synthesizing multilayer structures have been performed. 
Additionally, current synthesis techniques have limitations: either the selection and 
arrangement of polymers is limited or the synthesis technique is overly complex. 
Toward the goal of side-stepping the aforementioned limitations we have developed a 
novel “inside-out” technique for the facile synthesis of multilayered polymer capsules. 
The thickness of each layer in the shell can be controlled, and more importantly, the 
chemical composition of each layer can also be varied. For example, one layer can be 
composed of a non-ionic polymer, while the layer adjacent to it can be composed of an 
ionic polymer. This capability allows for variation in capsule structures, which can be 
utilized for various applications. To demonstrate one such application we employed 
combinations of stimuli-responsive and non-responsive layers to control the release of 
small molecules. Moreover, we demonstrate that these multilayered capsules exhibit 
interesting mechanical properties, such as resistance to squeezing or compression and 
high coefficients of restitution. Finally, our method can be modified to incorporate 
inorganic compounds to synthesize organic-inorganic hybrid structures which is not 
possible through conventional techniques. This allows the creation of a structure with 
organic inner layers surrounded by an inorganic outer layer, similar to the structure of 
an egg. 
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Self-oscillating iron-based Belousov-Zhabotinsky gelatin 



Ilse Nava Medina1, inavamed@tamu.edu, Xiayun Huang1, Samantha Marquez2, 
Zhengdong Cheng1. (1) Texas A&M University, College Station, Texas, United States 
(2) Yale University, New Haven, Connecticut, United States  

A typical example of non-equilibrium thermodynamics is the Belousov-Zhabotinsky (BZ) 
reaction, which has served as a suitable nonlinear chemical oscillator model for the 
study of different nonequilibrium biological phenomena. We are reporting the synthesis 
of a new Belousov-Zhabotinsky (BZ)-gelatin composite employing iron (Fe3+, Fe2+) as 
the catalyst. This was achieved by the attachment of the iron complex to the colloidal 
matrix of gelatin, a biopolymer. The use of gelatin and iron as main components of the 
composite enabled us to obtain a cheaper and safer chemical route for the synthesis 
compared to the widely known PNIPAM (poly n-isopropylacrylamide) Ruthenium (Ru)-
based materials. Moreover, the chemical bonding between the iron catalyst and the 
gelatin matrix is an advantageous approach in contrast to earlier reports where the iron 
catalyst is only physically contained within the polymer. As a result, chemical waves 
were observed in the gelatin composite thus proving an efficient and successful new 
way to trigger the BZ reaction. The wave patterns observed in this BZ-reaction gelatin 
are potential models to interpret biological processes such as neurons synapsis, 
ventricular tachycardia, or growth pattern of amoeba colonies. Furthermore, BZ-reaction 
based materials can be used for the design of smart materials with self-motion. 
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Shape changes in hydrogel sheets triggered by specific small molecules 

Jasmin C. Athas2, jasmin.athas@gmail.com, Srinivasa R. Raghavan1,2. (1) Chemical & 
Biomolecular Engineering, University of Maryland, College Park, Maryland, United 
States (2) Chemistry & Biochemistry, University of Maryland, College Park, Maryland, 
United States  

Shape-changing soft materials are frequently seen in nature. For example, changes in 
ambient humidity cause Bauhinia pods to release their seeds by undergoing a transition 
from a flat to a helical structure. Recently, hydrogels have been designed to undergo a 
shape transformation in response to an external trigger such as pH and temperature. 
These types of self-folding hydrogel structures have potential applications in sensing 
and microfluidics. However, in order to expand the applications of gels, it is necessary 
to expand the range of triggers. Towards this end, we have designed bilayer hydrogel 
sheets that respond to the presence of small molecules. Initially, the gel remains flat. 
However, in the presence of the specific molecule, regions of the hybrid gel undergo a 
dramatic change in swelling ratio and elastic moduli. As a result, differential stresses are 
generated within the film leading to its folding to form a specific shape. The kinetics of 
the folding transition depends on the concentration of the active molecule. Self-folding is 
achieved without the use of complex fabrication techniques and it occurs with high 
specificity, where the response only occurs with a specific molecule. A range of 3D 
shapes, including tubes, helices, pancakes can be achieved by this approach. 
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Cloud point tunable nonionic surfactant-polysaccharide hydrogels 

Silvia Zarate-Munoz, silvia.zaratemunoz@mail.utoronto.ca, Edgar J. Acosta. University 
of Toronto, Toronto, Ontario, Canada  

Over the last decades, the phase behavior of a variety of nonionic surfactant-polymer 
combinations has been described; however, predictive systematic approaches do not 
exist and the formulation of these systems remains empirical. We hypothesize that the 
phase behavior of nonionic surfactant- anionic polysaccharide systems is controlled by 
the cloud point (CP) of the surfactant, so it can be predicted depending on the 
surfactant CP. Nonionic surfactants with higher cloud points produced single phase 
surfactant-polysaccharide systems compared to two-phase systems obtained with 
surfactants with lower cloud point. Moreover, the glass transition temperature of these 
hybrid gels with different surfactant concentrations matched the CP of the surfactant 
solution with the same concentration. These vehicles proved to be effective controlled 
delivery systems of hydrophobic drugs. The synergistic interactions observed in surface 
tension and equilibrium dialysis tests showed that although these nonionic surfactant-
anionic polysaccharide complexes are formed by physical interactions, they can provide 
similar performance to hydrophobically modified polymers without any chemical grafting. 
A closer look into their microstructure via mesh size calculations from self-diffusion 
coefficients informed that portions of strand of polymers in the gel can be replaced by 
surfactant micelles on the basis of equivalent polymer length. It was concluded that 
considering this length equivalency and the cloud point of the surfactant, one can 
readily predict the phase behavior of these surfactant-polymer systems. 
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Non-Fickian DNA diffusion in nanoslit micropost arrays 

Yeng-Long Chen1, yenglong@phys.sinica.edu.tw, Fan-Tso Chien1, Po-Keng Lin1, Wei 
Chien1, Chia-Fu Chou2. (1) Academia Sinica, Taipei, Taiwan (2) Institute of Physics, 
Academia Sinica, Taipei, Taiwan  

We found abnormal diffusive behavior of strongly-confined DNA molecules in nanoslit 
micropost arrays in which DNA diffusivity increased as the micropost density increased. 
We employed a hidden Markov model for a trap-hop process and found the non-Fickian 
diffusion due to weak DNA adsorption to the microposts and hopping across posts by 
DNA conformation fluctuations. Theoretical predictions for the change in the free energy 
barriers due to to DNA adsoption and conformation fluctuations agree with the HMM 
analysis, which are also verified with Langevin dynamics simulations. The simulations 
further predicted non-monotonic dependence of macromolecule diffusion on the 
crowding density in an interactive medium. This physical phenomenon could be 
employed to direct macromolecular transport without external fields. 
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Dielectric contrast driven phase transitions in cellulose microfibril dispersions 

Krassimir Velikov, Krassimir.Velikov@Unilever.com. Unilever R&D Vlaardingen, 
Vlaardingen, Netherlands  

Fibre-like particles depending on their interaction potential can form both ordered and 
disordered networks with an interesting rheological response. Cellulose microfibrils 
dispersion are naturally strongly attractive due to strong interfibrillar hydrogen bonding 
and Van der Waals interactions. These attractive interactions, in combination with the 
high aspect ratio of the particles, cause the formation of extended networks when the 
microfibrils are dispersed in polar solvents. In this paper, we present a study on the 
effect of dielectric contrast aqueous dispersions of cellulose microfibrils. Decreasing the 
dielectric index difference between the solvent and the microfibrils was found to make 
more homogeneous dispersions by decreasing the intefibrillar forces. This leads to 
prevention of the shear-induced aggregation and even to a decrease of the 
concentration of macroscopic aggregates. Glycerol decreases the attractive interactions 
between the cellulose microfibrils to such an extent that they are able to align and form 
liquid crystal gel-like phases. 
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Cerberus nanoemulsions produced by multi-droplet flow-induced fusion and self-
limiting coalescence 

Thomas G. Mason, mason@chem.ucla.edu. UCLA Dept of Chem Biochem, Los 
Angeles, California, United States  

Using two different non-equilibrium approaches, we create stable dispersions of 
nanoscale droplets, each having three different mutually immisible oil types, in a 
continuous aqueous phase that is also immiscible with all three oil types. By analogy to 
Janus droplets, which contain two different immiscible oil types, we call 
compartmentalized droplets containing three different immiscible oil types “Cerberus" 
droplets, since Cerberus is the latinized word for the three-headed watch-dog of Greek 
mythology. In a first approach, we combine three simple microscale oil-in-water 
emulsions, each made using a different oil type (aliphatic, aromatic, or fluoro), and 
subject the mixed emulsion to extreme flow conditions using a high-pressure 
microfluidic homogenizer. In addition to causing droplet rupturing towards the 
nanoscale, the extreme flow also overcomes the stabilizing interfacial repulsion of the 
water-soluble ionic surfactant, leading to flow-induced droplet fusion. Cryo-transmission 
electron microscopy reveals the compartmentalization of these three oils inside the 
resulting Cerberus nanodroplets. In a second approach, we create Cerberus droplets 
using self-limiting droplet fusion reactions obtained by transiently destabilizing a mixed 
emulsion containing droplets of the three different oil types using an ionic amphiphile 
having the opposite charge. Based on these results, we create a classification scheme 



for different kinds of Cerberus droplet morphologies. In pharmaceutical applications, 
Cerberus nanoemulsions can be tailored to provide local co-delivery of a wide range of 
non-aqueous drug molecules, thereby overcoming limitations related to poor molecular 
solubility in certain oil types. 
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Nanoemulsion formation: Controlling and predicting droplet size 

Ankur Gupta1, ankurg@mit.edu, T. Alan Hatton3, Patrick S. Doyle2. (1) Chemical 
Engineering, MIT, Cambridge, Massachusetts, United States (2) Rm 66-270, MIT, 
Cambridge, Massachusetts, United States  

Nanoemulsions are liquid-liquid dispersions with droplet sizes on the order of 100 nm. 
They are used in diverse areas like drug delivery, pharmaceutics and development of 
smart food drinks, and possess exceptional properties such as high surface area, robust 
stability and tunable rheology. However, there is little knowledge in literature about the 
factors dictating the droplet size of nanoemulsions. In this work, we highlight that the 
droplet size correlations for macroemulsions (droplet size ~ 100 um) cannot be 
extrapolated to nanoemulsions. Hence, we derive a new criterion for predicting droplet 
size of nanoemulsions that takes into account the physics at small length scales. We 
validate our scaling theory with a wide range of experimental droplet size data. Further, 
building on the proposed scaling theory, we propose a new breakage model for 
predicting the frequency of successful droplet breakup event, the rate-controlling step in 
nanoemulsion formation. The proposed breakage model provides insights about the 
kinetics of droplet size change and successfully captures the effect of droplet viscosity, 
unlike the earlier breakage models. The predictions of the proposed breakage model 
are supported by the experimental droplet size data. Lastly, we also obtain a theoretical 
master curve for the kinetic droplet size data prepared with different oil viscosities. The 
proposed scaling theory and models are useful for rational design of nanoemulsions. 

CSSS 376 

Making a jammed emulsion flow: Local rearrangements and correlated motion 

Vishwas Venkatesh, vv120@georgetown.edu, Sudeep Dutta, Daniel L. Blair, 
Emanuela Del Gado. Department of Physics, Georgetown University, Washington, 
District of Columbia, United States  

We use a combination of confocal microscopy, rheology and molecular dynamics 
simulations to investigate jammed emulsions under shear, by analysing the 3d droplet 
rearragements in the shear frame. Our quantitative analysis of local rearragements 
reveal the elementary non-affine rearragements which indicate at the onset of the flow 
at small strains. We find evidence that different type of correlated flow events underlie 
the unjamming of the emulsions at high and low shear rates. At high rates we recognise 
the coordinated motion of small clusters of droplets moving along the same direction. At 



low shear rate the elementary non-affine rearragements are associated to much larger 
correlated domains, with a complex spacio-temporal correlation pattern, and bear 
signatures of the long range elasticity of emulsion. Our findings provide novel 3d 
microscopic insight into how macroscopic flow emerges in soft glassy material under 
deformation and into how the fundamental mechanisms may be modified bythe imposed 
flow rate. 
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New insights into the stability of nanoemulsions and their interaction with solid 
surfaces: A combined fluorescence approach 

Julian van Megen, julian.megen@hhu.de, Ralf Kühnemuth, Claus Seidel, Wolfgang 
von Rybinski. Physical Chemistry II, Heinrich Heine University Duesseldorf, 
Duesseldorf, Germany  

Emulsions are used in many products like cosmetics, pharmaceuticals, detergents and 
cleaners. For all these applications a specific droplet size and stability of the emulsion 
against phase separation is necessary. In this respect, emulsions with droplet sizes at 
the nanometer scale are superior to conventional macroemulsions. However, in contrast 
to microemulsions, these nanoemulsions are not thermodynamically stable systems. 
Therefore the study of the stability mechanisms is very important and has to be related 
to the interaction of the emulsions with solid surfaces which is the important factor of 
emulsion functionality. 
The phase inversion temperature (PIT) method is a common process for the preparation 
of those long-term-stable nanoemulsions, which utilizes the temperature dependent 
phase behavior of ternary systems of water (W), oil (O) and non-ionic amphiphiles (S) to 
produce O/W-emulsions with droplet sizes below 100 nm. 
The phase behavior of non-ionic surfactants in binary (S/W) and ternary (S/W/O) 
systems was studied to find suitable compositions for the formation of stable 
nanoemulsions. Fluorescence correlation spectroscopy (FCS) and dynamic light 
scattering (DLS) were used to probe emulsion structure in the bulk phase. 
Superresolution total internal reflection fluorescence microscopy (TIRF-M) was applied 
to study interactions of model nanoemulsions with different hydrophilic and hydrophobic 
glass surfaces. Additional insights about the adsorption were gained using atomic force 
microscopy (AFM). 
The results show that the phase behavior of the aqueous phase has a strong influence 
on the stability and the adsorption on a solid surface. In addition to that the influence of 
the polarity of the surface is discussed. A competition of the adsorption of the oil 
droplets and surfactant aggregates on the surface occurred. The results have a strong 
impact on the fundamental understanding and the optimization of the efficiency of 
nanoemulsions. 
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Extremely stable nanoscale emulsions: Engineering interface, drop-to-drop 
interaction, and transdermal delivery 



Kyounghee Shin1, khslining@gmail.com, Jin Woong Kim2,3. (1) Bionano Engineering, 
Hanyang University, Ansan, Korea (the Republic of) (3) Applied Chemistry, Hanyang 
University, Ansan, Korea (the Republic of)  

Designing emulsions with high stability as well as excellent skin compatibility is of key 
importance in using them as a vehicle for transdermal delivery. Accordingly, polymer-
stabilized emulsions have attracted a lot of interest due to their unique structural 
properties, forming a mechanically robust film at an oil-water interface. Herein, we 
propose an extremely stable nanoscale oil-in-water emulsion system, in which 
amphiphilic block copolymer, poly (ethylene oxide)-block-poly (ε-carprolactone) (PEO-b-
PCL), is co-assembled with lipids to form a mechanically stable thin polymer membrane 
at the interface. Specifically, the phase inversion composition method is employed to 
effectively assemble polymer-lipid emulsifiers at the interface, and then simple probe-
type sonication is used to reduce droplet size of the emulsion to the nanoscale range. 
Indeed, the interplay of PEO-b-PCL and lipid enables them to obtain a tighter and 
stronger packing at the interface, thus mechanically reinforcing the interface. We figure 
out the improved mechanical shear and compression properties of the polymer-lipid 
membrane by DSC, NMR, and suspension rheology analyses. Finally, we show that 
using our nanoscale emulsions significantly enhance the transdermal delivery of drug 
molecules therein due to the excellent skin compatibility as well as high diffusivity of the 
emulsion drops. 
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Formulation of saponin stabilized nanoemulsion by ultrasonic method and its 
role to protect the degradation of quercitin from UV light 

Khushwinder Kaur, makkarkhushi@gmail.com. Chemistry, Panjab University, 
Chandigarh, Panjab, India  

Phospholipid-based nanotherapeutics such as nanoemulsions is gaining popularity as 
nutraceutical delivery systems due to their efficacy in improving the solubility, stability 
and bioavailability of the loaded food components. Quercitin loaded o/w nanoemulsion 
has been prepared using food grade surfactants (Saponin and Tween 80). The 
prepared nanoemulsion) was stable up to 30 days. The average particle size of the 
nanoemulsion was 52±10 nm. The formation of saponin stabilized nanoemulsion was 
confirmed by transmission electron microscopy. Exposure to UV light (254 nm) of the 
quercitin (QT) trapped nanoemulsion as compared to water/ethanol indicated higher 
stability. The degradation rate was found to decrease from 9±1%, 11 ±1% at pH 7.4, 8.0 
respectively as compared to 42±2 % in water/ethanol system. Attempt has also been 
made to study the interaction of QT with two different bile salts (sodium cholate and 
sodium taurocholate) and free radical scavenging activity of QT and curcumin are 
compared in nanoemulsion. Free radical scavenging activity of DPPH radicals with 
different antioxidants (quercitin and Curcumin) was also carried out in nanoemulsion. 
The IC50 Value of quercitin, curcumin and ascorbic acid are 28.88±1, 45.53±2 and 
51.51±2 μM respectively. The values of binding constant for sodium cholate (NaC) and 



sodium taurocholate (NaTC) are 2.66×105 and 2.72×104 M-1 respectively. Sodium 
cholate (NaC) was found to show strong interaction towards quercitin due to more 
electron density on oxygen atom of carboxlate ion. 
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Hydrodynamics of water-in-bitumen emulsification 

Sasan Mehrabian3, sasan.mehrabian@mail.utoronto.ca, Edgar J. Acosta1, Samson 
Ng2. (1) Department of Chemical Engineering and Applied Chemistry, University of 
Toronto, Toronto, Ontario, Canada (2) Syncrude Canada Ltd., Edmonton, Alberta, 
Canada (3) Department of Mechanical and Industrial Engineering, University of Toronto, 
Toronto, Ontario, Canada  

In this work, potential mechanisms for the formation of sub-micron water-in-bitumen 
emulsions and possible methods to eliminate them have been studied systematically 
using a high-speed rotor-stator homogenizer. High speed videos of the flow near the tip 
of the rotor-stator were used to characterize the hydrodynamics of drop breakup using 
an image-processing technique. It was determined that the formation of sub-micron 
water-in-bitumen emulsions depends on viscosity ratio between water (dispersed 
phase) and the diluted bitumen (continuous phase), and the capillary number calculated 
on the basis of the maximum shear conditions experienced at the tip of the 
homogenizer. The effect of different operating parameters such as mixing speed, 
solvent content, process water pH, water content, and the effect of bitumen species 
(e.g. asphaltenes and naphthenic acids) on the formation/elimination of fine water drops 
in bitumen will also be discussed. 
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Supramolecular structural forces in stratifying foam films and micelle 
aggregation number 



Subinuer Yilixiati, syilix2@uic.edu, Yiran Zhang, Rabees Rafiq, Vivek Sharma. 
Chemical Engineering, University of Illinois at Chicago, Chicago, Illinois, United States  

Understanding and controlling the drainage kinetics of thin films is an important problem 
that underlies the stability, lifetime and rheology of foams and emulsions. Foam films 
containing micelles, colloidal particles or polyelectrolytesurfactant mixtures exhibit step-
wise thinning or stratification, due to the influence of non-DLVO forces, including 
supramolecular oscillatory structural forces. In this study, we use experiments and 
theory to investigate the drainage and stratification in vertical and horizontal thin foam 
films (<100 nm) formed by aqueous sodium dodecyl sulfate (SDS) solutions. We 
determine how the concentration of surfactants and added salt influences the stepwise 
thinning process for micellar solutions, and how step size can be used for estimating 
micelle size and interactions. The concentrationdependent aggregation number 
extracted from our experiments match-up reasonably well with values obtained by other 
techniques including scattering and fluorescence. 
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Step-growth “clickable” polymeric monodisperse microspheres 

Chen Wang2, chen.wang-1@colorado.edu, Christopher Bowman1. (1) UCB 596, Univ of 
Colorado, Chemical Biological Eng, Boulder, Colorado, United States (2) Chemical & 
Biological Engineering, University of Colorado Boulder, Boulder, Colorado, United 
States  

Step-growth polymers have been rarely used in the preparation of polymeric particles, 
mainly due to the low efficiency and the intolerance to aqueous/alcohol media of 
conventional condensation/addition reactions. Herein we demonstrate the 
implementation of “Click” chemistries in heterogeneous polymerizations, for the 
realization of monodisperse microspheres from step-growth polymerizations. We have 
systematically investigated thiol-Michael addition polymerization among various 
monomers, and achieved monodisperse microspheres with diameters ranging from 0.8 
to 10 microns. Compared with conventional free-radical chain-growth polymers 
(polystyrene, for example), these microspheres present well-defined physiochemical 
properties, and more importantly they can be in situ functionalized with “clickable” 
reactive moieties simply by off-stoichiometric reactions. We have been able to 
incorporate particular functional groups that endow these particles with degradablility, 
photo-responsiveness, crosslinking to macrogels, mechanical adaptability, etc. We 
believe these materials provide a new platform for the colloidal research community in 
understanding colloidal molecules and colloidal dispersions, as well as engineering 
advanced materials. 
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Characterizing the surface coating of silver nanoparticles made from plant 
extracts 

Benjamin D. Smith, smithbd@gmail.com, Zachary Gobert, James Krug, David Wolfe. 
Chemistry, Saint Francis University, Loretto, Pennsylvania, United States  

Plants contain hundreds of chemicals that can serve as naturally-sourced, green 
reagents. Aqueous plant extracts (e.g., brewed tea) are increasingly being used in 
nanoparticle syntheses. While literature reports of these syntheses clearly describe 
particle formation, often only minimal characterization of the particles is completed (that 
is, the size and shape of particles is solely determined). While size and shape are 
important characteristics, the identity of the chemical(s) coating the particles often 
remains unknown. Our work uses spectroscopy to probe the identity of the stabilizing 
ligands on greenly-synthesized nanoparticles. To that end, we synthesized many 
batches of nanoparticles with teas and other plant extracts. We then examined the 
particles using UV-Vis, infrared, and nuclear magnetic resonance spectroscopy. 
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Surface properties of caesium contaminated clays and routes for separation 

Huagui Zhang1, prehz@leeds.ac.uk, Seoyeon Baik2, Timothy Hunter1, Jae W. Lee2, 
David Harbottle1. (1) School of Chemical and Process Engineering, University of Leeds, 
Leeds, United Kingdom (2) Chemical and Biomolecular Engineering, Korean Advanced 
Institute of Science and Technology, Daejeon, Korea (the Republic of)  



The nuclear industry faces many challenges associated with the clean-up and 
remediation of contaminated land. While process fluids are often decontaminated using 
ion-exchange operations, their capacity is not suited to remediate groundwater and 
contaminated land, hence an alternative processing route is needed. The current study 
is considering froth flotation as a new approach to treat large volumes of aqueous and 
particulate wastes. The first phase of the study considers the uptake of cesium ions in 
common clays: kaolinite, illite and montmorillonite. Multi-stage sorption isotherms were 
determined across a wide range of cesium concentrations (10-5 – 0.5 M), in which the 
low concentration (ca. <0.01 M) adsorption can be well described by Langmuir-type 
models. Experimental results confirmed the cesium adsorption capacity in the following 
order: montmorillonite, illite and kaolinite, with the adsorption potential associated to the 
higher cation exchange capacity of montmorillonite. The effects of water chemistry (pH 
and competing ions) on the cesium uptake and time-dependent stability were also 
examined. Interestingly, at higher cesium concentrations a charge reversal effect was 
measured, and it is this response that is currently being exploited to separate 
contaminated particles from uncontaminated particles. Work is also ongoing to design 
carbon/ iron oxide composite particles with a high surface area to extract cesium and 
strontium from groundwater prior to recovery by froth flotation. 
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Behavior of metallodielectric Janus particles under direct current electric fields 

Carlos Silvera-Batista, silverabat@yahoo.com, Michael J. Solomon. Chemical 
Engineering, University of Michigan, Ann Arbor, Michigan, United States  

Anisotropic colloids (e.g. ellipsoids, dumbbells, and dimers) have shown interesting, 
field-induced dynamics that can be harnessed in active systems. Janus particles (JPs), 
in particular, have been an important model system for active motion due to asymmetric 
flows caused by induced charge electroosmosis or electrohydrodynamics. To date, 
most studies have focused on the behavior of these particles in alternating current (AC) 
fields at high frequency. The advantages of AC fields are the possibility of applying 
larger field magnitudes at high frequencies and the minimization of the effect of 
Faradaic reactions. The alternative paradigm is to apply direct current (DC) fields, which 
have the advantages of creating gradients in osmotic pressure that result in rapid 
concentration of colloids. In this work, we explore the behavior of metallodielectric JPs 
under DC electric fields. The fields are applied in cells that consist of two ITO slides 
separated by a dielectric spacer. According to electrophoresis theory, negatively 
charged JPs should migrate to the positive electrode. However, when a positive 
potential is applied at the bottom electrode, JPs rapidly moves upwards until reaching 
levitation heights of tens of microns. While levitating, JPs also move toward each other 
forming clusters if given enough time. The velocity and the final levitation height of JPs 
depend on the magnitude of the field. In contrast to JPs, uniform dielectric colloids and 
symmetric metallodielectric particles move towards the electrodes, which reveals the 
asymmetric surface properties of JPs as a determining factor. The study of JPs under 



DC fields opens new possibilities that can be exploited in directed assembly and active 
systems. 
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The effect of carbon nanotube parameters on their phase behavior in super-acid 
solutions 

Lucy Liberman1, lucyliber@gmail.com, Olga Kleinerman1, Yeshayahu Talmon1,2. (1) 
Chemical Engineering, Technion-Israel Institute of Technology, Haifa, Israel (2) Russell 
Berrie Nanotechnology Institute (RBNI), Technion-Israel Institute of Technology, Haifa, 
Israel  

On the molecular level, carbon nanotubes (CNTs) exhibit excellent mechanical, thermal 
and electrical properties, combined with low density. This unique-feature combination 
makes CNTs ideal candidates for processing multifunctional macroscopic fibers. 
However, translating the unique characteristics of a single molecule into macroscopic 
material is challenging. 
The most significant limitation that prevents wide-scale use of CNTs in applications is 
the difficulty of dispersing CNTs to form thermodynamically stable solution, free of 
aggregates or bundles. Recently it was discovered that CNTs spontaneously dissolve in 
chlorosulfonic acid (CSA), forming a molecular solution, and at high concentrations form 
a lyotropic liquid crystalline nematic phase. Alignment of CNTs in a solution is essential 
to achieve the best properties in a CNT-based macroscopic material. 
CNT parameters, such as length, diameter, number of walls, and degree of purity, 
dictate CNTs solubility in acid, phase transition concentration from isotropic to biphasic, 
where isotropic and nematic phases coexist, CNTs arrangement in the biphasic, and the 
fully nematic phase. Understanding the influence of CNT parameters on the CNT/CSA 
system phase behavior is of great importance. Specifically, the formation of liquid 
crystalline phase, is necessary for designing a successful CNT fluid-phase process for 
production of fibers, while preserving CNTs’ unique molecular properties. 
In this study we characterize CNT/CSA solutions with different CNT parameters, such 
as length and diameter, by a combination of polarized light microscopy and cryogenic 
electron microscopy. Results demonstrate that solutions with higher aspect ratio CNTs, 
phase separate at much lower concentrations (Fig. 1), in agreement with Flory's rigid-
rod theory. In addition, there is a difference in nematic phase morphology as a function 
of aspect ratio, by means of CNTs arrangement within the ordered phase. 

 



 
 
Figure 1: Cryo-TEM images of (A) short HiPco SWNTs at 250 ppm in isotropic solution (phase 
separation occurs at 1400 ppm). (B) long Meijo SWNTs at 100 ppm in bi-phasic solution (phase 
separation occurs at 100 ppm). Bars correspond to 100 nm. 
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High-gradient magnetic filtration of uranium oxide particles 

Alexander Wiechert1, Joanna McFarlane2, Catherine Mattus2, Daniel Schaeffer2, Sotira 
Yiacoumi1, Costas Tsouris2, tsourisc@ornl.gov. (1) Georgia Institute of Technology, 
Atlanta, Georgia, United States (2) Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, United States  

This study describes the effectiveness of High Gradient Magnetic Filtration (HGMF) for 
the selective capture of uranium oxide particles from suspensions. Two sets of 
experiments were performed to evaluate the importance of size on the capture of 
uranium oxide particles. The first considered two batches sieved into 0-5, 5-10, 10-15, 
and 15-20 mm particle sizes, while the second was performed using two suspensions 
with diameters smaller than 1 mm and between 1.0 and 1.5 mm. Iron oxide 
experiments, with particles between 0.3 and 0.8 mm, were performed for calibration 
purposes. In all experiments, a surfactant (Triton-X100) was used to prevent particle 
aggregation and limit the influence of non-magnetic capture mechanisms. A magnetic 
field of approximately 1 Tesla was generated using a water cooled electromagnet. 
HGMF was performed using tubular filters packed with ferromagnetic wire. Of the initial 
four uranium-oxide particle sizes, magnetic capture was only observed for 0-5 µm 
particles, while larger particles experienced no magnetic and minimal total capture. For 
particles with diameters smaller than 1 mm and between 1.0 and 1.5 mm, capture 
efficiencies increased by 39 ± 9% and 34 ± 6% respectively, solely due to the magnetic 
field. These results suggest that Brownian diffusion, which is influential for micron sized 
particles, is acting in conjunction with other capture mechanisms to influence the 
efficacy of HGMF for uranium oxide. This important finding underscores the 



effectiveness of Brownian diffusion in increasing the collision rate of particles with the 
collector wire. Although the magnetic force is proportional to particle diameter the 
capture efficiency decreased, as diameter increased, because Brownian diffusion 
decreases with increasing particle size. A stochastic trajectory model was developed to 
incorporate the influence of Brownian motion on particle behavior and filter removal 
efficiency. Model results will be discussed and compared for uranium and iron oxide 
particles. 
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Magnetofluidic tweezing of nonmagnetic colloids 

Jaakko V. Timonen1, jaakko.timonen@aalto.fi, Ahmet F. Demirors2, Bartosz 
Grzybowski3. (1) Harvard John A. Paulson School of Engineering and Applied Sciences, 
Harvard University, Cambridge, Massachusetts, United States (2) ETH Zurich, Zurich, 
Switzerland (3) IBS Center for Soft and Living Matter and the Department of Chemistry, 
Ulsan, Korea (the Republic of)  

Optical and magnetic tweezing of microscale and nanoscale objects such as colloids, 
cells and viruses has proven impactful in several areas of fundamental and applied 
research. However, these tweezing techniques are known to fail under certain 
conditions: optical tweezers cannot produce forces when the refractive index contrast 
between the target particle and the surrounding medium vanishes, and magnetic 
tweezers function only when the target object/cell is tagged with small magnetic 
particles. In addition, even small optical absorbance can cause significant heating in the 
case of optical tweezers. Here, we demonstrate a new magnetic tweezing method that 
avoids these problems. The method relies on a coaxial 
tungsten(core)/supermalloy(shell) “micropen” that is magnetized/demagnetized by an 
external electromagnet. When magnetized, a magnetic trap is created under the 
micropen for nonmagnetic objects in a paramagnetic liquid. By adjusting the field 
strength and/or the micropen’s shape, we can trap, move, rotate, and release individual 
colloids (ca. 1–50 μm in size) in 2D and 3D. We can also manipulate entire colloidal 
formations and study localized phase transitions between hard sphere colloidal gases, 
liquids, and crystals in a reversible manner. Magnetofluidic tweezing is a versatile 
technique complementary to the well-established optical and magnetic tweezing 
methods, especially since trapping uses small external fields (0.5–20 mT), offers large 
(nN) forces, does not require magnetic tagging and because heat generation in the 
sample is minimal 

 



 
 
Magnetically tweezed crystal of 3.2 μm SiO2 colloids in a water-DMSO mixture containing 
paramagnetic holmium salt. 
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Finite particle zeta potentials at high ionic strength 

Astha Garg, astha.iitb@gmail.com, Charles Cartier, Kyle Bishop, Darrell Velegol. 
Chemical Engineering, Pennsylvania State University, University Park, Pennsylvania, 
United States  

Zeta potential and electrokinetic behavior at high ionic strength (eg, 5M) are crucial for 
predicting electrostatic and electrokinetic effects in many physiological, oceanic and 
geological systems. There is at present a lack of systematic data on zeta potential at 
high ionic strength, as well as of techniques to measure the zeta potential for particles 
of interest. We present zeta potential measurements of model polystyrene latex (PSL) 
microparticles with different surface functionalizations upto saturation in LiCl, NaCl, KCl 
and KBr. Measurements were done using a homemade AC electrophoresis (300 Hz) 
setup and high speed video microscopy. Our measurements for sulfated PSL particles 
show that particle mobilities decay linearly towards zero with increasing salt but 
interestingly, the smoluchowski zeta potentials reach a constant value. Zeta potentials 
as high as -35 +- 7 mV can be obtained on sulfated PSL at 4 M LiCl, and that the zeta 
potential depends not only upon surface functionalization but also on salt type. These 
measurements will be crucial for understanding electrokinetic effects such as 
diffusiophoresis and the structure of the electrical double layer at high ionic strength. 



Zeta potential measurements at these high ionic strengths opens possibilities for 
electrokinetic transport in geological reservoirs for enhanced oil recovery, physiological 
systems for controlled transport, and even mineral replacement reactions in salt crystals 
for mineral extraction. 

 

 
 
Zeta potential of sulfated Polystyrene Latex particles in various salts, calculated using 
Smoluchowski's equation 
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We quantify the diffusiophoresis of a uniformly charged, spherical colloid using modified 
Poisson-Nernst-Planck (PNP) equations that account for steric repulsion between finite 
sized ions through the Bikerman lattice gas model and the Carnahan-Starling model for 
hard spheres. We compute the diffusiophoretic mobility using an asymptotic approach 
for thin diffuse layers, where ion steric effects are greatest and limit the counter-ion 
density in the diffuse layer. While the (PNP) equations predict a reversal in the mobility 
for particle migration in certain electrolytes, we find that ion sterics essentially eliminate 
this reversal and increase the mobility relative to the classical results. This finding is 



relevant to phoretic migration in high salinity solutions where ion steric effects are 
expected to be strong. 
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Mohmed Mulla1, pmmam@leeds.ac.uk, Olivier Cayre1, Simon Biggs2. (1) Institute of 
Particle Science and Engineering, University of Leeds, Leeds, United Kingdom (2) 
Faculty of Engineering, Architecture & Information Technology, The University of 
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Nanoparticles are widely used in ink formulations as they offer some very desirable 
advantages, including a long shelf life due to the high stability of the dispersions, and 
controllable jetting behavior. We have prepared a high solids content, sub 100 nm 
monodisperse latex particles to be used as model inks. 
 
Highly concentrated (up to 45 wt.% solids content) stable poly(methyl methacrylate) 
(PMMA) latex particle dispersions have been prepared via emulsion polymerization. 
More specifically a chain transfer agent has been utilized to enhance particle nucleation 
efficiency, aiding the preparation of polymer particles with a narrow weight distribution 
and increased monodispersity. We show how, high polymer concentrations can be 
achieved with a relatively low emulsifier concentration, without sacrificing the colloidal 
stability of the dispersions. Waterborne nanoparticles around 50 nm have been obtained 
with a 45 wt.% solids content, with a monodisperse size distribution. 
 
The particle dispersions were then used as model fluids to examine the inkjet printing 
(IJP) behavior, as a function of the effective particle concentration, which is then related 
to the shear and extensional rheology. We show how the inkjet printing behavior can be 
tuned with viscosity, solvent type and the effective volume fraction. The addition of non-
adsorbing polymer (polystyrene sulfonate (PSS)) to the PMMA dispersions was also 
found to affect the IJP behavior, in that the formation of satellite drops, ligament length 
and velocity of ejected drops was affected. 

 

 



 
SEM image of 70 nm latex particles, scale bar is 500 nm 

 
 
Typical IJP profiles, obtained with the use of a 50 μm nozzle 
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Jihye Choi, onnee@snu.ac.kr, Hyomin Lee, Seok Young Son, Ho-Young Kim, Sung 
Jae Kim. Seoul National University, Seoul, Korea (the Republic of)  

The electrodynamics of charged molecules by a predominant counter-ion flux through a 
permselective membrane has been extensively researched for practical 
micro/nanofluidic applications such as energy harvesting device, biomolecular 
preconcentrator and electro-desalination/purification device, etc. It has been known that 
analyte molecules are drifted to an equilibrium position where a convective flux and an 
electrophoretic flux should balance as described in Figure (a). However, as shown in 
Figure (b), the molecules usually propagated toward the bulk reservoir (right side in the 
figure) so that the unsettled identification of the positions has led inaccuracy in those 
applications. In this work, we investigated the detailed spatiotemporal electrodynamics 
of the analytes near the membrane. Depending on the electrophoretic mobility of 
analyte, two distinct regimes were experimentally observed as depicted in the insets of 
Figure (c) and the regimes were named as propagating (i.e. the analytes were 
accumulated and migrated simultaneously.) and stacking regime (i.e. the analytes were 
pinned near the membrane while their tails expanded), respectively. Using the regular 
perturbation method and the local electroneutral assumption, the criterion between the 
two regimes (solid line in Figure (c)) was obtained as a function of the electrophoretic 
mobility, the Peclet number, and the ionic current density. Moreover, the propagating 
velocity was changed when multiple analytes were introduced due to the electroneutral 
interaction between each analyte. Consequently, these results would play a key role in 
enhancing accuracy of the practical nanofluidic applications through elucidating 
comprehensive spatiotemporal electrodynamics. 

 



 
 
Figure. (a) The schematic of the spatiotemporal electrodynamics of charged analyte near a 
permselective membrane. (b) The propagating plug of Alexa 532. (c) Theoretically investigated 
regime equilibria. Insets: experimentally observed propagating (Alexa 532) and stacking plug 
(SRB). 
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Hyekyung Lee1, lefantome@snu.ac.kr, Hyomin Lee1, Junsuk Kim1, Hyeonsoo Kim1, 
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Over the past decade, a nanofluidic diode which rectified ionic current (i.e. greater 
current in one direction (forward bias) than in the opposite direction (reverse bias)) has 
been drawn significant attentions in biomolecule sensor, switching and energy 
harvesting device. For obtaining the current rectification, the conventional nanofluidic 
diodes utilized the nanoscale asymmetry of electrokinetic properties such as nano 
channel geometry, surface charge density, and reservoir concentrations, etc. However, 
these diode have critical limitations of (1) the requirements of highly sophisticated nano-
fabrication steps and (2) a low (even no) rectification ratio in high concentration ranges. 
In this work, we demonstrated the new concept of micro/nanofluidic diode only using 
microscale asymmetry of ion concentration polarization (ICP) layer. The side channels 
installed at the drain channel (Figure a) played as a volume controller of ICP layer, 
leading to a microscale asymmetry. Using the device, the current rectifications based on 
microscale asymmetry were successfully demonstrated (Figure b and c) at the wide 
range of electrolytic concentration as a function of the volume ratio of ICP layer. 
Noteworthly, it was confirmed that the rectification ratio was independent from the bulk 



concentration due to nanoscale asymmetry was eliminated in this device. Numerical 
simulations were also conducted to elucidate the rectification mechanism. 

 

 
 
Figure. (a) Microscopic image of micro/nanofluidic diode using asymmetric volume of ICP 
layer. (b) I-V responses of a microscale asymmetric diode measured at 1mM KCl. (c) 
Microscopic images of depletion zone propagation at reverse bias (VS >VD ) and forward bias (VS 
<VD ). 10 μM KCl solution was filled and the voltage differences were 0 V, 2 V, 4 V, 6 V, 8 V 
and 10 V for each row. 
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Samira Abedi, samira.abedi@ttu.edu, Siva A. Vanapalli, Chauchyun Chen. Texas Tech 
University, Lubbock, Texas, United States  

Comprehensive studies of phase equilibria of CO2 in various aqueous electrolyte 
solutions are important to many applications such as CO2 capture, storage and 
sequestration. Microfluidics (MF) can be a valuable tool for investigation of CO2 mass 
transfer and solubility in electrolyte solutions, due to its superior mass and heat transfer, 
well-defined gas-liquid interfacial areas and the ability to vary reagent concentrations in 
a high-throughput manner. Uniformly sized bubbles of CO2 were isothermally generated 
in co-flowing liquid streams with different compositions within a microfluidic platform and 
the evolution of the bubble lengths was followed visually. The solubility of CO2 in the 
solutions was obtained using the mass transfer model of dissolution, based on the 
evolution of bubble size along the microchannel. Measurements of CO2 solubility in 
aqueous electrolyte solutions (NaCl, KCl, MgCl2 and CaCl2) at 298.15 K were performed 
in a microfluidic platform. The results of this work are in good agreement with existing 
data and electrolyte-NRTL thermodynamic model. 
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Nanofluidic resistive pulse sensing in aqueous two-phase system 



Sang Jun Lee1,2, Jiyoon Kang1, Wonjoon Choi2, Rhokyun Kwak1, rhokyun@gmail.com. 
(1) Center for BioMicrosystems, Korea Institute of Science and Technology, Seoul, 
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Nanofluidic resistive pulse sensing (RPS) has been extensively utilized to characterize 
nanoparticles in electrically conducting solutions. Although there is an enormous 
amount of studies, nanofluidic RPS still suffers from intrinsic problems with a solid-state 
nanopore, i.e., extremely low particle-to-pore volume ratio (< 0.01%), which induces low 
signal magnitudes, and fast nanoparticle translocation (< 1 μs). Here, we apply aqueous 
two-phase system (ATPS) in a nanofluidic RPS platform, and demonstrate that this 
ATPS amplify translocation signals (< 10-fold) and delay translocation speeds (< 10-
fold). Two immiscible aqueous liquids form a liquid-liquid interface inside a nanopore. 
As particles translocate from high-affinity liquid phase into lower-affinity one, high-
affinity liquid wraps the particles. This conformal coating increases an effective particle 
size and amplifies the blockage current signal. At the same time, translocation time is 
elongated as the ATPS interface impedes the particle translocation. Combining scaling 
analysis and experiments with polystyrene bead (20-200 nm) and PEG/DEX ATPS, we 
characterize i) the escape velocity of nanoparticles at the interface, ii) Couette flow 
during the particle translocation, and iii) the conformal coating thickness a~R1/2 (R: 
particle radius). Consequently, the resistive pulse in ATPS enhances by the volume 
factor ~(1+a/R)3 than that in a single-phase liquid. In a wide perspective, this ATPS-
RPS platform can improve sensing performances of commercial Coulter systems. 

 



 
 
(a) Single pulses of 100 nm particle translocation in PEG-1phase and PEG/DEX. The current is 
normalized by the baseline value: 160.73 nA for PEG-1phase and 141.44 nA for PEG/DEX. 
Inset images indicate the particle location according to the pulse. (b) Averaged SBR and 
tranlocation time in PEG-1phase and PEG/DEX. The accumulated data well follow Gaussian 
distribution (inset images). 
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Coupling microfluidic technology with advanced protein crystallography techniques for in 
situ analysis is an area of research where significant advances can be made. 
Microfluidic platforms have the benefit of enabling experiments at small volumes while 
creating an environment free of inertial or convective effects and providing exquisite 
control over local conditions and gradients. A significant problem in microfluidic-based 
crystallography is background scatter, resulting from the interaction of X-rays with the 
device materials, which reduces the signal-to-noise ratio and may prevent the analysis 
of small or weakly diffracting crystals. These challenges can be overcome by 
decreasing the overall device thickness. Graphene is an atomically-thin layer that can 
act as an X-ray compatible window material with negligible contributions to background 
scattering. Additionally, the remarkable mechanical strength and gas impermeability of 
graphene further enhance its utility for integration into microfluidic devices for protein 
crystallography. To facilitate handling and incorporation of graphene films into a 
microfluidic chip, we utilize graphene attached to a ~500 nm PMMA supportive film 
using standard CVD-graphene transfer techniques. We have evaluated the ability of 
graphene-PMMA films to protect against sample dehydration over time, along with 
various hydrophilic surface treatments to facilitate surface wetting in microfluidic 
channels. The potential for these ultra-thin devices to enable data collection from 
microcrystals was evaluated using serial Laue crystallography of caspase-7, a member 
of the cysteine aspartate family of proteases that regulate apoptosis, or programmed 
cell death. This work demonstrates the utility of ultra-thin graphene-PMMA films as a 
sub-micrometer level barrier against dehydration in microfluidic devices while enabling 
the collection of high quality X-ray diffraction data on biomedically important proteins. 
Our ultimate goal is to utilize graphene-based microfluidic technologies and serial 
crystallography to enable the use of chemical triggering for the time-resolved structural 
analysis of additional biologically and biomedically-relevant protein targets. 
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Mohtashim H. Shamsi, mshamsi@siu.edu. Chemistry and Biochemistry, Southern 
Illinois University Carbondale, Carbondale, Illinois, United States  

Wax printing has recently become popular for its microfluidic application, such as paper-
based diagnostic devices. Although such devices normally comprise cellulose paper, 
sensitivity of wax to substrates of different surface properties and temperatures may 
compromise the fidelity of the wax patterns. Here, we report printing of wax 
micropatterns (channels and lines) on various substrates, i.e. fibrous laser paper (A4), 
multilayered photopaper (PPP), and modified polyethylene terephthalate (mPET). The 
wax micropatterns of different sizes were studied under optical microscope and 
scanning electron microscope to measure the widths in x-y plane and thicknesses in z-
axis, respectively, at various temperatures. Measured widths of the micropatterns were 
compared with the printed widths using M/P ratio. When the patterns were printed from 
10 μm to 120 μm, M/P ratio decreased from 4 to 1 for channels and 14 to 2 for lines 
indicating the lowest consistent printing widths were ~120 μm for channel and ~240 μm 



for lines. Moreover, printing in horizontal fashion causes ~33% increase in line width, 
while ~31% decrease in channel width. When mPET and PPP were heated up to 120 
oC, there was no significant difference in M/P ratio of lines before and after heating, 
while channels remained open after heating. In contrast, M/P ratio of lines increased 3x 
while channels were closed for A4 substrate at 120 oC due to deep penetration of wax 
into porous and fibrous structure of the paper. The thicknesses of the wax micropatterns 
were also substrate dependent, i.e. PPP ~20 μm, A4 ~14 μm, and mPET ~10 μm; which 
decreased to ~4 μm, 0 μm, and ~2 μm at 120 oC, respectively. This study suggest that 
PPP and mPET substrates can be used to make robust multilayered wax printed 
devices in combination with other printing techniques. 
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National University of Singapore, Singapore, Singapore  

The effectiveness of nanoparticulate-based systems for biomedicine depend on their 
ability to migrate out of vasculature towards the target tissue. This is determined by their 
permeability across the endothelial barrier and is dependent on many factors such as 
size. Unfortunately, a quantitative study of the permeability coefficients of nanoparticles 
(NPs) is difficult with in vivo models that do not allow easy systematic tunabilty of 
vascular permeability. Furthermore, in vivo models are generally expensive, complex, 
time consuming and heterogenous in nature. Here, we describe such a quantitative 
study that utilizes a relevant model of vascular-tissue interface based on microfluidics 
with tunable endothelial permeability in vitro. Human umbilical vein endothelial cells 
(HUVECs) grown in microfluidic devices were treated with different concentrations of 
Angiopoietin 1 (Ang-1) and cyclic adenosine monophosphate (cAMP) to vary 
permeability of the monolayer. Diffusional permeability coefficients (Pd) of fluorescent 
polystyrene NPs (PS) of different sizes were determined from image analysis of their 
fluorescence intensity when diffusing across the HUVECs monolayer. Using 70 kDa 
dextran as probe molecule, untreated HUVECs yielded a Pd similar to murine tumour 
vasculature while HUVECs treated with 25 μg/mL cAMP had Pd similar to normal 
human physiological vasculature in vivo. As the size of PS increased, its Pd decreased 
in tumor vasculature, but remained largely unchanged in normal vasculature. As such, 
the tumor-to-normal Pd ratio decreased with increasing size of PS, demonstrating tumor 
selectivity of smaller NPs. Such a microfluidic model of vascular-tissue interface allows 



a quantitative evaluation of the extravasation potential and tumor selectivity of 
nanomedicine-based systems for tumor targeting. 
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Semiconductor quantum dots (QDs) are effective fluorescent donors in Förster 
Resonance Energy Transfer (FRET)-based biosensors because of their high quantum 
yields (QYs) and narrow, tunable emission peaks. The broad QD absorption spectra 
enables donor excitation far from the acceptor excitation peak, reducing crosstalk due to 
direct acceptor excitation. Furthermore, the nanoparticle scaffold structure in QD-
centered FRET devices allows for the binding of multiple acceptor moieties per QD 
donor, yielding energy transfer efficiency gains. The design of QD-based FRET devices 
incorporates colloidal chemistry, ligand exchange to facilitate water-solubility, and 
bioconjugation for functionalization. Optimization of the coating and bioconjugation is 
challenging because the coatings that best maintain the high QD QY (amphiphilic 
polymers that preserve the native, hydrophobic surface ligands) extend the donor-
acceptor distance through their bulk and preclude the self-assembly of biomolecules to 
the QD surface via histidine-tag binding. Maintaining high QD QYs typically involves 
applying a thin semiconductor shell and thick polymer coating to the QD core. We 
investigate the use of QDs comprising a thick semiconductor shell and thin dative 
ligands as a way to both maintain high QD QYs and reduce the donor-acceptor distance 
for enhanced FRET efficiencies. CdSe/CdS core/shell QDs with shell thicknesses 
ranging from 0-16 atomic monolayers were synthesized, transferred into aqueous 
solution using a zwitterionic thiolated ligand, and characterized. Their relative suitability 
for FRET assays was assessed as a function of shell thickness, and a model enzymatic 
cleavage assay demonstrated. Our results indicate that careful generation of thick 
semiconductor shells produces QDs with superior qualities for use in FRET-based 
bioassays. 
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Dual stimuli-sensitive mixed polymeric micelles (MM) were developed for co-delivery of 
chemotherapeutic agent and tumor suppressor microRNA (doxorubicin (Dox) and 
miRNA-34a, respectively) into cancer cells. The novelty of the system resides in the use 
of two stimuli-sensitive prodrugs. First, a matrix metalloproteinase 2 (MMP2)-sensitive 
Dox conjugate produced by a NHS esterification method. Second, a reducing agent 
(glutathione, GSH)-sensitive miRNA-34a conjugate obtained by S-S coupling reaction. 
Both conjugates self-assemble in a single particle recovered by a polyethylene glycol 
corona, which allows long-circulation of the system. Drug load of the conjugates was up 
to 10 µg of Dox/mg of conjugate and 360 µg of miRNA-34a/mg of conjugate. Enzymatic 
digestion assay and mass spectrometry analysis confirmed the stimuli-sensitivity 
proposed. Hydration of a polymeric film of both conjugates combined allowed the 
formation of a single population of MM (P.I. ≤ 0.2) in average size of 15 nm. The MMP2-
sensitivity of the system promoted cell-specific cytotoxicity. Treatment of MMP2-
overexpressing HT1080 cells (human soft tissue sarcoma) resulted in 3-fold higher 
cytotoxicity compared to low MMP2-expressing MCF7 cells (human breast carcinoma). 
Addition of a cell-penetrating peptide (TATp) to the formulation enhanced intracellular 
delivery of Dox by more than 70%. MMP2-sensitive MM also inhibited proliferation and 
migration of HT1080 cells in vitro. GSH-sensitive MM efficiently reduced expression of 
anti-apoptotic (Bcl2, survivin) and angiogenic (notch1) genes (65%, 55% and 46%, 
respectively) in HT1080 cells. Combination of both conjugates in dual sensitive MM 
resulted in even lower levels of Bcl2 and survivin as well as reduced HT1080 cell 
viability to 40%. Finally, 50% of cell death was observed in 3D spheroid model of soft 
tissue sarcoma. The data reinforces the potential of the dual stimuli-sensitive MM to co-
deliver miRNA and chemotherapeutic drug into tumor cells, which should be especially 
beneficial for the treatment of multidrug-resistant tumors. 
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Biologics are the most rapidly growing segment of the pharmaceutical market, however 
there are still unmet needs in delivery. Nanoparticle and microparticle formulations of 
peptide and protein therapeutics have been developed in an effort to prolong release, 
target tissues of interest, and evade degradation and immune responses. Current 
particle-based formulation technologies are limited in their encapsulation efficiencies, 
maximum loadings, and ability to maintain sustained release. We have adapted Flash 
Nanoprecipitation (FNP), a nanoparticle synthesis method traditionally used in the 
formulation of hydrophobic therapeutics, to the formulation of hydrophilic therapeutics 



including biologics. Here we discuss important processing parameters in our new FNP 
system, and demonstrate the synthesis of both nanoparticles and microparticles with 
high loadings and encapsulation efficiencies compared to other formulation 
technologies. 
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Organogels made with low molecular-weight gelators (LMWG) are soft materials with 
potential applications as delivery systems for lipophilic active ingredients. In this work 
we explored the idea of integrating the concepts of self-emulsifying delivery systems 
and LMWG phytosterol-based organogels to produce a new type of organogel that 
could self-disperse when exposed to an aqueous phase. We further explore the 
possibility of using the rate of dispersion to tune the release of lipophilic components 
dissolved in the organogel. β- sitosterol and γ-oryzanol were dissolved in a hot solution 
of ethyl caprate, lecithin and glycerol esters; previously using as a self-microemulsifying 
delivery system (SMEDS). Upon cooling, the SMEDS pre-concentrate with the 
dissolved phytosterols forms the Self dispersing organogel (SDOG). The properties of 
the SDOG (firmness, melting point, G’ and G”) were correlated to the phytosterol 
content. Upon exposure to an aqueous phase and mild agitation, the SDOG disperses 
spontaneously forming nano-sized droplets. The rate of gel erosion depends on the 
phytosterol content. The results suggest that this type of materials can be used a 
tunable-release delivery system that slower than conventional SMEDS and but faster 
than non-erodible organogels formed with the same phytosterol, but without self-
emulsifying lipids. 
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DNA origami is the nanoscale folding of DNA into molecular scale devices with arbitrary 
and exquisite spatial control over two- and three-dimensional, which have shown great 
potential in drug delivery, cancer diagnosis and many other biomedical applications. 
However, the instability and low payload loading capacity of the DNA origami restricted 



its biological applications. Here we report the fabrication of an advanced biocompatible 
nano-in-nano co-delivery platform for advancing biomedical applications. The DNA 
origami, gold nanorods and molecular targeted therapeutics are co-incorporated into pH 
responsive calcium phosphate (CaP) @phospholipid hybrid nanoparticles. Thin layer of 
phospholipid is coated onto the CaP matrix to offer better biocompatibility to the 
nanoplatform. This nanoplatform can achieve high therapeutics loading capacity, good 
biocompatibility, photothermal and pH responsive payload release with fully protection 
of DNA origami. Importantly, DNA origami reduces the multidrug resistance and 
enhances the synergism with molecular targeting drugs combination, which enhance 
multidrug resistance inhibition and promote cancer cells death. The novel nano-in-nano 
platform is foreseen to open new horizons for a variety of clinical and advancing 
biomedical applications. 

 
 

 
 
Schematic 1. The fabrication of drugs/origami/AuNRs coloaded CaP nanoparticles coated with 
DOPC. 
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Poly (N-isopropylacrylamide) (pNIPAm) is by far the most extensively studied 
responsive polymer to date. It is well known to be thermoresponsive, exhibiting a lower 
critical solution temperature (LCST) at 32 °C in water. That is, < 32 °C the polymer has 
favorable interactions with water molecules and exists as a solvated, extended random 
coil. PNIPAm-based microgels are a unique class of colloidal particles that possess high 
water content, thermoresponsivity, and desirable mechanical properties. Furthermore, 
they are capable of controlling the diffusion of compounds into and out of their network 
structure by application of various stimuli. In this study, we demonstrate that pNIPAm 
microgel-based systems can be constructed for controlled and triggered drug release 
applications. We found that confinement of the microgels in a nanocavity allows the 
release rate of a small molecule to be tuned, which can be further tuned by changing 
various properties of the devices, e.g., surface morphology and surface chemistry. We 
showed that a model drug could be released in a triggered fashion, turning on and off as 
a function of pH (among other stimuli), while offering control of the release rate. 
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Liquid fabric softeners are comprised of cationic vesicles suspended in an aqueous 
medium. Cationic polymers are often added to tune rheology, suspend benefit agents 
and/ or stabilize the suspension. The choice of polymer has a strong impact on the 
phase stability and rheology of the suspension. Here, we discuss polymer 
characterization to ensures a stable product that delights consmers over the entire 
shelflife. 
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There is a burgeoning need in materials science to program the assembly of 
macromolecules into colloids with hierarchical structure and functionality for a host of 
applications. A hallmark characteristic of biological materials is their capability to 
translate information required for dynamic self-assembly into intricate structures. A 
simple strategy to program assembly of soft matter systems is to tailor constituent 
phase behavior and interfacial energy at the building block level by rational design of 
macromolecular chemical composition and size. This approach enables investigation of 
colloidal structure-property programming with implications for a number of naturally 



occuring systems. 
 
For example, dynamic, protein-rich molecular assemblies are ubiquitous and versatile 
biological structures in cells. However, our understanding of these organized structures, 
as well as our ability to synthetically replicate them, are lacking due to the difficulty in 
recreating their complex physicochemical makeup. Here we present a simple method 
for programming diverse molecular assemblies comprised of intrinsically disordered 
proteins possessing sequences of low-complexity (SLC) within microenvironments. By 
encoding the stimulus-induced phase behavior of protein mixtures at the amino acid (i.e. 
monomeric) level, we demonstrate the reversible formation of a variety of protein-rich 
architectures, ranging from uniform nano-, meso-, and micro-scale puncta (small, 
distinct particulates) to orthogonal, multilayered granules. 
 
<!--EndFragment--> 

 

 
 
a) Subtle mutation to protein sequence (top) enables the encoded biomanufacturing of 
immiscible layer or miscible blend alloy granules from fluorescently labeled multicomponent 
protein mixtures within aqueous microdrops. b) We resolve the protein sequence-structure 
relationship to program protein granules of controllable size, structure and composition. 
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Maximum likelihood analysis of Brownian trajectories 

Raphael Sarfati, raphael.sarfati@yale.edu. Applied Physics, Yale University, New 
Haven, Connecticut, United States  

Strong and long-ranged colloidal interactions are difficult to quantify due to the intrinsic 
Brownian noise and the limited amount of data available in a single trajectory. We 
present a new method based on the principle of maximum likelihood to extract 
interaction and diffusion profiles between strongly attractive pair of particles. We 
illustrate this method with the case of micrometric spheres bound to lipid vesicles 



interacting through membrane deformations. We also discuss the analysis' capabilities 
and uncertainty based on experimental data and simulations. 
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Self-assembly of colloidal spheres on cylinder 

Nabila Tanjeem, tanjeem@fas.harvard.edu, Edvin Memet, Daniel Beller, David R 
Nelson, Lakshminarayanan Mahadevan, Vinothan Manoharan. Harvard University, 
Cambridge, Massachusetts, United States  

We study the assembly of colloidal spheres on a cylindrical surface. In our experiment, 
colloidal particles can pack together into a hexagonal lattice driven by a short-ranged 
depletion interaction. Because a cylinder has zero Gaussian curvature but can 
accommodate a finite number of particles around its circumference, we can achieve 
crystalline structures with defects that depend on the size ratio of the spheres and the 
cylinder. Defect-free packings can be chiral, depending on the ratio of the particle 
diameter to circumference. We also examine random parking of spheres on a thin wire. 
In this scenario, the spheres park irreversibly on an oppositely charged wire. We 
investigate how the parking density changes with the size ratio of the spheres to the 
wire. 

 

 
 
Crystallization of 1.3μm spheres on a cylinder 



 
 
Random parking of 2.2μm spheres on a wire 
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Field-induced assembly of superparamagnetic colloidal spheres confined in 
thermo-reversible microtubes 

Ping Liu1, liu.ping.cn.11@gmail.com, Julius W. J. de Folter1,2, Andrei V. Petukhov1, 
Albert P. Philipse1. (1) Debye Institute for Nanomaterials Science, Utrecht, Netherlands 
(2) Unilever Research and Development, Vlaardingen, Netherlands  

Molecular microtubes self-assemble from an aqueous solution of sodium dodecyl 
sulfate and cyclodextrin. These microtubes may incorporate non-magnetic colloids with 
anisotropic shapes and various materials to form ordered 1D structures.[1-2] Structural 
transformations of superparamagnetic colloids confined within these self-assembled 
microtubes are studied by systematically varying tube-colloid size ratios and external 
magnetic field directions in this work. A magnetic field parallel to microtubes may stretch 
non-linear chains like zigzag chains into linear chains. Non-parallel fields induce new 
structures including kinked chains and repulsive dimers that are not observed for 
unconfined magnetic colloids in bulk. Model calculations further confirm that tube-colloid 
size ratio significantly influences the magnetic response of confined colloids. All 
observed field-induced transformations in microtubes are reversible provided the 
microtubes are not completely filled with colloids. We also extend one microtube 
subsystem to multiple well-aligned microtubes system to achieve magnetic responsive 



2D crystallization. On application of a magnetic field before tube formation, the 
assembly of superparamagnetic colloidal chains into the microtubes was examined at 
single particle level. 
 
[1] L. Jiang, J. W. J. de Folter, J. Huang, A. P. Philipse, W. K. Kegel, A. V. Petukhov, 
Angew. Chem. Int. Edit., 52, 3364-3368 (2013). 
 
[2] J. W. J. de Folter, P. Liu, L. Jiang, A. Kuijk, H. E. Bakker, A. Imhof, A. van 
Blaaderen, J. Huang, W. K. Kegel, A. P. Philipse, A. V. Petukhov, Part. Part. Syst. 
Charact., 32, 313-320 (2015). 

 

 
 
The combination of confinement and magnetic assemblies results in novel structures that can 
deliberately be switched ‘on’ and ‘off’. 
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Modeling Janus colloid structural re-configuration 

Daniel J. Beltran-Villegas, daniel.jose.beltran@gmail.com, Yulei Zhang, Ron G. 
Larson. Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United 
States  

 
Colloidal particles can assemble into a myriad of structures by virtue of the many 
interaction forces available to them. Variable range attraction and repulsion and the 
recently explored non-isotropic character, exemplified by Janus particles, are examples 
of the versatility of colloidal particles as building blocks. A systematic approach to 



understand the assembly of Janus colloids, as a function of Janus balance and particle 
concentration is not yet available. In this work we assess the re-configurability of 
structures formed by Janus colloids by (1) determining equilibrium structures, (2) 
identifying possible traps in the structure switching process, and (3) assessing the 
speed of structure switching. Our results show conditions for stability of several 
structures, including a fluid, a lamellar, and a rotator-close packed phase. We find 
conditions for fast and reliable structure switching between the rotator close-packed and 
the lamellar phase. These findings enable the understanding of the assembly process of 
Janus building blocks and provide a framework with which to study the kinetics of 
structure change. 
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Mechanically-actuated phase transition of Janus colloids 

Hossein Rezvantalab2, rezvan@umich.edu, Daniel J. Beltran-Villegas3, Ron G. 
Larson1. (1) Univ of Michigan, Ann Arbor, Michigan, United States (2) University of 
Michigan, Ann Arbor, Michigan, United States (3) Chemical Engineering, University of 
Michigan, Ann Arbor, Michigan, United States  

We use Brownian Dynamics simulations to investigate the phase behavior of short-
range interacting Janus particles through a sedimentation equilibrium scheme. 
Depending on the interaction strength, attractive patch size, and volume fraction, three 
distinct phases are detected: fluid, lamellar, and rotator close-packed. We demonstrate 
the possibility of inducing a transition between the two solid phases, i.e. rotator close-
packed and lamellar, through lateral compression/dilation of the system. We examine 
the nature of this phase transition and construct phase diagrams based on the pressure 
anisotropy and interaction parameters. Such mechanically-actuated phase transition 
using anisotropic building blocks has potential implications in designing novel materials 
including tunable optical devices. 
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Forming diverse colloidal crystals with DNA colloids via self-assembly 

Yifan Wang1, yifanw@seas.upenn.edu, James McGinley1, John C. Crocker2. (1) 
University of Pennsylvania, Philadelphia, Pennsylvania, United States (2) Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, 
United States  

DNA coated colloids are advantageous in making different structure colloidal crystals 
through self-assembly. In our lab, novel crystal structures including CsCl, NaCl, Cu3Au, 
α-IrV, γ-CuTi, other intermedium between different crystal types and partially 
transformed crystals are prepared through a slowly quenching method, in which 
temperature goes down as 0.4 degree per hour. Specifically, we coat certain type DNA 
on to the polystyrene (PS) beads of various sizes through a swelling and deswelling 



method. At the same time, the self-complementary strands of the above DNA type are 
coated on to another batch of PS particles. The DNA type on certain kind PS particles is 
either pure or some combinations of the two. We mix two type particles at a certain 
volume ratio, heat them 5 degrees above melting temperature of DNA strands, and then 
slowly quench them. After the quench, we get nice crystals with good crystallinity which 
can be seen under optical microscope. By changing the stoichiometry of the two type 
particles, particle size ratio of two kind beads, as well as the composition of DNA 
strands on each type particles, we are able to explore new ways of making diverse 
structure colloidal crystal and get multiple types of crystals in the same sample. 
Furthermore, the transformation patterns and paths between some crystal types are 
discussed. To analyze the crystal structures and measure the exact lattice spacing and 
bond angles, crystallography can be studied via confocal microscopy. 
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Evaporation-induced nanoparticle self-assembly in polymer films 

Shengfeng Cheng2, chengsf@vt.edu, Gary S. Grest1, Mark J. Stevens1. (1) Sandia 
National Laboratories, Albuquerque, New Mexico, United States (2) Physics, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia, United States  

A critical challenge in many applications of polymer nanocomposites is to control the 
dispersion of nanoparticles in a polymer matrix. We employ large-scale molecular 
dynamics simulations to study the assembly of nanoparticles as the solvent evaporates 
from a polymer solution containing nanoparticles. Results show that the organization of 
nanoparticles in the resulting polymer film can be controlled by varying the strength of 
the nanoparticle/polymer interactions. As the solvent evaporates at a fast rate, a 
concentrated polymer skin layer forms at the surface of the film. When the nanoparticles 
are strongly wet by the polymers, after the solvent is evaporated the skin polymer layer 
entraps most nanoparticles, which assemble into multiple layers with a close-packed 
hexagonal structure. The dense layer of polymers and nanoparticles at the surface of 
the film dramatically reduces the rate of evaporation as the solvent has to transverse 
the layer to escape. If the nanoparticles are only partially wet by the polymers, then as 
the solvent evaporates, the surface layer is almost entirely made of polymers. The 
nanoparticles are largely excluded from the surface polymer layer and dispersed 
randomly in the polymer film. In this case the slowing-down of the evaporation by the 
surface layer is less dramatic. Our results point to a strategy to uniformly disperse 
nanoparticles in polymer films by combining fast solvent evaporation and less favorable 
nanoparticle/polymer interactions. Also of interest is the case of a nanoparticle solution 
in contact with polymers that are end grafted to a flat surface to form a polymer brush. 
For a relatively weak nanoparticle/brush attraction, after evaporation of the solvent the 
nanoparticles straddle the brush surface and form an ordered lattice. For a strong 
nanoparticle/polymer attraction, however, the nanoparticles are engulfed inside the 
brush and the packing quality diminishes because the lateral diffusion of the 
nanoparticles is suppressed. 
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Hierarchical surface patterns via novel evaporation induced self-assembly 
process 

Patryk Wasik1,2, pw13934@bristol.ac.uk, Christian Redeker2, Hua Wu2, Wuge H. 
Briscoe2. (1) Bristol Centre for Functional Nanomaterials, University of Bristol, Bristol, 
United Kingdom (2) School of Chemistry, University of Bristol, Bristol, United Kingdom  

Nature articulates language of shape and geometry fluently and delivers complex 
patterns and structures on all length scales with ease via self-assembly, such as regular 
stripes on butterfly wings, wind-formed rippled dunes or mesmerizing patterns of an 
ammonite shell. Fabrication of patterned surfaces with tailored morphologies is highly 
desirable in nanotechnological applications. Evaporation Induced Self-Assembly (EISA) 
is a simple yet versatile approach to generate hierarchical surface patterns, in which 
particles inside a drying droplet are arranged into a variety of structures, driven by inter-
particle forces and evaporation-induced solvent flows. The structure of the final 
deposition pattern is often controlled by manipulating parameters such as particle 
concentration, size and shape, evaporation rate, addition of polymers, and surface 
chemistry of the substrate. 
Here we present a study on a novel EISA process, via a mechanism which is very 
different from that in the commonly observed coffee-ring effect. When a droplet of ZnO 
nanofluid dries on a solid surface, upon evaporation of the volatile solvent, ZnO 
nanoparticles undergo morphological and chemical transformation to form organised 
structures composed of Zn(OH)2 nanofibres (Fig. 1). The underlying steps in this novel 
process involve initial moisture-assisted dissolution of ZnO nanocrystals and non-
classical recrystallisation of Zn(OH)2 hexagonal crystals, which further assemble to form 
fibrous structures due to convective and Marangoni flows and fingering instabilities 
induced by evaporation. We demonstrate a simple method to control the morphology of 
the ultimate residual patterns, by altering the initial dissolution process. This is 
performed by varying the crystallinity of the starting ZnO material. This novel process 
provides a rapid and cost-effective way to prepare large scale films with polycrystalline 
structures. 

 



 
 
Fig. 1. Schematic representation of the novel EISA process. 
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Patterned topological features as nucleation sites for nanowire assembly in 
applied electric field 

Sarah J. Boehm, sjb340@psu.edu, Nermina Brljak, Lan Lin, Theresa S. Mayer, 
Christine D. Keating. Penn State University, University Park, Pennsylvania, United 
States  

Ordered particle arrays often amplify the optical and electronic properties of individual 
particles, making assemblies of nanowires especially valuable as device components 
for applications including optical cloaking, solar cells and chemical sensing. Dynamic 
and reconfigurable control of nanoparticle assemblies are increasingly important for the 
development of functional materials. Electric field directed assembly is particularly 
promising because of the inherent ability to control particle placement and to anneal the 
resulting structure, resulting in fewer defects. Here, we present a hybrid top-
down/bottom-up approach that studied the effect of patterned topography on nanowire 



assemblies. Particle-particle, particle-field and particle-substrate interactions were 
investigated using silica-coated gold nanowires assembled in AC electric fields along 
with complementary Multiphysics simulations. Solid and partially etched nanowires were 
assembled in aqueous solution, between top and bottom electrodes, where the bottom 
electrode was patterned with cylindrical dielectric posts. Assemblies were monitored in 
real time via optical microscopy. Dielectrophoretic forces were manipulated through 
frequency and voltage variation, organizing nanowires parallel to the field lines, i.e. 
standing perpendicular to the substrate surface. We investigated the effects of 
patterned feature diameter and spacing as well as the effects of particle striping pattern 
on the assembly behavior. Due to the substrate topology altering the electric field 
gradient profile, particle placement and organization could be controlled. Varying the 
applied frequency enabled reconfiguration of the assembly between nanowire 
organization around post perimeters and in clusters between neighboring posts. In order 
to build hierarchical structures with switchable modality, the ability to form and rapidly 
reconfigure assemblies of functional particles at predetermined locations is essential. 
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Self-assembly of cellulose acetate nanoparticle, nanorod, and crystalline 
morphologies 

Berney Peng1, berney.peng@tufts.edu, Shajesh Palantavida2, Igor Sokolov2,1. (1) 
Biomedical Engineering, Tufts University, Medford, Massachusetts, United States (2) 
Mechanical Engineering, Tufts University, Medford, Massachusetts, United States  

Natural polymers like polysaccharides are biocompatible and robust, possessing 
exploitable hierarchical structures at both nano and macro scales. Their processing 
ease, size control, and tunable encapsulation efficiency make them a promising material 
for energy, electronic, pharmaceutical, and medical applications. Here, we examine 
several self-assembled morphologies of cellulose acetate and explore their potential 
utilization in nanomedicine. We perform a systematic investigation of cellulose acetate 
nanoparticle structure and evaluate their encapsulation ability using fluorescent dyes as 
guests. Particle assembly can be tuned by varying solvent polarity and co-polymer 
presence during nanoprecipitation synthesis to afford nanoparticles of assorted 
functionalities and sizes (40-200nm). Particle size and morphology was characterized 
with Dynamic Light Scattering and Electron Microscopy while fluorescent properties of 
encapsulated fluorophores were evaluated via steady state and time dependent 
fluorescence measurements. We show efficient entrapment of dyes and demonstrate 
manipulation of encapsulation extent and dye properties through nanoparticle assembly 
conditions. We also illustrate novel rod and crystal morphologies assembled from small 
molecule interactions as well as static and dynamic precipitation conditions. 
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Chiral templating of self-assembling nanostructures by circularly polarized light 



Jihyeon Yeom, jyeom@umich.edu, Nicholas Kotov. University of Michigan, Ypsilanti, 
Michigan, United States  

The importance of chirality was discovered in 1963, when the critical birth defects were 
caused by the presence of wrong handed thalidomide in a drug that was supposed to 
cure morning sickness. Considering that chiral molecular drugs shared one-third of all 
drug sales worldwide in 2000, chiral selective synthesis and separation of enantiomers 
are critical for disease diagnosis and therapy in the pharmaceutical industry. 
 
Recently, chirality of inorganic nanomaterials has been considered of much importance 
because they are of prime fundamental and practical interest due to the favorable 
power-law scaling of near-field enhancements. The interest in the synthesis of chiral 
nanostructures has been fueled by the potential application of chiral nanostructures in 
biosensing, telecommunication, display technologies, diffraction-free patterning, and 
chiral catalysis. Although chirality is often associated with biochemistry due to numerous 
chiral bio-molecules, today chiral inorganic nanostructures have attracted much 
attention as such their optical properties remain largely unexplored. 
 
A further motivation to study chirality of inorganic nanostructures is to discover the origin 
of homochirality in natural compounds. The prevalence of only L-type amino acids and 
D-type sugars in nature is well-known example of homochirality. This dominant 
existence of only one of the two enantiomers among natural products has kept scientific 
attentions for decades. Several chemical routes are being debated, including chiral 
amplification and influence of circularly polarized light (CPL) from the cosmos. However, 
the circular polarization of cosmic light is dominantly observed in infrared range that is 
not absorbed by simple organic molecules. 
 
In the talk, I will cover conventional design strategies for synthesizing chiral inorganic 
nanostructures, and then suggest a new tool that opens a door to understand the origin 
of homochirality. 
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Nickel doped cerium oxide catalysts for CO removal by preferential oxidation and 
water-gas shift reaction 

Curtis Guild5, curtisguild@gmail.com, Saiful Seraji5, Andrew Meguerdichian6, Tahereh 
Jafari5, Jose Rodriguez3, Dimitriy Vovchok2, Sanjaya D. Senanayake1, Steven L. Suib4. 
(1) Bldg 555 Chem Dept, Brookhaven National Laboratory, Upton, New York, United 
States (2) Catalysis, Brookhaven National Laboratory, Brooklyn, New York, United 
States (3) Chemistry Department, Upton, New York, United States (4) Univ of 
Connecticut, Storrs Mansfield, Connecticut, United States (5) Chemistry, University of 
Connecticut, Storrs, CT, Connecticut, United States (6) Chemistry, University of 
Connecticut, Storrs, Connecticut, United States  



The preparation of composite nanomaterials of more than two phases is usually geared 
to the creation of a high concentration of interfacial sites which may activate molecular 
substrates for a wide range of catalytic reactions. In the process of hydrogen 
production, the impurity carbon monoxide is removed by preferential oxidation by 
oxygen or oxidation with steam in the water-gas shift reaction. In the work presented we 
investigate a series of derivative materials from the University of Connecticut (UCT) 
Mesoporous Materials family in performing these reactions, composed of Nickel/Nickel 
Oxide on Ceria nanomaterials. These active catalysts have favorable porosity, 
crystallinity, and interfacial sites to facilitate both reactions to enable high-purity 
hydrogen production. In-Situ Raman microscopy and X-Ray Diffraction reveals dynamic 
changes in the catalysts due to the formation of oxygen vacancies and Ce3+ centers. 
XPS reveals the changes in electronic character of each of the species composing the 
catalytic material. The exercising of synthetic control provided by the inverse micelle 
method results in well-structured nanoparticle aggregates with a high dispersion of 
nickel over the ceria surface, providing a wealth of interfacial sites which we propose 
are the active sites for the reaction. 
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Study of the nature of ultrabrightness in fluorescent dye encapsulated 
nanoporous silica particles 

Vivekanand Kalaparthi1, vivekanand.kalaparthi@tufts.edu, Shajesh Palantavida2, Igor 
Sokolov1,3. (1) Mechanical Engineering, Tufts University, Medford, Massachusetts, 
United States (2) Suite 2600, Tufts University, Medford, Massachusetts, United States 
(3) Department of Physics and Biomedical Engineering, Tufts University, Medford, 
Massachusetts, United States  

 
Fluorescent particles find wide applications in imaging, sensing, tagging, tracing and 
labeling. Particles with high fluorescent brightness is desirable to attain a higher signal-
to-noise ratio, and consequently, to increase the sensitivity, contrast of imaging, speed 
of imaging etc. It also enables the use of simpler/cheaper and more robust instruments 
to detect the fluorescent tags. Recently, we have shown that mesoporous silica particles 
of sizes ranging from tens of nanometers to tens of microns can be self-assembled with 
fluorescent dye encapsulated in tens of millimolar concentrations without any leakage. 
Moreover the encapsulated dyes showed no significant aggregation/quenching resulting 
in ultrabright particles. Here we present an extensive study of these particles using 
steady state and time-dependent fluorescence measurements and UV-Vis absorption 
spectroscopy. We present the case of rhodamine 6G dye encapsulated in two types of 
particles, nanoparticles (~40 nm) and micron sized discoid particles (~3.5 um). The 
Nature of quenching that can occur in these particles is investigated using temperature 
dependent measurements. Using steady-state fluorescence anisotropy measurements 
and diffusion measurements we further confirm that the nanochannels inside the 
particles provide a protective microenvironment for the dye. 
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Two step yielding in 2D colloidal glass: Attraction tuned by electrolyte in 
subphase 

Huagui Zhang2, prehz@leeds.ac.uk, Kai Yu2, Olivier Cayre1, David Harbottle2. (1) 
School of Chemical and Process Engineering, University of Leeds, Leeds, United 
Kingdom (2) School of Chemical and Process Engineering, University of Leeds, Leeds, 
United Kingdom  

We report the yielding behaviour of a two-dimensional (2D) colloidal glass of silica 
nanoparticles partitioned at an air-water interface with an adjustable short-range 
attraction controlled by the electrolyte concentration in the aqueous subphase. Taking 
advantage of the long-range dipolar repulsion in 2D like-charged colloids, the particle 
network interaction strength can be altered using the salt concentration and the number 
of particle-particle contacts (realized via spreading particle concentration) as control 
parameters. The linear viscoelasticity of the particle network can be retrieved via a time-
salt concentration superposition principle and the applicability of the ‘soft glassy 
rheology’ (SGR) model describing the colloidal dynamics is confirmed. Upon increasing 
the salt concentration, a non-ergodic state is achieved with dynamics arrested firstly 
from attraction induced bonding bridges and then from the cage effect of particle 
jamming, manifested with a two-step yielding process being present under a large 
amplitude oscillation shear (LAOS). The Lissajous curves disclose an in-cage particle 
configuration re-displacement through shear-induced collisions within oscillation cycles 
between the two yielding steps, exhibiting a phenomenon from ‘strain softening’ to 
‘strain stiffening’ by increasing the interparticle attraction strength. Using the salt 
concentration and spreading concentration as two pathways, a variety of phase 
transitions from fluid- to gel- and glass-like can be unified to construct a state diagram 
mapping the yielding changes from one-step to two-step before merging into one-step 
again at concentrated extremes as a coupling consequence between the particle 
bonding and the cage effects. 
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Aging oil-water interfaces with asphaltene adsorption: Interface rheology and 
heterogeneity 

Chih-Cheng Chang1, chihcheng@umail.ucsb.edu, Arash Nowbahar1, Vincent 
Mansard1, Jodi Mecca3, Adam Schmitt3, Tom Kalantar3, Tzu-Chi Kuo3, Todd Squires2. 
(1) Chemical Engineering, UCSB, Santa Barbara, California, United States (2) Chemical 
Engineering Dept, University of California, Santa Barbara, California, United States (3) 
Dow, Midland, Michigan, United States  

Water is often used in the production and processing of oil, but the water and oil must 
ultimately be separated. Such separations can be very challenging, because various 
surface-active materials naturally exist in crude oil that stabilize water-oil interfaces. 



Polycyclic aromatic hydrocarbons called asphaltenes are a broad class of surface-active 
compounds that adsorb at water-oil interfaces and stabilize such emulsions. 
We use ferromagnetic microbuttons as interfacial rheological probes to probe the 
evolution of oil/water interfaces as asphaltenes adsorb, and the effect of chemical 
additives like ethylcellulose (EC) on the evolution of the mechanical properties of the 
interface. Oil/water interfaces progressively stiffen as asphaltenes adsorb; this process, 
however, can be prevented or reversed with the addition of EC. 
To probe the mechanism behind these observations, we visualize the deformation 
(strain) field of the oil/water interface in response to the stresses imposed by the 
microbutton. Asphaltene-adsorbed oil/water interfaces show significant mechanical 
heterogeneity, with pronounced stiff and weak regions. EC affects these heterogeneous 
regions differently, suggesting various hypotheses for its action on asphaltene-stabilized 
interfaces. 
Our study reveals the rich properties of water/asphaltene/oil interfaces, and highlights 
new tools to probe mechanically heterogeneous interfaces as they evolve in response 
to their local chemical environments. 
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Measuring the dilatational modulus of human lung surfactant monolayersΔ 

Amit Sachan, Joseph A. Zasadzinski, zasad008@umn.edu. Chemical Engineering 
and Materials Science, University of Minnesota, Minneapolis, Minnesota, United States  

The role of Lung Surfactant (LS) in lowering the surface tension, γ, at the alveolar air-
liquid interface is well-known. A less appreciated, but essential, function of LS is to 
prevent the Laplace instability, which drives gas out of smaller alveoli and into larger 
ones, effectively deflating smaller alveoli. These are core symptoms of Acute 
Respiratory Distress Syndrome (ARDS), which afflicts 150,000 people in the US, with a 
30-50% mortality rate. The Laplace Instability occurs when the capillary pressure, 
ΔP=2γ/R, in small alveoli (radius RS) exceeds that of larger alveoli (radius RL): 2γ/RS > 
2γ/RL. The dilatational modulus, ε, relates the change in surface tension,γ, to the 
change in molecular area, A. For, or 2ε-γ >0, the Laplace pressure decreases with 
decreasing radius, suppressing the Laplace Instability. However, if 2ε-γ is negative, 
even small variations in inflation would drive spontaneous collapse of some alveoli, and 
hyper-extension of others. 
Our preliminary work shows that albumin and lysophosphatidylcholine (lyso-PC), which 
increase in the alveolar fluids during ARDS-induced inflammation, increase the 
minimum surface tension γ, but also dramatically decrease the dilatational modulus, so 
that 2ε-γ < 0. Such conditions would provoke the Laplace instability, inducing alveolar 
de-recruitment and flooding, as is typical of ARDS. Albumin is immiscible with LS and 
forms rigid patches at the interface as it ages, while lyso-PC is fully miscible and 
enhances the fluidity of the monolayer, so we expect different effects on monolayer 
dynamics and the Laplace instability. 
To address these issues, we have designed and built a novel capillary pressure 
microtensiometer to measure ε of LS for the first time. We will discuss the evolution of ε 



for clinical and model lung surfactants as a function of surface pressure and frequency 
to determine the effects of solid phase fraction (related to saturated vs. unsaturated lipid 
fraction), domain morphology (related to lung surfactant proteins SP-B and SP-C, 
cholesterol and fatty acid fractions) and subphase compositions of lysolipids and/or 
albumin. We also will present confocal microscope images of the domain formation on 
bubbles with radii of curvature similar to the domain size. We find that domain 
coalescence is much more rapid on curved surfaces than planar surface, likely due to 
minimizing the perturbation of the bubble curvature by the rigid domains. 
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Mesoscopic modelling of the effects of salt and additives on the rheological 
properties of commercial wormlike micellar solutions 

Weizhong Zou1, weizhong@umich.edu, Xueming Tang1, Peter Koenig2, Michael R. 
Weaver3, Ron G. Larson1. (1) Chemical Engineering, University of Michigan, Ann Arbor, 
Michigan, United States (2) Modeling and Simulation, The Procter & Gamble Company, 
West Chester, Ohio, United States (3) Analytic Sciences, The Procter & Gamble 
Company, Mason, Michigan, United States  

We link macroscopic viscoelastic behaviors of commercial surfactant solutions to 
micellar structures quantitatively at various concentrations of salts and perfume raw 
materials (PRMs) by applying our recently developed mesoscopic simulation method for 
entangled wormlike micelle (WLM) solutions. The effects of added salt and PRMs on 
micellar lengths, breakage times and other properties are obtained from fits of linear 
rheological measurements including both mechanical rheometry and diffusing wave 
spectroscopy, where the latter provides the high-frequency data needed to determine 
micelle persistence length accurately. Changes of these micellar properties can be 
further interpreted using the Israelachvili surfactant packing argument through 
molecular-level simulations. 
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Extensional flow small angle neutron scattering of wormlike micelles 

Kathleen Weigandt1, weigandk@u.washington.edu, Robert McCallister2. (1) NIST 
Center for Neutron Research, Gaithersburg, Maryland, United States (2) University of 
Delaware, Newark, Delaware, United States  

Extensional flows are commonly observed in nature and industry, but still poorly 
understood when compared with shear flows. This is due to inherent experimental 
difficulties in making precise structural and mechanical measurements of fluids 
undergoing extensional strain. In recent years, there have been a number of groups 
using microfluidic devices to accurately measure the extensional rheology and 
birefringence of various viscoelastic fluids. However, the relatively minimal available 
tools to probe the structure of complex fluids under extensional flow is in stark contrast 



to the variety of techniques used for similar materials in shear flow. For instance, at 
NIST we have a complementary suite of tools used to access the structure of complex 
fluids under shear relative to the 1-2, 1-3, and 2-3 shear planes. In an effort to address 
this unmet need we have recently designed a new modular flow cell for neutron 
scattering that will allow us to measure the structure of complex fluids in non-shear 
flows including extensional flow. Currently, we are using a cross slot geometry in order 
to quantify nanostructural changes that occur in complex fluids that are undergoing 
extensional deformation near a stagnation point. Recently, we have looked into 
optimizing the cross-slot geometry for both flow and neutron measurements. In 
particular, we have investigated the effect of channel aspect ratio on the alignment of 
wormlike micelles near the stagnation point. In this talk we will describe the new flow 
cell and we will present the results of recent investigations into the structure of wormlike 
micelles solutions undergoing extensional flow at a stagnation point in cross-slots of 
various aspect ratio. 
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Understanding fluid structure at high shear rates: Developing µRheoSANS 

Javen S. Weston2,6, javen.weston@georgetown.edu, Katie Weigandt5, Steven D. 
Hudson3, Daniel Seeman4, Daniel L. Blair1. (1) Georgetown Univ, Washington, District 
of Columbia, United States (2) Physics, Georgetown University, Germantown, 
Maryland, United States (3) Polymers Complex Fluids Group, NIST, Gaithersburg, 
Maryland, United States (4) UMass-Amherst, Amherst, Massachusetts, United States 
(5) NIST Center for Neutron Research, Gaithersburg, Maryland, United States (6) 
Materials Science and Engineering Division, National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States  

Industrial applications, such as lubrication, mixing, spraying and injection, involve the 
flow complex fluids at extreme deformation rates. Clogging, fluid degradation, and other 
processing challenges can arise in these extreme contexts and are often driven by 
structural changes in the fluid. As an example, there are concerns that high shear rate 
delivery of protein therapeutics via injection with a very small bore syringe needle could 
alter the protein structure and drive aggregation, leading to toxic and potentially fatal 
health effects. For shear rates <104 s-1, the rheology and structure of a flowing fluid can 
be assessed using an established technique such as RheoSANS, RheoSAXS, confocal 
rheometry. High shear rate rheological characterization can be carried out using 
capillary and slit rheometers, but measuring the structure of complex fluids under these 
conditions is more challenging. It could potentially be achieved using light, x-ray, or 
neutron scattering; with neutron scattering providing particular advantages: neutrons 
probe the length scales of interest for many complex fluids, penetrate the materials 
used to construct capillary/slit rheometers, and provide the ability to adjust contrast to 
selectively probe the structure of particular components of the fluid. We have recently 
begun developing a series of microfluidic devices that will enable simultaneous 
rheological and structural characterization of complex fluids at high shear rates using 
small-angle neutron scattering (SANS). Prototype devices have achieved effective 



shear rates exceeding 105 s-1, and an apparatus can achieve shear rates >106 s-1 is 
under develpment. Additionally, a data analysis method has been developed to isolate 
scattering from the high-shear region located near the wall of the microfluidic channel, 
helping to better resolve shear rate dependent scattering. Here, we will discuss both the 
development of our new µRheoSANS apparatus and the data analysis approach in the 
context of initial measurements of a cetylpyridinium chloride-sodium salicylate wormlike 
micelle system. 
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Microfluidic shear viscometers for complex fluid rheology 

Siddhartha Gupta2, siddhartha.gupta@ttu.edu, Naureen S. Suteria3, Siva Vanapalli1. 
(2) Chemical Engineering, Texas Tech University, Lubbock, Texas, United States (3) 
Chemical Engineering, Texas Tech University, Lubbock, Texas, United States  

Microfluidic viscometry provides significant advantages such as access to high shear 
rates, small sample volumes and precise control of the flow conditions and geometry. 
Despite these advances, current approaches do not allow encoding of shear rates into 
the geometry of the microfluidic device, necessitating active manipulation of flow rates 
to access a wide range of shear rates in the viscosity curves. In this study, we exploit 
co-flowing laminar streams in unique microfluidic geometries that allow viscosity 
measurements at multiple shear rates for fixed flow rate values. We discuss the working 
principles of our method, and validate the approach with experiments on shear thinning 
polymeric fluids and computational fluid dynamics simulations. The benefits of our 
method include reduction in data collection time, since a single flow rate condition gives 
viscosity data at multiple shear rates. In addition, unlike existing microfluidic 
viscometers that rely on on-chip pressure sensors, our method is sensorless and 
therefore lending to disposable devices for rheology of biofluids. 

CSSS 427 

Keynote Lecture: Bottom-up with a twist: A new approach for colloidal crystal 
assembly 

Nathan A. Mahynski1, Lorenzo Rovigatti1, Christos Likos2, Athanassios 
Panagiotopoulos1, azp@princeton.edu. (1) Princeton Univ, Princeton, New Jersey, 
United States (2) University of Vienna, Vienna, Austria  

Globally ordered colloidal crystal lattices have broad utility in a wide range of optical and 
catalytic devices, for example, as photonic bandgap materials. However, the self 
assembly of stereospecific structures is often confounded by polymorphism. Small free 
energy differences often characterize ensembles of different structures, making it 
difficult to produce a single morphology at will. Current techniques to handle this 
problem adopt one of two approaches: that of the "top-down," or "bottom-up" 
methodology, whereby structures are engineered starting from the largest or smallest 



relevant length scales, respectively. However, recently a third approach for directing 
high fidelity assembly of colloidal crystals has been suggested which relies on the 
introduction of polymer co-solutes into the crystal phase [N. A. Mahynski, et al., Nat. 
Commun., 2014, 5, 4472]. By tuning the polymer's morphology to interact uniquely with 
the void symmetry of a single desired crystal, the entropy loss associated with polymer 
confinement has been shown to strongly bias the formation of that phase. However, 
previously this approach has only been demonstrated in the limiting case of close-
packed crystals. Here we show how this approach may be generalized and extended to 
complex open crystals, illustrating the utility of this third "structure-directing agent" 
paradigm in engineering the nanoscale structure of ordered colloidal materials. The high 
degree of transferability of this paradigm's basic principles between relatively simple 
crystals and much more complex ones indicates this represents a fundamental addition 
to presently known self-assembly techniques and opens new avenues to better 
engineer the structure of these materials. 
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Self-assembly of artificial actin filaments 

Shengfeng Cheng2, chengsf@vt.edu, Christopher R. Grosenick2, Mark J. Stevens1. (1) 
Sandia National Laboratories, Albuquerque, New Mexico, United States (2) Physics, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

Actin filaments are long, double helical biopolymers that make up the cytoskeleton of 
eukaryotic cells along with microtubules and intermediate filaments. In order to further 
understand the self-assembly process of actin filaments, a model to recreate their 
double helix geometry was developed. A coarse-grained monomer in the shape of a 
bent rod with vertical and lateral binding sites was designed to assemble into single or 
double helices. We study the self-assembly process of such rod monomers with 
molecular dynamics simulations. Ignoring lateral binding interactions, we have found a 
narrow range of vertical binding strengths that lead to long single helices via various 
growth pathways. However, the structure of single helices is flexible and lacks 
regularity. When the lateral binding is included, a variety of phases were observed to 
form depending on the strength of attractions between the binding sites. With 
appropriate combinations of lateral and vertical binding strengths, double helical 
filaments start to form. The structure of double helices is much more regular and stable 
than the single helix counterparts, indicating that actin filaments possessing the double 
helix structure has an significant implication in terms of their self-assembly. Surprisingly, 
we have found that triple helices occasionally form, as well as gaps in one helix along a 
filament, indicating the importance of structural regulation in the self-assembly of actin 
filaments. 
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Liquid-like bundles of crosslinked actin filaments contract without motors 



Kimberly Weirich, kweirich@uchicago.edu, Shiladitya Banerjee, Kinjal Dasbiswas, 
Suriyanarayanan Vaikuntanathan, Margaret Gardel. James Franck Institute, University 
of Chicago, Chicago, Illinois, United States  

The interior of a biological cell is crowded with self-assembled macromolecular 
machines that perform diverse functions.The actin cytoskeleton is a protein assembly 
that determines cellular mechanics, influencing processes such as cell migration and 
division. Motor proteins are responsible for actively driving contractile processes by 
buckling and translocating actin filaments. However, there is evidence that contractile 
events, such as the constriction of the actin bundle that drives the separation of cells 
during division, can occur without motors, mediated instead by dynamic crosslinker 
proteins. Using a model system of purifed proteins, we show that crosslinkers, 
analogous to molecular cohesion, create an effective interfacial tension that induces 
bundle contraction. We find that dispersed, short actin filaments, in the presence of 
crosslinker, assemble into a condensed phase of micron-sized, spindle-shaped 
aggregates, called tactoids. Similar to entropically formed tactoids found near the 
isotropic-nematic phase transition in liquid crystals, these crosslinked tactoids coarsen 
and coalesce like liquid droplets. The aspect ratio of the tactoids is inversely 
proportoional to the amount of crosslinkers, consistent with crosslinkers contributing to 
an interfacial tension. In contrast, long filaments and crosslinkers assemble into a 
steady state of a solid-like network of bundles. Near the liquid-solid transition, filaments 
of intermediate length and crosslinkers assemble initially into long bundles. The bundles 
subsequently contract into tactoids, analogous to a column of liquid relaxing into a 
droplet. Our results, that actin bundles are liquid-like with a crosslinker induced 
interfacial tension, provide evidence for a motor-independent mechanism of contractility 
in biological materials. 
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Molecular engineering of polyelectrolyte complex materials 

Li-Wei Chang2, Yalin Liu2, Xiangxi Meng2, Whitney Blocher2, Jon Vélez2, Brandon 
Johnston2, Rasmia Shamsi2, Ruoting Wang2, Mithun Radhakrishna3, Rachel A. Letteri4, 
Brian Momani2, H. Henning Winter2, Todd Emrick4, Charles E. Sing1, Jessica D. 
Schiffman2, Sarah L. Perry2, perrys@engin.umass.edu. (1) Chemical and Biomolecular 
Engineering, University of Illinois, Savoy, Illinois, United States (2) Chemical 
Engineering, University of Massachusetts Amherst, Amherst, Massachusetts, United 
States (3) Chemical & Biomolecular Engineering, University of Illinois at Urbana 
Champaign, Urbana, Illinois, United States (4) Polymer Science & Engineering, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States  

Polyelectrolyte complexation can be used in the self-assembly of a wide range of 
responsive soft materials ranging from dehydrated thin film and bulk solids to dense, 
polymer-rich liquid complex coacervates, and more complex hierarchical structures 
such as micelles and hydrogels. This responsivity can include swelling and dissolution, 
or liquid-to-solid transitions, which can be harnessed to facilitate encapsulation and the 



subsequent fabrication of functional materials. The patterning or presentation of charges 
and other chemical functionalities represents a powerful strategy for the design and 
manipulation of this type of responsiveness and the corresponding material properties. 
We utilize polypeptides and polypeptide derivatives as a model platform for the study of 
sequence and patterning effects on materials self-assembly. This experimental effort is 
supported by the parallel development of computational approaches for modeling and 
predicting the phase behavior of patterned polymeric materials. This molecular-level 
understanding of polyelectrolyte complexation is further enhanced by detailed 
rheological examination of the molecular nature of the various material transitions 
present in these systems. The goal of this systematic investigation of the effects of 
charge patterning is to elucidate design rules that facilitate the tailored creation of 
materials based on polyelectrolyte complexation with defined properties for a wide 
range of applications. 
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Probing phase transitions in dynamic biopolymer complexation 

Amanda Marciel1, amarciel@uchicago.edu, Matthew V. Tirrell2. (1) University of 
Chicago, Chicago, Illinois, United States (2) IME, University of Chicago, Chicago, 
Illinois, United States  

In nature, biopolymers partition into dynamic compartments to facilitate and regulate 
their interactions. These dynamic compartments are referred to as membraneless 
organelles (e.g., nucleolus, P bodies, stress and germ granules) and consist of 
biopolymer-rich interiors that rapidly assemble and disassemble to form liquid droplets, 
hydrogels or fibril structures. However, the physical interactions that affect the 
formation, dissolution, and regulation of these assemblages are poorly understood, yet 
vital in determining their function in normal and disease states. Therefore, there is a 
strong need to investigate the underlying mechanisms that drive dynamic biopolymer 
complexation and develop an understanding of their biochemical function. Interestingly, 
polyelectrolyte complexes produced in vitro using simple homopolymers are strikingly 
similar to the membraneless organelles found in vivo. Polyelectrolyte complexation is an 
entropically driven process, where electrostatic attraction between oppositely charged 
polymers results in a release of bound counter-ions and rearrangement of water 
molecules. Under defined conditions, oppositely charged polyelectrolytes can form 
complexes consisting of a dense polymer-rich phase (liquid coacervate or solid 
precipitate) in a polymer-depleted aqueous phase. Whether complexation results in a 
liquid or solid precipitate depends on the strength of electrostatic interactions, which are 
mediated by salt concentration, acidity/basicity of the monomers and their distribution 
along the polymer backbone. In this work, we investigate the forces that govern 
membraneless organelle formation by engineering model polypeptide analogs and 
systematically studying their phase transition behavior. From a broad perspective, our 
work holds the potential to develop a basic understanding of protein/polyelectrolyte 
complexation, impacting design of novel functional biomimetic materials. 
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Rapid electro-formation of robust and transparent biopolymer gels in prescribed 
3-D shapes 

Ankit Gargava1, agargava@umd.edu, Jasmin Athas2, Srinivasa R. Raghavan1. (1) 
Chemical and Biomolecular Engineering, University of Maryland College Park, College 
Park, Maryland, United States (2) Department of Chemistry and Biochemistry, 
University of Maryland College Park, College Park, Maryland, United States  

Gels of biopolymers such as alginate are routinely used to encapsulate biological cells 
and proteins for applications in drug delivery and tissue engineering. These gels are 
created by combining sodium alginate with a source of divalent ions like Ca2+. 
Recently, researchers have demonstrated the ability to deposit alginate gels using 
electric fields. For example, these gels can be deposited at the anode of an 
electrochemical cell where the local pH is considerably more acidic than in the bulk 
solution. However, these processes are limited to generating 2-D films of alginate, and 
the need for strong pH gradients hampers the inclusion of pH-sensitive species within 
the films. Here, we present an alternative approach for rapidly forming 3-D alginate gels 
upon application of an electric field. In this approach, a molded 3-D gel of agarose with 
dissolved CaCl2 is placed in a beaker containing a sodium alginate solution. These are 
connected to a DC power source, and when a voltage is applied, an alginate/Ca2+ gel 
is formed around the agarose in a shape that is the inverse replica of the original mold. 
The alginate gels are transparent and robust, and the process is mild and compatible 
with pH-sensitive materials. Gels in several 3-D architectures can be formed by this 
method that cannot be achieved through conventional methods. 
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Vesicle formation by self-assembly of ionic liquid based surfactants and 
cholesterol: A novel approach towards drug delivery 

Zuber S. Vaid1, Naved Anjum I. Malek1,2, navedmalek@yahoo.co.in, Omar El Seoud2. 
(1) Applied Chemistry Department, Sardar Vallabhbhai National Institute of Technology, 
Surat, Gujarat, India (2) University of Sao Paulo, Sao Paulo - SP, Brazil  

Vesicles, the hollow spheres enclosed by a bilayer of the amphiphiles and are 
commonly used to encapsulate hydrophilic molecules within their interior are potential 
nanocarriers for the delivery of active ingredients. In the present investigation, we show 
the ability of vinyl imidazolium based ionic liquid surfactants (ILBSs) and cholesterol to 
self assemble and from vesicles. Formation of vesicles is from the micelles of ILBSs 
studied rather than the transformation through branched warm like micelles in the case 
of diclofenac sodium induced transition of the similar ILBSs. We have compared the 
formation of vesicles in the ILBSs with saturated side chain as well as in the 
conventional cationic surfactants with identical side chain. The formation of stable 
unilamellar vesicles is characterized by several states of the art analytical techniques; 



viz. turbidity measurements, dynamic light scattering and transmissions electron 
microscopy at varying concentrations of the cholesterol. The microviscosity around the 
Sudan-III dye is characterized by UV-visible and steady state fluorescence 
spectroscopic techniques. The system is analyzed as the drug delivery system. 
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Reversible pH-switching of an artificial hydrolase based on peptide nanofibers 
and hydrogel 

Chunqiu Zhang3,1, zhangcq83@outlook.com, Charles Maldarelli3, 
cmaldarelli@ccny.cuny.edu, Rein Ulijn2,1. (1) Advanced Science Research Center, The 
City University of New York, New York, New York, United States (2) Thomas Graham 
Building, University of Strathclyde, Glasgow, United Kingdom (3) Department of 
Chemical engineering, The City University of New York, New York, New York, United 
States  

It is still a challenge in supramolecular chemistry to design structurally well-defined 
architectures with dynamic and stimulus-responsive properties. Especially for structures 
which mimic natural enzyme activity (“artificial” enzymes), we require stimulus-
responsive properties which offer a fine control of this activity. By introducing stimuli-
responsive moieties into the artificial enzymes, these smart chemical architectures can 
perform a carefully tailored response to external stimuli, such as temperature, pH, light 
and others. 
In this presentation, we develop artificial enzymes based on the reversible self-
assembly of peptides into desired, precisely defined architectures (peptide 
nanostructures) with catalytic activity. The self-assembly is designed to be responsive to 
external stimuli, and in this way the nanostructure (and the enzyme activity) becomes 
responsive to the environment. In addition, we design the nanostructures to assemble 
hierarchically into a supermolecular assembly which immobilizes the enzyme and can 
concentrate the enzyme substrate to increase the reaction turnover. 
To illustrate this artificial enzyme design, we develop a hydrolase enzyme, responsive 
to pH, to catalyze the hydrolysis of ester substrates. We synthesize a peptide with 23 
residues which self-assembles into a nanofiber at high pH due to the charge regulation 
of the lysine residues. At low pH, repulsion of charged lysine groups does not permit 
assembly and the peptides exist in monomer form with no catalytic activity. At high pH, 
the lysine residues are uncharged and the peptides can assembly into nanostructured 
fibers with catalytic activity. More importantly, the peptide nanostructures twist together 
to form a hydrogel to sequester the activity and retain the ester substrate. The peptide 
nanofibers show typical hydrolase behavior. We demonstrate that the catalytic activity 
can be switched on/off by regulating the pH in solution. Furthermore, we demonstrate 
hydrogel formation at high concentration of peptide nanofibers, and show that these 
gels have an enhanced activity. 
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An intelligent second skin for chemical biological protection based on 
organohydrogels 

Eugene Wilusz5, Ramanathan Nagarajan3, ramanathan.nagarajan.civ@mail.mil, Paola 
D'Angelo2, Matthew E. Helgeson4, Bradley D. Olsen1, T. Alan Hatton6, Lev Bromberg1, 
Jeffery Owens7, David McGarvey8, William Creasy9. (1) Chemical Engineering, MIT, 
Cambridge, Massachusetts, United States (2) NSRDEC, Auburn, Massachusetts, 
United States (3) MSET/WFD, Natick Soldier RDEC, Natick, Massachusetts, United 
States (4) Chemical Engineering, UC Santa Barbara, Santa Barbara, California, United 
States (5) US Army Natick Soldier RD&E Center, Natick, Massachusetts, United States 
(7) US Air Force Civil ENgineer Center, Tyndall AF Base, Florida, United States (8) 
Edgewood Chemical Biological Center, Edgewood, Maryland, United States (9) Leidos 
Corporation, Edgewood, Maryland, United States  

The performance of tasks while wearing chemical biological (CB) protective clothing is a 
challenge. Efforts are underway to develop materials for CB protection that are lighter in 
weight and impose reduced thermal burden. The ideal protection would be provided by 
what amounts to a "Second Skin." In its normal state the Second Skin would allow air 
and moisture transport thrugh it. Upon exposure to a hazardous chemical or biological 
the Second SKin would sense the presence of the hazard, transduce a response to 
adapt into an active protection state, neutralize the hazard, and return to its normal, 
benign state following the incident. The main objective of this work is to develop 
adaptive, responsive materials toward such a Second Skin, with the material design 
based on the use of organohydrogels (OHGs), other hydrogels (HGs), and catalysts. 
These modular, responsive gels will provide the sensing, transduction, protection, and 
decontamination functions to the material in an autonomous manner. The gels will be 
integrated into a lightweight substrate, such as a nonwoven fabric. The surface layer of 
the material will contain threat-detecting nanoparticles functionalized with CB sensing 
elements, enabling the specific detection of agents and generation of a reporter signal 
to trigger activiation which will lead to a protective state. OHGs, produced from 
nanoemulsions, have been developed which have demonstrated the ability to sense the 
presence of hazardous chemicals and to destroy or sequester the hazard. Other HGs 
have demonstrated complimentary effectiveness. Surface multifunctionality involving 
various catalysts has demonstrated additional sensing and hazard neutralization. 
Swelling of the gel particles within the nonwoven fabric will block the existing pores, 
leading to increased barrier protection against a variety of hazards including blister 
agents, nerve agents, spores, and toxins. 
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On the release of cargo from responsive polymer brushes 

Celine L. Mercier, c.l.mercier@durham.ac.uk, David W. Johnson, Colin D. Bain. 
Chemistry, Durham University, Durham, United Kingdom  



The controlled release of cargo molecules by a film has potential to deliver the required 
components in lubrication, anti-fouling, drug-delivery and other clean tech applications. 
Crucial to this are films with a sharp response to a stimulus (e.g. temperature, pH, ionic 
strength...) for example via a change in conformation accompanied by a change in 
affinity to the cargo. Here we discuss the behaviour of different polymers such as block 
copolymers and polyamino acids. 
pNIPAM based copolymers and polyamino acids are grown on a solid (fused silica) 
substrate following an atom transfer radical polymerisation and a ring opening 
polymerisation, respectively, to produce brushes of varying composition and surface 
density. Molecular structure changes during the phase transition, as well as the uptake 
and release of a cargo molecule were investigated in situ using the surface-selective 
technique, total internal reflection (TIR) Raman spectroscopy. Changes in molecular 
interactions and orientations were recorded with 1 second time resolution. The method 
is not limited to these systems and could be used for studying the interaction between 
other combinations of polymer - cargo molecules. 
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Lowering the barrier to C-H activation using Pt/Cu single atom alloys 

Matthew Marcinkowski2, mdmarcinkowski@gmail.com, Mostafa El Soda1, Felicia R. 
Lucci1, E Charles H. Sykes1. (1) Tufts University, Medford, Massachusetts, United 
States (2) Chemistry, Tufts University, Medford, Massachusetts, United States  

Activation of C-H bonds in alkanes has been a challenge to chemists as these 
molecules are relatively inert due to strong localized C-C and C-H bonds. Nevertheless, 
researchers have pursued many ways to break C-H bonds as this activation enables the 
synthesis of a variety of different chemicals from simple hydrocarbons through carbon 
coupling reactions. In this work, we use a surface science approach to model C-H 
activation on a Cu(111) surface using methyl iodide. Methyl iodide is known to 
decompose to produce methyl groups and iodine atoms on Cu(111) below 200 K. The 
methyl groups are then stable on the surface up until 450 K, at which temperature they 
decompose to form a number of products including methane, ethylene, ethane, and 
propylene. The rate limiting step to forming these products is the activation of one of the 
C-H bonds in the methyl group to produce surface bound hydrogen and methylene. 
Pt(111) is also able to activate the C-I bond in methyl iodide, but methyl groups on this 
surface only produce methane, hydrogen, and surface bound methylene groups at 290 
K. While the barrier to C-H activation is lowered on Pt compared to Cu, the Pt surface is 
unable to perform carbon coupling reactions. Inspired by these previous results, we 
fabricated surfaces consisting of 1% Pt in the Cu(111) surface. At this concentration, Pt 
exists as single, isolated atoms substituted into the Cu(111) lattice. These single atom 
alloys exhibit synergistic chemistry and yield the desirable properties of each of the two 
pure metal surfaces. They are able to produce carbon coupling products like pure Cu, 
but are able to activate the C-H bond necessary to begin these reactions at 340; 110 K 
cooler than on Cu(111). Increasing the concentration of Pt further decreases the 
temperature necessary to activate C-H bonds, but also decreases the amount of carbon 



coupling products formed as the surface becomes more similar to Pt(111). Single atom 
alloys therefore provide an ideal model catalyst for the decomposition of methyl iodide, 
allowing for more facile activation of the C-H bond than pure Cu while also producing 
the desired coupling products, which Pt(111) is unable to do. 

CSSS 438 

The impact of structure on the catalytic behavior of Cu2O supported Pt atoms 

Andrew Therrien, andy.therrien12@gmail.com. Chemistry, Tufts University, Medford, 
Massachusetts, United States  

Single site catalysts composed of individual atoms on various oxide supports have been 
a major research focus in recent years. Such catalysts exhibit novel reactivity with the 
benefit of 100% atom efficiency and a dramatic reduction in the precious metal loading. 
However, despite several experimental examples of efficient single atom catalysts, 
there is much debate regarding the structure and catalytic mechanisms of such 
catalysts and debate over whether single atoms or nanoparticles are the active species. 
Given the complexity of heterogeneous catalysts and the size scale of the active sites, 
there is a need for a surface science and microscopy approach to understand the 
structure and reactivity of atomically dispersed atoms on oxides. 
We have studied the structure and reactivity of individual Pt atoms supported on 
oxidized Cu using scanning tunneling microscopy (STM) and temperature programmed 
reaction (TPR). We first elucidated the structure of the support, a previously observed 
but unsolved Cu2O overlayer on Cu, by density functional theory (DFT) and comparison 
of simulated STM images with experimental STM. We discovered that the oxide surface 
is inert towards CO oxidation, while the single Pt atom decorated surface is efficient for 
low-temperature CO oxidation. This system is also capable of water activation. Our 
combination of TPR and STM studies suggest that single Pt atoms supported on the 
oxide are indeed catalytically active and may be a good catalyst for the water-gas shift 
reaction. 
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Crossovers from dynamics to kinetics of colloidal particle adsorption at liquid 
interfaces: A Langevin dynamics approach 

Carlos E. Colosqui2, carlos.colosqui@stonybrook.edu, Amir M. Rahmani2, Anna 
Wang3, Vinothan Manoharan1. (1) School of Engineering and Applied Sciences, 
Harvard University, Cambridge, Massachusetts, United States (2) Mechanical 
Engineering Department, Stony Brook University, Stony Brook, New York, United States 
(3) School of Engineering and Applied Sciences, Harvard University, Boston, 
Massachusetts, United States  

The adsorption of single colloidal microparticles (0.5-1 micron radius) at a water-oil 
interface has been recently studied experimentally using digital holographic microscopy 



[Kaz et al., Nat. Mater. 2012]. These experimental observations have revealed an initial 
fast adsorption dynamics, driven by reduction of surface energy, followed by a very slow 
kinetic process that can span over several hours or even days until reaching 
thermodynamic equilibrium. The unexpectedly slow adsorption process has been 
attributed to the presence of numerous surface defects with nanoscale dimensions (1 to 
5 nm) that can induce multiple metastable configurations of the contact line perimeter. 
Analytical models based on Kramers transition theory [Colosqui et al., Phys. Rev. Lett. 
2013] have been employed to describe the observed kinetic rates and the crossover 
point where the adsorption becomes a thermally activated process. The adsorption 
dynamics observed before the crossover exhibits nontrivial features and has remained 
largely unstudied. 
This oral presentation will discuss the development of a Langevin dynamics model that 
is able to describe the entire adsorption process of single colloidal particles by 
considering (1) deterministic forces induced by surface energy profiles with mutliple 
minima and (2) random forces due to thermal fluctuations of the particle position and 
local contact angle with the liquid interface. Thermal fluctuations give rise to nontrivial 
dissipative forces that are estimated by means of the fluctuation-dissipation theorem. 
The proposed Langevin model yields close agreement with experimental observations 
for polysterene microparticles having different surface functionalization and describes 
both the (fast) capillary-driven dynamics and (slow) thermally-activated kinetics of 
adsorption. 
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Evaporative diffusiophoresis in coffee rings modulates particle patterns 

Rajarshi Guha2, rajarshisoft@gmail.com, Farzad Mohajerani2, Ayusman Sen3, Darrell 
Velegol1. (1) Chemical Engineering, Penn State University, State College, 
Pennsylvania, United States (2) Chemical Engineering, Pennsylvania State University, 
State College, Pennsylvania, United States (3) Chemistry, Pennsylvania State 
University, State College, Pennsylvania, United States  

Coffee rings are natural phenomena ubiquitous in evaporative drying of colloidal 
suspensions and are thought to be associated with only evaporation induced capillary 
convection. In applications related to spray painting, coating and ink-jet printing, non-
equilibrium convection driven particle aggregation causes peripheral ring structures 
which can be reversed using higher aspect ratio particles or Marangoni convection. On 
the other hand, in drop coating deposition Raman (DCDR), size dependent separation, 
probe induced hybridization, DNA stretching etc. require formation of strong coffee 
rings. Despite several technological advances to control the coffee ring effect, 
modulation has not been achieved successfully. We have demonstrated both 
experimentally and theoretically that diffusiophoresis to be one of the dominant self-
assembly mechanisms in naturally evaporating saline droplets and is efficient to 
concentrate or disperse the coffee rings according to the salt generated intrinsic electric 
fields. Such diffusiophoretic coffee ring structures represent molecular blue print of 
solutes and particle surface charges. Changing either the internal electric field or 



particle surface charge regulates the coffee ring structure in terms of thickness and 
breakage. Furthermore, we have demonstrated that this effect can be used to achieve 
identification of solutes, uniform surface deposition in spray drying and drop coating, 
modulation of coffee ring patterns and even surface charge dependent separation of 
particles. We envisage use of such diffusiophoretic tool in droplet evaporation to several 
point-of-care testings such as cancer cell diagnosis based on reduced zeta potentials, 
substrate dependent enzyme assays etc. along with controlled dispersion of particles in 
paint, cosmetic and electronic applications. 
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Transport of a partially wetted single particle at the liquid/vapor interface under 
the influence of an externally imposed surfactant generated Marangoni stress 

Ramankur Sharma2, ramankur@andrew.cmu.edu, Timothy Corcoran3, Stephen 
Garoff4, Todd M. Przybycien2, Robert D. Tilton1. (1) Dept Chemical Eng, Carnegie 
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Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (3) Department of 
Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania, United States (4) Physics, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Gradients in the surface excess concentration of surfactants adsorbed at a liquid/vapor 
interface create surface tension gradients that drive Marangoni flows. We investigate 



transport of a partially wetted particle at a liquid/vapor interface under the influence of 
Marangoni flows. We deposit a microliter drop of soluble (sodium dodecyl sulfate) or 
insoluble (oleic acid) surfactants on a water subphase and observe the transport of a 
single, pre-deposited particle. We observe that a spreading surfactant front, moving 
faster than the drop contact line itself, initiates particle motion but then moves beyond 
the particle. We identify the two forces acting on the particle: 1) a surface tension force 
acting on the three-phase contact line around the particle periphery due to the surface 
tension gradient at the liquid/vapor interface and 2) a viscous force acting on the 
immersed fraction of the particle due to differences in the velocities of the liquid and 
particle. We find that the particle velocity evolves over time in two regimes: In regime 1, 
the particle quickly accelerates and reaches a maximum velocity; in regime 2, the 
particle more gradually decelerates and stops. We identify and systematically vary key 
parameters that affect the two forces acting on the particle, including initial particle 
distance from the drop, particle diameter, subphase thickness, particle wettability and 
surfactant solubility. We find that the spatial and temporal evolution of the particle 
velocity strongly depends on the solubility of the surfactant, as desorption and 
dissolution of soluble surfactants provide additional mechanisms not available to 
insoluble surfactants to relieve surface tension gradients. 
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Bubble meets droplet: Particle-assisted reconfiguration of wetting and dewetting 

James C. Meredith2, carson.meredith@chbe.gatech.edu, Yi Zhang2, Sven H. 
Behrens1. (1) Chemical Biomolecular Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, United States (2) Chemical & Biomolecular Engineering, Georgia 
Tech, Marietta, Georgia, United States  

Wetting in colloidal multiphase systems plays a major role in many industrial processes, 
including encapsulation, enhanced oil recovery, water purification, ore processing, and 
food technology. The wetting of a liquid droplet by a second fluid in a third immiscible 
fluid medium can result in three possible wetting morphologies: non-wetting, partial 
engulfment, and complete engulfment of one drop by the other. Each of the three 
wetting configurations is preferred in different applications. A given fluid system, 
however, does not always adopt the desired wetting configuration; hence there is 
interest in methods to tune wetting configuration on demand. Particles with suitable 
wettability can be strongly adsorbed to the interface of immiscible fluids because of high 
adsorption energy. Although it was recognized more than a century ago that particles 
can act as stabilizers in colloidal multiphase systems, it is still unknown whether 
particles can also act as wetting or progressive de-wetting modifiers. We demonstrate 
that wetting configuration can be tuned by selection of appropriate colloidal particles, as 
predicted by an effective spreading coefficient. The wetting and engulfment of an air 
bubble by an oil droplet in a water medium was used as a model system because it is 
relevant in a wide variety of industrial processes. We demonstrate that particles can be 
used both to promote “bubble wetting” and induce the complete bubble engulfment by 
an oil drop and to trigger “bubble de-wetting”, i.e. substantially reduce the oil-bubble 



contact area. This study yields a new strategy to predict and control the wetting 
configuration in colloidal multiphase systems, with potential benefits in a wide range of 
research fields, industrial processes, and commercial products. 
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Controlled wettability and characterization of nanofibrous platforms through 
incorporation of functionalized fumed silica particles 

Mackenzie T. Geiger1, geigem31@gmail.com, Martin Dufficy2, Christopher A. Bonino3, 
Saad Khan1. (1) Chemical & Biomolecular Engineering, North Carolina State University, 
Raleigh, North Carolina, United States (3) RTI International, Durham, North Carolina, 
United States  

Fumed silica (FS) particles with hydrophobic (R805) or hydrophilic (A150) surface 
functionalities are incorporated in polyacrylonitrile (PAN) fibers by electrospinning to 
produce mats with controlled wettability. Rheological measurements are conducted to 
elucidate the particle-polymer interactions and characterize the system while 
microscopic and analytic tools are used to examine FS location within both fibers and 
films to aid in the fundamental understanding of wetting behavior. Unlike traditional 
polymers, we find these systems to be gel-like, yet electrospinnable; the fumed silica 
networks break down into smaller aggregates during the electrospinning process and 
disperse both within and on the surface of the fibers. Composite nanofiber mats 
containing R805 FS exhibit an apparent contact angle over 130o and remain 
hydrophobic over 30 minutes, while similar mats with A150 display rapid surface-
wetting. Wicking experiments reveal that the water absorption properties can be further 
manipulated, with R805 FS-impregnated mats taking up only 8% water relative to mat 
weight in 15 minutes. In contrast, PAN fibers containing A150 FS absorb 425% of water 
in the same period, even more than the pure PAN fiber (371%). The vastly different 
responses to water demonstrate the versatility of FS in surface modification, especially 
for sub-micron fibrous mats. As a model platform for fumed silica containing 
composites, we have expanded our research to explore characteristics beyond that of 
solely wetting behavior. 
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Wetting behavior, shape, and morphology of sessile lyotropic liquid crystal 
microdroplets on solid surfaces 

Vida Jamali2, vj4@rice.edu, Paul van der Schoot3,4, Matteo Pasquali1. (1) Rice 
University, Houston, Texas, United States (2) Chemical and Biomolecular Engineering, 
Rice University, Houston, Texas, United States (3) Physics, Utrecht University, Utrecht, 
Netherlands (4) Applied Physics, Eindhoven University of Technology, Eindhoven, 
Netherlands  



When deposited on a solid surface, liquid droplets spread to minimize their free energy. 
In the absence of gravity, their shape is determined by the droplet size and by the 
interfacial free energies that cause the formation of spherical cap-shaped droplets with 
circular contact lines. Conversely, sessile nematic liquid crystal droplets coexisting with 
the isotropic phase form non-circular elongated domains with a flattened spindle-like 
shape. These elongated domains are due to the interplay of elastic, interfacial, and 
anchoring free energies and are particularly the case in lyotropic liquid crystal systems 
where the surface tensions are extremely low. In this work, we developed a theoretical 
model for sessile liquid crystalline droplets on a flat solid substrate that we found in 
solutions of carbon nanotubes in chlorosulfonic acid in contact with a glass wall. We 
found that the sign and the magnitude of the line tension as well as the solid surface 
wetting properties determine the transition in both shape (from elongated to spherical) 
and droplet spreading behavior (from partial to complete wetting). This theoretical model 
is particularly useful for characterizing the line tension in lyotropic systems, which to our 
knowledge is still unexplored. 

CSSS 445 

Behaviors of 'caged' liquid crystal droplets in suspension and on surfaces 

Xuanrong Guo1, xguo49@wisc.edu, Uttam Manna2, Matthew Carter3, Nicholas L. 
Abbott1, David M. Lynn1. (1) Chemical and Biological Engineering, University of 
Wisconsin-Madison, Madison, Wisconsin, United States (2) IIT-Guwahati, Guwahati, 
India (3) Department of Chemistry, University of Wisconsin-Madison, MADISON, 
Wisconsin, United States  

Droplets of thermotropic liquid crystals (LCs) suspended in water respond to the 
presence of amphiphilic molecules and thus provide platforms for the design of colloidal 
LC sensors. We have developed approaches to the immobilization of LC droplets on 
surfaces that expand the potential utility of droplet-based LC sensors. This work exploits 
strategies for the reactive/covalent layer-by-layer assembly of hollow microcapsules, 
followed by partial filling with droplets of LCs to create so-called ‘caged’ LC droplets. 
Caged LCs functionalized with primary amines can be immobilized on surfaces through 
weak/reversible ionic interactions and through the formation of covalent bonds. 
Covalently immobilized caged LCs undergo diagnostic changes in optical appearance, 
shape, and rotational mobility upon exposure to aqueous amphiphiles, including 
changes in droplet wetting behaviors that are not observed, or cannot be attained, using 
conventional ‘bare’ LC droplets. We demonstrate that immobilized LC droplets can be 
used to detect both increases and decreases in the concentrations of amphiphilic 
species, and that arrays of immobilized LC droplets retain their ability to respond to 
analytes even after being removed from water and stored in a dry state for several 
months. These results address issues associated with the preparation and application 
of conventional LC-in-water emulsions and provide a basis for the development of new 
‘off-the-shelf’ LC droplet-based sensing platforms. Finally, we will discuss the impacts of 
capsule design parameters on stimuli-responsive changes in the shapes and wetting 



behaviors of the LC droplets in suspensions of caged LCs that offer new opportunities 
to design anisotropic microparticles with complex geometries. 
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Forces, pressures and energies associated with liquid rising in heterogeneous 
capillary tubes with chemical gradients 

Charles W. Extrand, chuck.extrand@cpcworldwide.com. CPC, St. Paul, Minnesota, 
United States  

In this theoretical study, the forces, pressures, energies and kinetics for liquid rising in 
three types of capillary tubes were analyzed: one type was chemically homogeneous 
and the other two were heterogeneous with chemical gradients. The tubes with 
chemical gradients were “designed” such that the liquid would still rise and attain the 
same ultimate height as an equivalent homogenous tube, but as shown here, the 
energies and kinetics of these heterogeneous tubes are anticipated to be quite different 
from their homogeneous counterpart. 
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Complex nanoemulsions: Novel building blocks for colloidal materials 

Matthew E. Helgeson, helgeson@engineering.ucsb.edu. Chemical Engineering, UC 
Santa Barbara, Santa Barbara, California, United States  

The past decade has seen significant advances in our ability to produce emulsions 
containing complex droplet morphologies and assemblies toward engineering new 
designer materials. These capabilities are mostly limited to droplets whose size (several 
microns or larger) lies just at the edge of the colloidal domain. However, some of the 
most promising applications lie at the nanoscale, where such emulsions could be used 
to create particles and materials with novel properties that take advantage of nanoscale 
phenomena. At the same time, complex nanoemulsions present considerable 
challenges due to the dramatic changes in droplet formation and colloidal behavior 
when their size is driven to the nanoscale. 
To address this challenge, we have developed new strategies to carefully tune the 
morphology, interactions and assembly of complex nanoemulsions. One example 
involves the development of a scalable process to produce internally structured 
nanodroplets by combining high-energy emulsification methods to produce them, and 
careful choice of surfactants to tune their preferred interfacial curvature. Although these 
complex nanodroplets can be used to template nanoparticles with sophisticated internal 
structure, the templating process reveals new challenges that arise when material 
chemistry is confined to the nanoscale. Another example involves the development of 
nanodroplets with thermoreversible attractions, allowing for well-controlled formation of 
droplet assemblies including colloidal gels and glasses. We have used these 
nanoemulsions to understand the mesoscale dynamics that drive structural coarsening 



during colloidal phase instability and gelation, ultimately to enable sophisticated thermal 
processing strategies for structuring colloidal gels with significantly enhanced 
mechanical properties, similar to what is done in hard materials. Ultimately, these 
capabilities provide new methods for liquid-phase synthesis of novel colloids and soft 
materials. 
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Understanding shape control of noble metal nanoparticles through the lens of 
basic chemistry 

Michelle L. Personick, mpersonick@wesleyan.edu. Chemistry, Wesleyan University, 
Middletown, Connecticut, United States  

Nanoscale materials have become a topic of intense research interest due to the unique 
physical and chemical properties that emerge when at least one dimension of a material 
is between 1 and 100 nm. In addition to being composition- and size-dependent, many 
of these emergent properties are also strongly dependent on shape, particularly for 
noble metals such as gold and silver. These shape-tailorable properties have potential 
applications in areas such as catalysis, spectroscopy, and biological labeling, and thus 
the controlled synthesis of noble metal nanoparticles is an important area of study. As a 
result, a number of synthetic methods, which include thermal, photochemical, and 
templated methods, have been developed to achieve control over the shape of noble 
metal nanoparticles. The formation of metal nanoparticles with defined shapes can be 
understood using basic chemical parameters and concepts, such as reduction potential, 
solubility, and adsorbate binding strength. In the context of these parameters, the 
factors which dictate nanoparticle shape in the seed-mediated synthesis of gold 
nanoparticles can be classified into two growth pathways: (1) kinetic control and (2) 
selective surface passivation. Understanding nanoparticle growth mechanisms in terms 
of simple chemical principles enables mechanistic insights to be more easily applied to 
other syntheses and gives them greater predictive power in the development of new 
preparations of other metal nanoparticles with well-defined shapes. 
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Keynote Lecture: Gravitational collapse of colloidal gels: Structure, dynamics, 
and rheology 

Roseanna Zia, zia@cbe.cornell.edu, Poornima Padmanabhan. Chemical Engineering, 
Cornell University, Ithaca, New York, United States  

We investigate the phenomenon of gravitational collapse in colloidal gels via dynamic 
simulation. In moderately concentrated gels formed via arrested phase separation, 
rupture and re-formation of bonds of strength O(kT) permit ongoing structural 
rearrangements that lead to temporal evolution – aging – of gel structure and rheology. 
The reversible nature of the bonds also allows the gel to transition from solid-like 



behavior to liquid-like behavior under external forcing, and back to solid-like behavior 
when forcing is removed. But such gels have also been shown to be susceptible to 
sudden and catastrophic collapse of the entire structural network, after which the gel 
sediments into a dense layer, eliminating any intended functionality of the network 
scaffold. Although the phenomenon is well studied in the experimental literature, the 
microscopic mechanism underlying the collapse is not understood. To study this 
behavior, we conduct large-scale dynamic simulation to model structural and rheological 
evolution in colloidal gels subjected to gravitational stress, examining the detailed micro-
mechanics in three temporal regimes: slow, pre-collapse evolution; collapse and rapid 
sedimentation; and long-time compaction. A range of attraction strengths and gel ages, 
and their effect on the critical force that triggers collapse, are studied. 
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Using time-evolution of sessile drop profiles to estimate solvent diffusivity in 
solid substrates 

Molly Clay2, molly.clay12@gmail.com, Michael Bell1, Rajagopalan Srinivasan2, Ali 
Borhan3, Ramanathan Nagarajan2. (1) Department of Physics, Penn State University, 
University Park, Pennsylvania, United States (2) Natick Soldier Research, Development 
& Engineering Center, Natick, Massachusetts, United States (3) Department of 
Chemical Engineering, Penn State University, University Park, Pennsylvania, United 
States  

The development of barrier materials to protect against chemical and biological threats 
requires the knowledge of diffusivity of these threats through materials. A drop-volume 
method that monitors the time evolution of the contact angle of a 1-2µL sessile droplet 
of a solvent on the surface of a substrate, is a safer approach to immersion testing. 
However, methods of estimating diffusivities from the experimental data can be 
computationally intensive. Presented here is an alternate approach based on 
approximate analytical solutions requiring minimal computational effort, and using 
measurements of the time evolution of contact angle, basal radius, and apex height for 
a sessile droplet resting on a solid substrate. These changes can occur due to both 
evaporation into air and absorption into the substrate, therefore the solvent is first 
analyzed on an impermeable substrate and then on the permeable substrate of interest. 
We present two different methods for analyzing experimental measurements of the time 
evolution of drop shape. In both methods, the droplet is assumed to maintain a 
spherical cap shape throughout the evaporation/absorption process. The first method 
assumes the drop to have a pinned basal radius during the experiment, and the contact 
angle data are fit directly to the solution of the equations governing the time-evolution of 
contact angle. In the second method, the assumption of a fixed basal radius is relaxed 
by using measurements of instantaneous basal radius and apex height from snapshots 
of the drop profile to calculate the volume of the droplet as a function of time. The 
resulting drop volume vs. time data is then fit to theoretical predictions of the time-
evolution of drop volume using evaporation/absorption rates that are based on the 



instantaneous basal radius of the drop. Both methods provide comparable estimates for 
diffusivity in the cases presented. 
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Extending total internal reflection microscopy to systems of anisotropic particles 

Christopher G. Bolton1,2, cgbolton@student.unimelb.edu.au, Raymond Dagastine1,2. 
(1) Chemical & Biomolecular Engineering, University of Melbourne, Melbourne, Victoria, 
Australia (2) Particulate Fluids Processing Centre, University of Melbourne, Melbourne, 
Victoria, Australia  

Advances in the control of colloidal self-assembly processes have been enabled by a 
suite of surface force measurement techniques optimised for systems of spherical 
particles, or otherwise symmetric geometries. With growing interest in the assembly of 
anisotropic particles (e.g. carbon nanotubes settling at an interface, or the alignment of 
rod-like zinc oxide crystals during solar cell fabrication), there is a strong incentive to 
develop surface force measurement techniques optimised for systems exhibiting either 
geometric or compositional anisotropy. One promising approach is the extension of total 
internal reflection microscopy (TIRM), an established direct force measurement 
technique capable of providing three-dimensional particle positions with nanometre 
resolution at sub-millisecond timescales. Conventional TIRM is used to measure the 
hydrodynamics and order-kBT interaction potentials of spherical micro or nanoparticles 
levitated above a surface, and is based on observing the inelastic scattering of 
evanescent fields; for spheres, this scattering is well-described by generalised Lorentz-
Mie theory. An extension of TIRM for anisotropic particles requires a description of 
evanescent scattering to include up to three additional spatial dimensions (i.e. pitch, tilt 
and yaw) to account for non-degenerate rotational degrees of freedom. Bridging this 
gap in complexity has required the construction of finite-element models to solve 
Maxwell’s field equations directly, enabling the quantification of scattering in systems of 
particles with arbitrary geometry and composition. The insights gained from this 
modelling work have guided the design and assembly of an experimental apparatus that 
extends the utility of TIRM to observe systems of diffusing anisotropic particles while 
retaining the advantages of high spatiotemporal resolution. We will discuss our 
development of anisotropic TIRM, describe the way in which evanescent scattering 
models have been used to enable and complement experimental analysis, and present 
some innovations in particle sizing related to this new method. 
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Interaction of colloidal particles at an oil-water interface 

Zonglin Yi1, zonglinyibetty@gmail.com, Peng Gao2,3, hgaopeng@mail.ustc.edu.cn, 
Fan Jin2,3, fjinustc@ustc.edu.cn, To Ngai1, tongai@cuhk.edu.hk. (1) The Chinese 
University of Hong Kong, Shatin N T, Hong Kong (2) University of Science and 



Technology of China, Hefei, China (3) Hefei National Laboratory for Physical Sciences 
at the Microscale, Hefei, China  

The assembly of charged colloidal particles at fluid-fluid interfaces and manipulating the 
interfacial pattern has been active areas of fundamental and applied research for its 
wide relevance to emulsions, capsules and functional films in fields like food, 
agricultural and cosmetic industry. Theinterfacial interactions among colloidal particles 
trapped at interfaces, particularly at oil-water interfaces, have been both theoretically 
and experimentally studied. However, consensus about repulsions and attractions 
between interfacial particles has not yet been reached. 
 
Previously, we have shown that the interaction between interfacial colloids is highly 
related with the spreading solvents like isopropanol that is used to aid the spreading of 
particle onto the oil/water interface. Our result demonstrated that colloidal particles 
could spontaneously generate unstable residual charges at the particle/oil interface 
when spreading solvent was used to disperse them at the oil/water interface. These 
residual charges in turn affect the long-ranged electrostatic repulsive forces and packing 
of particles at the interface. To further uncover the influence of the spreading solvents 
on interfacial particle interactions, we recently utilized pure buoyancy to drive the 
particles onto the oil/water interface and compared the differences between such 
spontaneously adsorbed particle monolayer to the spread monolayer based on solvent 
spreading technique. We show that solvent-free method could also lead particles to 
spread well at the interface, but it does not result in violent sliding of particles along the 
interface. More importantly, this additive-free spreading method can avoid the formation 
of unstable residual charges at the particle/oil interface. These findings agree well with 
our previous hypothesis; namely, those unstable residual charges are triboelectric 
charges that arise from violently rubbing of particles to oil at the interface. 

 

 
 
Time evolutions of pair potentials of polystyrene microspheres trapped at an octane/D2O arising 
from two spreading methods. a) Spreading via the microinjection of particles suspensions 
containing isopropanol; b) Spreading via the buoyancy that drive particles floating to the 
interface 
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Hydrodynamic entrainment in spherically confined colloidal suspensions 

Christian Aponte-Rivera, caa225@cornell.edu, Yu Su, Roseanna Zia. Robert 
Frederick Smith School of Chemical and Biomolecular Engineering, Cornell University, 
Ithaca, New York, United States  

We study diffusion and rheology of hydrodynamically interacting particles confined by a 
spherical cavity via dynamic simulation, as a model for intracellular and other micro-
confined biophysical transport. Previous models of 3D confined transport either focused 
on the motion of a single confined particle or studied collections of particles while 
neglecting hydrodynamic interactions. Such approximations are motivated by the 
challenge of modeling both far-field many-body and near-field lubrication interactions 
and how such interactions are influenced by the presence of a confining cavity. 
However, biophysical and other confined systems are crowded, watery environments 
populated with a multitude of hydrodynamically interacting microscopic particles. In our 
recent work, we developed a theoretical framework and implemented it in a Stokesian 
dynamics framework to simulate the motion of many hydrodynamically interacting 
particles confined inside a spherical cavity. We showed that the presence of the 
confining cavity influences the configuration of confined particles and, in turn, exerts a 
pronounced qualitative influence on the self-diffusion of colloidal particles. In the present 
work, we utilize our framework for spherically confined suspensions to study the effect 
of 3D confinement on particle entrainment. Recent studies have shown that in unbound 
suspensions, increasing the suspension volume fraction does not lead to a change in 
the algebraic decay of hydrodynamic entrainment, that is, crowding does not lead to 
hydrodynamic screening. In contrast, studies involving a dilute system of particles near 
a single planar wall have observed that the presence of the boundary can lead to a 
change in the algebraic decay of hydrodynamic entrainment. In this work, we show how 
the presence of the spherical cavity impacts entrained motion in 3D confined colloidal 
suspension. We calculate the hydrodynamic entrainment between particle pairs when 
these are immersed in an intervening medium of freely diffusing bath particles. This 
allows us to determine how hydrodynamic entrainment changes as a function of particle 
position, volume fractions, and particle-to-cavity size ratio. We also discuss the 
implications of these findings for intracellular and other micro-confined biophysical 
transport. 
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A novel apparatus to study particle-laden interface: Simultaneous measurement 
of surface pressure and interfacial particle interactions 

Mehdi Molaei, mehdi.molai@gmail.com, John C. Crocker. Chemical and Biomolecular 
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States  



Effects of interfacial particle interactions on formation and dynamics of particle-laden 
interfaces have been of fundamental importance recently. While different interfacial 
rheometry techniques provide extensive information about interface dynamic response 
to adsorbance and interfacial colloidal particles interactions, they lack in serving direct 
observations of interparticle and particle-interface interactions. To overcome this 
limitation, taking advantage of novel 3D-printing technologies, we have developed a 
new apparatus to simultaneously study dynamics of fluid-fluid interfaces and observe 
the particles trapped on them. The interface between two fluids in the apparatus forms 
two different segments: A 3D twisted meniscus imaged to measure the surface tension 
of the interface and a 2D flat interface allowing optical access to monitor the particles on 
the surface. Developing this apparatus, compression and dilation of particle-laden 
interfaces can be performed without change in total concentration of the colloidal 
particles and also the volume of the two phases. Furthermore, miniature size of this new 
apparatus makes it feasible to install it on any conventional microscope stage allowing 
advanced imaging techniques to track the particles on the interface as well as observe 
the 2D structure formed by them. Utilizing this new developed device, we study 2D 
interfacial suspension of gold nanoparticles grafted with ligands, by concurrently 
measuring the surface pressure of the interface and directly probing the interfacial 
nanoparticle interactions upon compressing and dilating the interface. 
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Using a stochastic field theory to understand active colloidal suspensions 

Yuzhou Qian1, qiany4@rpi.edu, Peter Kramer2, Patrick Underhill1. (1) Chemical and 
Biological Engineering, Rensselaer Polytechnic Institute, Troy, New York, United States 
(2) Mathematics, Rensselaer Polytechnic Institute, Troy, New York, United States  

Active colloidal suspensions are an important class of materials that appear both in 
natural biological systems (e.g. bacteria or algae) and in synthetic systems. Even 
without external forcing they are out of equilibrium, which gives rise to interesting 
properties in both small and large concentrations of the particles. These properties have 
been observed in experiments as well as simulation/modeling approaches. It is 
important to understand how hydrodynamic interactions between active colloids cause 
and/or alter the suspension properties including enhanced transport and mixing. One of 
the most successful approaches has been a mean field theory. However, in some 
situations the mean field theory makes predictions that differ significantly from 
experiments and direct (agent or particle based) simulations. There are also some 
quantities that cannot be calculated by the mean field theory. In this talk, we will 
describe our new approach which uses a stochastic field to overcome the limitations of 
the mean field assumption. It allows us to calculate how interactions between organisms 
alter the correlations and mixing even in conditions where there is no large-scale group 
behavior. 

CSSS 456 



LaMer Keynote Lecture: Inverse opal scaffolds for biomedical applications 

Y. Shrike Zhang, shrikezhang@gmail.com. Harvard Medical School, Cambridge, 
Massachusetts, United States  

This talk centers on the fabrication, engineering, and characterization of the inverse 
opal scaffolds, a novel class of three-dimensional (3D) porous scaffolds made of 
biocompatible materials, for applications in biomedicine. The unique features of the 
inverse opal scaffolds include a long-range well-ordered structure, uniform and finely 
tunable cavity sizes, high interconnectivity, and excellent reproducibility. The talk will 
start from fabrication and functionalization of inverse opal scaffolds, where their 
advantages will be exemplified by comparing with counterpart scaffolds containing 
spherical but non-uniform cavities. Instances are subsequently illustrated where the 
inverse opal scaffolds have been successfully utilized as a well-defined system to 
investigate the effect of cavity size of a 3D porous scaffold on the behavior of cell and 
tissue growth. For example, the differentiation of progenitor cells in vitro is dependent 
on the cavity size of the scaffolds and the behavior of the cells may be determined by 
the size of individual cavities where the cells resided in; and the neovascularization 
process in vivo can be directly modulated by a combination of different cavity and 
window sizes of the inverse opal scaffolds upon subcutaneous implantation. The talk 
will also briefly discuss non-invasive characterization techniques based on volumetric 
imaging used to investigate the cell/tissue and scaffold interactions both in vitro and in 
vivo. 
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Study of the kinetics of cell specific adhesion in porous media as a function of 
cell velocity 

Julie Brouchon1, jbrouchon@g.harvard.edu, Jean Baudry2, Jerome Bibette2. (1) SEAS, 
Harvard University, Cambridge, Massachusetts, United States (2) ESPCI, Paris, France  

Cell specific adhesion plays a determinant role in many biological processes, such as 
cell migration, cell communication and leucocyte recruitment from blood, which is the 
underlying principle of affinity cell sorting. We study the influence of cell velocity on the 
kinetics of specific cell adhesion for the model system of a suspension of biotinylated 
red blood cells flowing through a bed of packed glass beads that are functionalized with 
streptavidin (Figure 1). For low velocities, v < 1cm/s, the capture efficacy is constant 
whereas for greater velocities it decreases tenfold to about 0.1%. We interpret our 
results using colloid filtration theory originally developed for the adhesion of colloid 
particles in porous media. Our results provide fundamental insights in leucocyte 
recruitment from blood, and also demonstrate that adjusting the flow rate provides an 
additional control parameter for cell affinity chromatography. 
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Intrinsic degradation of alkanethiol self-assembled monolayer surfaces for cell 
confinement studies 

Bethany Almeida1, bethany_almeida@brown.edu, Anita Shukla2. (1) Biomedical 
Engineering, Brown University, Providence, Rhode Island, United States (2) School of 
Engineering, Brown University, Providence, Rhode Island, United States  



Stem cell shape is known to guide differentiation (Kilian 2010, Shukla 2015). We 
hypothesize that the effect of cell shape on differentiation, a dynamic process, is time 
dependent. To investigate this hypothesis, we have developed intrinsically degradable 
protein patterns using alkanethiol (2-{2-[2-(2-{2-[2-(1-mercaptoundec-11-yloxy)-ethoxy]-
ethoxy}-ethoxy)-ethoxy]-ethoxy}-ethanol (OEG6)) self-assembled monolayers (SAMs) 
on nanometer scale gold (Au) surfaces. Physical and chemical surface properties were 
studied and linked to SAM degradation and stem cell behavior via atomic force 
microscopy, water contact angle, mass spectrometry, and x-ray photoelectron 
spectroscopy (XPS). 
 
By altering Au thickness (4, 8, and 10 nm), we were able to affect the intrinsic 
degradation rate of the SAMs and, as a result, cellular migration. XPS surface analysis 
of OEG6 SAMs incubated in 0.01 M PBS at 37 °C over time showed a significant 
decrease at 5 days in the C-S bond peak (indicative of thiols) for 4 and 10 nm Au and 7 
days for 8 nm Au. The greatest decrease was in 4 nm Au, decreasing 23% from day 1 
to day 5, followed by 10 nm Au with a 22% decrease from day 0 to day 5, and 8 nm Au 
with a 7% decrease from day 0 to day 7; results indicate greatest stability on the 8 nm 
surfaces (fig a-c). Human mesenchymal stem cells (HMSCs) seeded on bare 
fibronectin-coated glass surrounded by OEG6-coated Au were found to migrate into the 
initially non-adhesive OEG6 regions at the times predicted by XPS (fig d-f). These 
results were further supported by other physical and chemical characterization, 
indicating that both Au mottling and oxidation rates vary on thicknesses differing by only 
a few nanometers. Based on these studies, we fabricated degradable alkanethiol-
protein patterns to study the behavior of confined stem cells over time. 

 

 
 
a-c) 4, 8, and 10 nm Au OEG6 SAM XPS spectra. e-f) HMSCs cultured in 1:1 v/v 



osteogenic:adipogenic medium on fibronectin-coated glass surrounded by OEG6 SAMs stained 
for F-actin and nuclei. Scale = 200 µm. *p 
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Effect of assembly pH on polyelectrolyte multilayer surface properties and BMP-2 
release 

Amy M. Peterson1, ampeterson@wpi.edu, Xuejian Lyu2, Claire Salvi1. (1) Chemical 
Engineering, Worcester Polytechnic Institute, Worcester, Massachusetts, United States 
(2) Mechanical Engineering, Worcester Polytechnic Institute, Worcester, 
Massachusetts, United States  

The effect of solution pH during layer-by-layer buildup of polyelectrolyte multilayer 
(PEM) coatings on properties relevant to orthopedic implant success was investigated. 
Bone morphogenetic protein 2 (BMP-2), a potent osteoconductive growth factor, was 
adsorbed onto the surface of anodized titanium, and PEM coatings prepared from 
solutions of poly-L-histidine and poly(methacrylic acid) were built on top of the BMP-2. 
High levels of BMP-2 released over several months were achieved. Approximately 2 
µg/cm^2 of BMP-2 were initially adsorbed on the anodized titanium and a pH-dependent 
release behavior was observed, with more stable coatings assembled at pH = 6-7. 
Three different diffusion regimes could be determined from the release profiles: an initial 
burst release, a sustained release regime and a depletion regime. BMP-2 was shown to 
maintain bioactivity after release from a PEM and the presence of a PEM was shown to 
preserve BMP-2 structure. No visible change was observed in surface roughness as the 
assembly pH was varied, whereas the surface energy decreased for samples prepared 
at more basic pH. These results indicate that the initial BMP-2 layer affects PEM 
surface structure, but not the functional groups exposed on the surface. 
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Bio-deuterated cellulose thin films for the visualization of biomolecules at the 
solid/liquid interface 

Gil Garnier1, gil.garnier@monash.edu, Vikram Raghuwanshi1, Jielong Su1, Chris 
Garvey2, Warren Batchelor1, Warwick Raverty1, Stephen Holt2, Peter Holden2. (1) 
Monash University, Clayton, Victoria, Australia (2) ANSTO, Sydney, New South Wales, 
Australia  

Cellulose is the most prevalent polymer. It is a low cost, sustainable, hydrophilic, 
biodegradable, biocompatible and easy to functionalize due to its 6 hydroxyl groups per 
anhydrocellobiose monomer [1]. Cellulose is an important commodity material with 
significant industrial applications. The adsorption and desorption of antibodies at the 
cellulose/liquid interface governs many aspects that are critical for the engineering of 
paper bio-diagnostics for applications such as blood typing. However, experimentally 
derived information on the structure and density of absorbed antibodies at cellulose 



surfaces remains limited. In the present study, we report on the preparation of thin and 
smooth bio-deuterated cellulose films to visualize adsorbed biomolecules by using 
contrast variation neutron reflectivity (NR) measurements. High degrees of deuteration 
into cellulose was achieved by growing Gluconacetobacter xylinus strain ATCC 53524 
in deuterated glucose and deuterated glycerol carbon sources and using growth media 
containing D2O. Deuterated cellulose derivatives were obtained from trimethylsilylation 
in ionic liquid (1-butyl-3-methylimidazolium chloride), and then dissolved in toluene for 
thin film preparation by spin-coating followed by the regeneration to deuterated cellulose 
on exposing to acidic water vapour. A model enzyme, Horse Radish Peroxidase (HRP) 
and a human IgG were adsorbed from solution onto cellulose films (deuterated or not) 
and analysed by NR for thickness and surface fraction. Bio-deuterated cellulose films 
provide superior contrast to neutron scattering with respect to the non-deuterated 
proteins, which permits to visualize and quantify adsorbed macro-proteins, onto film 
surfaces. Results obtained from NR investigation allow to understand and optimize the 
interaction mechanisms between cellulose and biomolecules. 
 
1. Su et al; Journal of colloid and interface science 2015, 448, 88-99. 

CSSS 461 

A cellulose paper-assisted (CEPA) method for forming giant lipid vesicles of 
arbitrary lipid compositions in arbitrary aqueous buffers 

Anand Subramaniam, asubramaniam@ucmerced.edu, Kayleigh Kresse, Joseph 
Pazzi. School of Engineering, Univeristy of California, Merced, Merced, California, 
United States  

Giant unilamellar lipid vesicles (GUVs) — through the entrapment of enzymes, 
ribosomes, DNA, and cytoskeletal components — are useful in vitro models for cells. 
GUVs are also accessible structures to study biophysical processes, such as in-plane 
phase segregation of lipid molecules and membrane proteins, the budding of 
membranes, and the transport of molecules across membranes. Here we report a 
straightforward and potentially widely accessible technique to produce cell-sized GUVs 
that are free of residual solvents and that are not exposed to electric fields during the 
growth process. We find that in < 60 minutes cell-sized GUVs are formed with high yield 
and narrow size distributions when dried lipid films on cellulose filter paper were placed 
in aqueous buffers. Due to cellulose’s poor solubility in aqueous solvents, even at 
elevated temperatures, GUVs with binary and ternary lipid mixtures with high transitions 
temperatures can be formed with high yield. Furthermore, the porosity of paper allows 
gentle fluid flow normal to the paper, i.e. such as flow provided by hydrostatic pressure, 
to free GUVs into the bulk for further manipulation. Fluorescent labeling and analysis of 
the cellulose fibers demonstrated, as expected, no contamination of the GUV mixture 
with soluble cellulose. We find that GUVs can be formed in various aqueous media such 
as ultrapure water, physiologically relevant ionic buffers such as PBS, TRIS, and in 
sugar solutions such as sucrose. GUVs with appropriate binary and ternary lipid 



compositions demonstrate the expected phase behavior when quenched to 
temperatures that favor phase-coexistence. 
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Naturally occurring date palm spores (Phoenix dactylifera): Morphology and 
behaviour at fluid-fluid interfaces 

Amro K. Dyab1, amr.diab@mu.edu.eg, V N. Paunov2. (1) Chemistry, Minia University, 
Minia, Egypt (2) Chemistry, Hull University, Hull, United Kingdom  

Surface morphology and behaviour of Naturally occurring Date Palm spores (Phoenix 
Dactylifera) were investigated and characterised as potential source of biopolymer 
sporopollenin microcapsules for the first time. Sporopollenin, the biopolymer shell 
(exine) of pollen grains of higher plants, is a highly stable and versatile yet so far poorly 
characterised material that offers several advantages over man-made and other 
naturally occurring materials. Sporopollenin is easily extracted from its natural sources 
and contains only carbon, hydrogen and oxygen and is thus free from any allergens. 
Such uniformity is difficult and expensive to achieve in man-made products, especially 
in materials with a large cavity capable of encapsulating a wide range of polar and non-
polar materials. We show in this study for the first time a detailed morphology and 
characterisation of the Date Palm spores using different techniques such as SEM, TGA, 
elemental analyses, and optical and fluorescent microscopy. The behavior of these 
spores in different liquids and at different interfaces was investigated. Different 
extraction protocols were used to empty the original Date Palm spores from their 
genetic materials to obtain exines that are suitable for further encapsulation step. The 
Date Palm spores showed interesting unique phenomena where they swell in water only 
to form nice spherical microparticles and once dried they return to their original oval 
shape. SEM showed the detailed morphology of the spores surface and shape where 
the nanopores of 100 nm can be easily identified. We believe that the extracted Date 
palm sporopollenin will be an excellent potential for microencapsulation and other 
interfacial uses. 
References: 
Hamad, S. A., Dyab, A.K.F., Stoyanov, S.D., Paunov, V.N., “Encapsulation of living cells 
into sporopollenin microcapsules”, J. Mater. Chem., 21 (2011) 18018-18023. 
Hamad, S.A., Dyab, A.K.F., Stoyanov, S.D., Paunov, V.N., “Sporopollenin 
microcapsules for encapsulation of living cells”, MRS proceedings N – Fall 2012, 
N.181.1-6. 
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Nanoemulsions obtained via bubble bursting at a compound air-oil-water 
interface 

Jie Feng1, jiefeng@princeton.edu, Janine K. Nunes1, Sangwoo Shin1, Jing Yan2, 
Yonglin Kong1, Robert K. Prudhomme3, Luben N. Arnaudov4, Simeon D. Stoyanov4, 
Howard A. Stone1. (1) Department of Mechanical and Aerospace Engineering, 
Princeton University, Princeton, New Jersey, United States (2) Department of Molecular 
Biology, Princeton University, Princeton, New Jersey, United States (3) Department of 
Chemical and Biological Engineering, Princeton University, Princeton, New Jersey, 
United States (4) Unilever R&D, Vlaardingen, Netherlands  

Bursting of bubbles at an air/liquid interface is a familiar occurrence relevant to foam 
stability, cell cultures in bioreactors and ocean-atmosphere mass transfer. In the latter 
case, bubble bursting leads to the dispersal of sea-water aerosols in the surrounding 
air. Recently, we show that bubbles bursting at a compound air/oil/water-with-surfactant 
interface can disperse submicrometer oil droplets in water. Dispersal results from the 
detachment of an oil spray from the bottom of the bubble towards water during bubble 
collapse. We provide evidence that droplet size is selected by physicochemical 
interactions between oil molecules and the surfactants rather than by hydrodynamics. 
We also investigate the unrecognized role that this dispersal mechanism may play in 
the fate of the sea surface micro-layer and of pollutant spills by dispersing petroleum in 
the water column. Furthermore, inspired by this observation, we propose a new top-
down platform to generate functional oil-in-water nanoemulsions. We demonstrate 
scaled-up synthesis of nanoemulsions with stability for days, which offers the flexibility 



of further treatments and functionalization. By placing functional materials in the 
appropriate phase, we document that the bubbling system has the capability to produce 
nanoemulsions encapsulating functional materials, such as quantum dots, silica 
nanoparticles and lipid molecules. Considering the simplicity and energy efficiency of 
the new bubbling platform, together with the diversity of products and the potential for 
mass production, our one-step encapsulation system offers a new toolbox for 
generating (multi-)functional nanoemulsions and nanoparticles. 

 

 
 
(a) Experimental system. Inset: close-up of the compound interface. (b) After bubble bursting, 
we observe oil nanodroplets dispersed in the water phase, forming oil-in-water nanoemulsions. 
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Behaviour of polymer-nanoparticle composites at the air-water interface 

Kai Yu3, pmky@leeds.ac.uk, Huagui Zhang3, Olivier Cayre1, David Harbottle2. (1) 
Institute of Particle Science and Engineering, Leeds, United Kingdom (2) Institute of 
Particle Science and Engineering, University of Leeds, Leeds, United Kingdom (3) 
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In the current study poly(vinylpyrrilidone) (PVP) is used to facilitate the adsorption of 
hydrophilic silica nanoparticles (both common ingredients of formulated products) at the 
air-water interface. PVP is weakly surface active and the formation of silica-PVP core-
shell nanoparticles is shown to increase particle retention at the air-water interface. 
Increasing the electrolyte concentration (0 – 0.55 M) is also shown to have a marked 
effect on foam stability with three regimes of foam collapse identified i) rapid, ii) delayed 
and iii) long-term stability (more than 6 days). In the absence of an electrolyte 
foamability is poor and the foam collapses within a few minutes. At intermediate 
electrolyte concentrations (0.01 – 0.1 M) delayed foam collapse is observed, stable for ~ 
1 hr (0.1 M), followed by an almost linear rate dependent collapse of the foam during 
the next ~ 15 hr (0.1 M). At the highest electrolyte concentration (0.55 M) which is the 
theta condition for the PVP polymer, good foamability is once again observed, but 
following an initial reduction in the foam height (within 10 min) the foam stability remains 
virtually unchanged. These observed transitions in foam stability were better understood 
using a range of surface characterisation techniques including: Langmuir trough, 



interfacial shear rheology and imaging, to explore the characteristics of the formed 
particle films at the interface. isotherms confirm an increased resistance to interfacial 
film compressibility at higher salt concentrations, which indicates increased particle 
retention and increased particle desorption energy. This is also confirmed by interfacial 
shear rheology which confirms strong elasticity of the stabilized layer, exhibiting a yield 
point greater than 1% strain. Scanning Electron Micrographs of the withdrawn 
Langmuir-Blodgett particle films confirm tight packing of the particle network under low 
compressional loading at the intermediate electrolyte concentrations, and eventual 
wrinkling of the interfacial films at high compressional loading. Work is ongoing to 
explore further the mechanism for arrested destabilization of the high electrolyte foam. 
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Visualization of dispersant dynamics at liquid-liquid interfaces using Nile red-
polyethylene glycol (NR-PEG) surfactant-dyes 

Christopher V. Chen2, cchen8@Princeton.edu, Ying Liu1, Howard A. Stone1, Robert K. 
Prudhomme2. (1) Princeton University, Princeton, New Jersey, United States (2) Dept. 
of Chemical Biological Engineering, Princeton University, Princeton, New Jersey, United 
States  

Although many theories exist to understand the movement of surfactants to and along 
interfaces under flow, few techniques are available to directly monitor surfactant 
dynamics at interfaces. Due to the broad use of surfactants – from fracking and oil spill 
remediation to healthcare and household products – a better means of assessing 
surfactant dynamics is widely applicable. Here, we propose the use of surfactant-dyes 
as a means of dynamic visualization of surfactants and have synthesized Nile Red-
polyethylene glycol (NR-PEG) derivatives for this purpose. These NR-PEG surfactant-
dyes fluoresce differentially at the oil-water interfaces than in bulk aqueous solution, 



which allows for the selective monitoring of bound and free surfactant using confocal 
microscopy. We have visualized the transport of surfactants to and along drop 
interfaces under flow – similar to rising oil droplets in water – and at the interfaces of 
liquid-infused surfaces undergoing shear drainage. Imaging surfactant adsorption to 
interfaces at these time scales will allow for the development of improved dispersants 
systems for applications such as oil spill remediation and can also be used in 
understanding other fundamental transport phenomena involving dispersants. 

 

 
 
A comparison of composite confocal images demonstrating the spatial visualtion of NR-PEG 
moving from the aqueous bulk (blue) to the droplet interface (red) and off the interface into the 
oil bulk over time. 1 mg/mL NR-PEG (5k) in water droplets were generated by an external flow 
of a density matched mineral oil-Paroil solution (1 µL/min aqueous flow rate to 50 µL/min oil 
flow rate) using glass microfluidic devices. Times shown are milliseconds since droplet breakup. 
These composite images combine (red) emission between 560-580 nm, (blue) emission between 
650-670 nm, and bright field images when excited by a 514 nm He-Ar laser. Contrast increased 
for viewing. 
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Tuning the interfacial mechanics of particle/surfactant-laden interfaces 

Stephanie M. Kirby, smk@andrew.cmu.edu, Shelley L. Anna, Lynn Walker. Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States  

Colloidal particles are well known to stabilize foams and emulsions by adsorbing 
irreversibly at interfaces. The hydrophobicity of the particles plays a large role in their 
attachment to interfaces, and can be modified through the addition of surfactants to the 
particle dispersions. Here we characterize the adsorption of mixed particle-surfactant 
systems at air/water interfaces, tuning particle hydrophobicity through the addition of 
surfactants of varying chain lengths. The dynamic surface tension and interfacial 
rheology of the systems are measured using a microtensiometer as a function of 
adsorption time and particle-surfactant concentration. Adsorption reversibility is 
assessed through bulk solution exchange with deionized water. Surface tension and 
dilatational modulus measurements are utilized as probes of surface coverage and 
rigidity. By varying dispersion composition, particles of different hydrophobicity and 
surface charge are generated. The goal of this work is to create a series of model 
interfaces based on these particles to use in the study of foam and emulsion stability. 
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Interdependent conformational changes of proteins and oil molecules at oil-
‘protein solution’ interface 

Partha Patra2, P Somasundaran1, ps24@columbia.edu. (1) Earth & Environmental 
Engineering, Columbia University, New York, New York, United States (2) Earth and 
Environmental Engineering, Columbia University, New York, New York, United States  

Conformational changes of proteins and oil molecules at oil (hexane)–‘protein solution’ 
interface were studied using ATR (Attenuated Total Reflection)-FTIR spectroscopic. 
Bacillus subtilis extracellular proteins (BSEPs) and bovine serum albumin (BSA) protein 
were used. The IR spectra collected on the protein aggregate – film – formed at the 
hexane–‘protein solution’ interface demonstrated time-dependent conformational 
changes of the proteins through the changes in the shapes and positions of the H2O–
‘amide I’ cross peaks and the amide II peaks, changing as a function of time (0–90th 
minute). Hexane–protein intermolecular association in the film was evident as the CH 
stretching vibration peaks of hexane were present along with the amide peaks in all the 
spectra collected over a period of 90 min. Conformational changes of the hexane 
molecules, along with that of the proteins, were observed via variations (broadening and 
red/blue shifts) in the CH stretching vibration peaks of the CH3 and the CH2 groups of 
hexane. Most notably, the red/blue shifts of the CH stretching vibration peaks of hexane 
were different with BSEPs and BSA, which indicated that the conformational changes of 
hexane molecules being specific to protein types and its conformations. As similar to the 
protein types considered here, at oil–‘protein solution’ interfaces, conformational 
changes of the oil molecules appear to be a regular phenomenon. 
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Dynamic interfacial tension (IFT) studies of aqueous polymer-surfactant 
solutions: Using instantaneous IFT measurements to quickly determine critical 
aggregation concentrations 

Christopher V. Chen1, cchen8@Princeton.edu, Arianne Carpio1, Robert K. 
Prudhomme1, Annabel Consilvio2. (1) Dept. of Chemical Biological Engineering, 
Princeton University, Princeton, New Jersey, United States (2) Olin College, Needham, 
Massachusetts, United States  

The Deepwater Horizon Incident presented a novel type of oil spill and brought forward 
questions of how to better design dispersants for deep sea oil spill remediation. One 
such question is how polymers and surfactants in a dispersant formulation function 
together to help lower the surface tension of the oil-water interface to allow for the 
effective dispersion of oil. We use drop shape tensiometry to determine the dynamic 
interfacial tensions (IFTs) of aqueous polymer-surfactant solutions – using 
hydrophobically modified poly(acrylic acid) (hmPAA) and SDS as a test system – to 
determine how mixtures of polymeric and small molecule surfactants interact in solution 
and adsorb at interfaces. While varying the concentration of SDS in solution, we find 
that the drop in IFT measurably slows down at the critical aggregation concentration 
(CAC), where the polymer and surfactant begin to interact in bulk solution. This leads to 
a significant increase of the instantaneous IFT – measured a few seconds after drop 
formation – at the CAC when compared to surfactant concentrations just below and 
above this critical concentration. The CAC determined from these instantaneous 
measurements match those found from equilibrium IFT and pyrene probe experiments. 
These results highlight a factor to consider when formulation polymer-surfactant 
solutions for oil spill remediation, along with demonstrating an instantaneous way to 
determine CACs of polymer-surfactant solutions via tensiometry. 
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Templating polyelectrolyte complexes at an all-aqueous interface 

Sarah D. Hann, shann@seas.upenn.edu, Kathleen J. Stebe, Daeyeon Lee. Chemical 
and Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, 
United States  

In this study, we identify distinct regimes of polyelectrolyte complexation within aqueous 
two phase systems (ATPS); these results have significant potential for stimuli 
responsive encapsulation with implications in delivery, in all aqueous settings. ATPS are 
water-based mixtures of two biopolymers or a biopolymer and a salt that phase 
separate into two immiscible phases. We study ATPS-based encapsulation methods as 
alternatives to the usual encapsulation in emulsion drops of water in oil. Because of the 
absence of an oil phase, these systems are biologically friendly, and could be ideal for 
hosting proteins or living cells. Furthermore, the absence of oil can mitigate 
environmental impacts. ATPS systems are characterized by an ultra-low interfacial 
tension between the two aqueous phases, which can make classical stabilization 
methods based on surfactant or particle accumulation at interfaces difficult. Here, we 
explore complexation of complimentary polyelectrolytes in either phase of ATPS to 
impart stability and functionality to the all-aqueous interface. Water-in-water (w/w) 
emulsions were created using the all-aqueous electrospray technique. We find that a 
variety of complexes form at locations that depend on the diffusive flux of the 
polyelectrolytes. By varying the polyelectrolyte concentration in either phase, we find 
complexation outside of the droplet, a coacervate complex inside the droplet, or, when 
fluxes are carefully balanced, a film at the interface that encapsulates the droplet. We 
study the properties of such films, and find that they can withstand moderate osmotic 
stresses and can encapsulate large molecules. 
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Interfacial phenomena in oil sands industry: Effect of steam-assisted gravity 
drainage (SAGD) produced water properties on diluted bitumen/water transient 
interfacial tension 

Maryam Razi, mrazi@ualberta.ca. Chemical and Materials Engineering, University of 
Alberta, Edmonton, Alberta, Canada  

Steam Assisted Gravity Drainage (SAGD), a comparatively new technology in the 
category of Enhanced Oil Recovery (EOR), is utilized to produce bitumen and heavy 
crude oil. This technology consists of a pair of horizontal wells which are drilled into the 
oil reservoir. By using high pressure steam, the viscosity of the bitumen froth is 
decreased and causes the bitumen slurry to drain into the lower wellbore. SAGD 
produced water (PW) consists of oil, clays, petroleum derived and other organic 
compounds. The presence of oil, clay particles and endogenous surface active 
components causes the SAGD produced water emulsions to be stable and thus hard to 



treat. Interfacial tension between dispersed and continuous phases in the SAGD PW is 
found to have a drastic effect on the coalescence of dispersed phase droplets. For this 
purpose, by studying the dynamics of interfacial tension between two phases of 
naturally occuring SAGD emulsions, we found a correlation between the properties of 
SAGD PW and the dynamics of interfacial tension between the dispersed and the 
continuous phases in a model SAGD produced water. This work sheds light on the 
interfacial activity of SAGD produced water endogenous surfactants, humic acids (HAs), 
as well as the interaction dynamics of these compounds with naphtha-diluted Alberta oil 
sand bitumen (AOSB) present in a model SAGD PW. In this research work we address 
the interfacial activity of SAGD produced water endogenous surfactants, humic acids 
(HAs), and their interaction dynamics with naphtha-diluted Alberta oil sand bitumen 
(AOSB) present in model SAGD produced water. Dynamic interfacial tension between 
oil and water phases has been studied using a pendant drop tensiometer and its 
correlation to the properties of SAGD produced water has been further investigated. 
The effect of bitumen dilution ratios, pH of model SAGD produced water and surfactant 
concentrations on the dynamic interfacial tension of naphtha-diluted bitumen/water 
interface has been monitored. 
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Drainage of a thin film of Bingham fluid between two viscous Newtonian drops 
undergoing a head-on collision 



Sachin Goel, sachin.goel@mail.utoronto.ca, Arun Ramachandran, 
aramachaucsb@gmail.com, Suraj Borkar. Chemical Engineering and Applied 
Chemistry, University of Toronto, Toronto, Ontario, Canada  

In this work, we consider the canonical problem of the drainage of a thin film of Bingham 
fluid squeezed out between two spherical, Newtonian drops pushed against each other 
under the action of an external force. The only prior research to have studied this 
problem is the analytical work due to Jeelani and coworkers (Can. J. Chem. Eng., vol. 
65, pp. 384-390, 1987, and J. Phys. Chem., vol. 90, pp. 6054-6059, 1986.). 
Unfortunately, these results have been obtained from a simplistic lubrication analysis for 
nearly planar films, or for dimpled films with ad-hoc assumptions about the film shape. 
In this work, we have performed detailed numerical simulations of the evolution of the 
shape of a thin, Bingham film with an immobile interface based on the lubrication 
equations, and we compare our trends with existing work on the drainage of Newtonian 
films. 
 
The drainage of a film of Bingham fluid between two colliding Newtonian drops differs 
from that of a Newtonian film in two principal ways. First, drainage rates are slower for 
Bingham films as compared to Newtonian films of the same viscosity, but the difference 
is significant only when the thin film between the drops assumes a dimpled 
configuration. Second, once the Bingham film becomes dimpled, it can freeze 
completely once it reaches a critical thickness. Counterintuitively, this critical thickness 
is independent of the force pushing the drops against each other! Our results suggest 
that on a map of drop radius vs. shear rate, the parameter regime for coalescence for 
Bingham films will be shrunk relative to Newtonian films, and will be completely 
hindered above a critical drop size. 
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Particle deswelling and phase behavior of pNIPAM microgels at high 
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The phase behavior and the particle swelling behavior of concentrated microgel 
suspensions are not well understood. This is highlighted by the as yet unexplained 
spontaneous deswelling of large pNIPAM microgels in a concentrated surrounding of 
smaller but otherwise identical microgels [A. St. J. Iyer and L. A. Lyon, Angew. Int. Ed. 
48: 4562-4566, 2009], which allows a bidisperse suspension to reduce its polydispersity 
and to crystallize. The interplay of particle-internal and colloidal degrees of freedom 



allowing for the spontaneous deswelling is not understood in detail. 
We directly observe the deswelling of pNIPAM microgels in concentrated, bidisperse 
samples at fixed temperature, T=18°C, using small-angle neutron scattering with 
contrast matching. We further determine the osmotic pressure of the same samples and 
find counterions originating from charged groups on the microgel surface to dominate 
the osmotic pressure; these charged groups are due to the starter for the polymerization 
reaction of NIPAM. Most counterions are trapped close to the microgel surface, but a 
fraction of them escapes the electrostatic attraction and contributes to the suspension 
osmotic pressure. The counterion clouds of neighboring particles progressively overlap 
with increasing concentration, leading to an increase of free counterions and the 
osmotic pressure. This increase of osmotic pressure outside the particles is not 
compensated by a pressure increase inside the particles and, therefore, the particles 
deswell when the pressure difference exceeds the particle bulk modulus. Large particles 
are softer than small ones synthesized following the same protocol and, therefore, the 
larger particles deswell first. We find this model for counterion-induced deswelling to 
explain both the selective deswelling in bidisperse samples and the “normal” deswelling 
in monodisperse suspensions. 
The same model can account for the phase behavior of bidisperse pNIPAM 
suspensions, which we observe using small-angle x-ray scattering. In bidisperse 
suspensions at T=18°C, we observe the freezing point to shift to higher concentrations 
with increasing number fraction of large particles, and we find this shift to be dictated by 
the deswelling of the large particles, which is necessary for crystallization to take place. 
We expect our model for particle deswelling to be relevant for other microgels and soft 
polymer particles and to allow for a more accurate modelling of highly concentrated soft 
particles. 
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Novel associative nanoparticles as nanoscale particulate crosslinkers for 
rheological control of complex aqueous gel fluids 

Jin Woong Kim, jinjerrykim@icloud.com. Hanyang University, Ansan, Korea (the 
Republic of)  

This study reports a robust and straightforward approach to synthesize associative 
nanoparticles (ANPs) that can modify the rheological properties of aqueous polymer gel 
fluids. The ANPs are synthesized by grafting hydrophobically modified hygroscopic 
zwitterionic poly(2-methacryloyloxyethyl phosphorylcholine (MPC)-co-stearyl 
methacrylate (SMA)) brushes onto 20nm-sized silica nanoparticles via surface-mediated 
living radical polymerization. SMA having an alky chain (C18) is copolymerized with 
MPC to induce hydrophobic interaction with the corresponding alky chain of associative 
polymers that are freely dissolved in the aqueous phase. Incorporation of the ANPs into 
the associative polymer solution significantly enhances the viscosity of the solution. This 
observation indicates that the ANPs act as nanoscale particulate crosslinkers due to 
their effective association with the polymers in the solution, leading to reversible 
formation of an ANP-mediated polymer gel structure. The ANP-reinforced polymer gel 



system prepared herein exhibits improved tolerance to pH and salinity, which is 
attributed to the retarded polymer chain relaxation from the particulate crosslink junction 
point. Finally, we have demonstrated that our approach is diversely applicable for 
regulation of the rheological properties of complex fluids, such as emulsions and 
nanofiber suspensions. 
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Effect of interparticle interactions on agglomeration and sedimentation rates of 
colloidal silica microspheres 

Yung-Jih Yang2, yang455@purdue.edu, Aniruddha Kelkar2,3, David S. Corti1, Elias I. 
Franses2. (1) Purdue Univ, West Lafayette, Indiana, United States (2) Purdue 
University, W Lafayette, Indiana, United States (3) Chevron, Houston, Texas, United 
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The sedimentation half-times ts of monodisperse dispersions of 750 nm, 505 nm, and 
350 nm silica microspheres were measured in water, in ethanol, and in aqueous NaBr 
solutions of concentrations ranging from 50 mM to 1000 mM. In water and in ethanol, ts 
was about 8, 18, and 33 h for the 750, 505, and 350 nm particles, respectively. These 
values were the same as the ones predicted by Stokes law, suggesting that the 
particles were monodisperse and remained so during sedimentation; ts-values remained 
the same with increasing particle weight fraction up to 0.03, indicating no hydrodynamic 
interactions. Three regions of NaBr concentrations with different settling behavior were 
found for each size. In Region I or at lower, ts-values were the same as at no salt 
conditions, implying that there was no significant agglomeration before particles settled. 
In Region II, ts decreased with increasing, suggesting that the agglomeration and 
sedimentation times of medium-size clusters were comparable. In Region III, ts-values 
were quite similar for all particles, and independent of the NaBr concentration, indicating 



that at short times the particles formed large clusters which settled rapidly. The zeta 
potentials of the particles in water or in NaBr solutions were measured and used to 
predict the corresponding Fuchs-Smoluchowski stability ratios, which were sensitive to 
the chosen Hamaker constant-values and the NaBr concentrations. Two models based 
on the Smoluchowski steady-state and the more general unsteady-state agglomeration 
rates were developed for obtaining the agglomeration times tan for forming clusters of 
size 2Nm, where Nm = 1, 2, 3, …, and the net sedimentation time ts* for these clusters. 
The clusters were described by a fractal model with a fractal dimension df. Diffusion-
limited clusters (df = 3) were compared to the coalescence-limit clusters (df = 1.8). The 
models provide some useful and accurate upper-bounds of tan and ts*. Moreover, the 
effective sizes, density differences, and volume fractions of the clusters were obtained 
as a function of time. The predicted trend of ts* was consistent with the experimental 
data. The predictions supported the inferences that the particles were unagglomerated 
in Region I, formed medium-size clusters in Region II, and rapidly formed large clusters 
in Region III. 
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Soluto-inertial phenomena: Designing long range, long-lasting, surface-specific 
colloidal interactions 

Anirudha Banerjee2, anirudhabanerjee@umail.ucsb.edu, Todd Squires1. (1) Chemical 
Engineering Dept, University of California, Santa Barbara, California, United States (2) 
Chemical Engineering, University of California, Santa Barbara, Goleta, California, 
United States  

 
Equilibrium interactions between particles in aqueous suspensions are limited to 
distances less than 1 μm. Here, we describe a versatile concept to design and engineer 
non-equilibrium interactions whose magnitude and direction depends on the surface 
chemistry of the suspended particles, and whose range may extend over hundreds of 
microns and last thousands of seconds. The mechanism described here relies on 
diffusiophoresis, in which suspended particles migrate in response to gradients in 
solution. Three ingredients are involved: a soluto-inertial ‘beacon’ designed to emit a 
steady flux of solute over long time scales; suspended particles that migrate in response 
to the solute flux, and the solute itself, which mediates the interaction. We demonstrate 
soluto-inertial interactions that extend for nearly half a millimeter, last for tens of 
minutes, and which are attractive or repulsive, depending on the surface chemistry of 
the suspended particles. Experiments agree quantitatively with scaling arguments and 
numerical computations, confirming the basic phenomenon, revealing design strategies, 
and suggesting a broad set of new possibilites for the manipulation and control of 
suspended particles. 

 



 
 
 
Long-range soluto-inertial interactions. A soluto-inertial beacon (gray), initially loaded with a 
high solute concentration, is placed in a solute-free suspension. A solute out-flux is established 
during equilibration, driving nearby suspended particles into diffusiophoretic migration. The 
magnitude and direction of migration depends on interactions between the particle surface and 
the solute, depicted here by particles of different surface chemistries (orange and green) that 
migrate either up or down the solute gradient. Inset: schematic radial profile of solute 
concentration inside and outside of the beacon. 
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Revisiting the colloidal fundamentals of water-dispersible polymers: Nanoscale 
interactions and self-assembly of polymer nanoparticles and gels 

Sabina Islam1, sislam3@ncsu.edu, David L. Inglefield Jr.2, Robert L. Eagan2, Orlin D. 
Velev1. (1) Dept Chem Biomol Eng, North Carolina State University, Raleigh, North 
Carolina, United States (2) Eastman Chemical Company, Kingsport, Tennessee, United 
States  

The chemical structure of polymers is the key to their colloidal properties. By using a 
range of water-dispersible co-polyester ionomers as a model system, we investigated 
the relationship between their molecular composition, colloidal interactions and phase 



equilibria. As a result of being partially soluble, these polymers forms self-assembled 
nanoscale particles when dispersed in water. The stability of the dispersion system is a 
result of the highly negative zeta potential due to the ionized groups on the polyester 
backbone whereas the colloidal size of the nanoparticles is governed by the acid and 
glycol composition of polymer building units. The interactions and phase behavior of the 
charged polymer-nanoparticles follow the classical DLVO theory of critical colloidal 
coagulation where the aggregation of the polyelectrolyte particles is extremely sensitive 
to multivalent electrolytes (i.e., Ccrit ∝ z-6). The static light scattering data on the effect of 
electrolytes on the pair-interaction parameter (i.e., 2nd virial coefficient) of the colloidal 
nanoglobules were correlated to the theoretical critical concentration of coagulation 
(CCC). The theoretical CCC value matches reasonably well with the one obtained from 
experimental phase equilibria studies. Additionally, these polymer particles form 
crosslinked gel network in the presence of high concentration of multivalent electrolytes. 
Depending on the flexibility of the monomer confirmation, this gel network undergoes 
compression leading to different degree of syneresis. These composition-dependent 
characteristics of the flexible polymer nanoparticles dispersed in solution could also be 
correlated to the microstructure of the deposited polymer films. We will discuss how the 
fundamental understanding of colloidal interactions could be used to efficiently control 
and improve the colloidal stability and other properties of the solutions, as well as the 
film-formation ability of these polymers. 
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Characterizing the size distribution, composition and stability of chemical 
mechanical polishing slurry agglomerates 

Fook Chiong Cheong2, phycfc@gmail.com, Ei Hnin Hlaing2, Priya Kasimbeg 3, 
Jaroslaw M. Blusewicz5, David B. Ruffner1, David G. Grier3, Laura A. Philips4. (1) 



Spheryx, New York, New York, United States (2) Spheryx Inc., NEW YORK, New York, 
United States (3) Physics, New York University, New York, New York, United States (5) 
Spheryx Inc., New York, New York, United States  

Silica nanoparticles are used in chemical mechanical planarization (CMP) slurries in 
processing semiconductor wafers. These nanoparticles can form large agglomerates 
(diameter > 0.5 µm) that can cause scratches during the planarization process. 
Holographic video microscopy is used to characterize individual agglomerates in their 
native environment. Holographic characterization directly measures the diameter and 
refractive index of individual agglomerate to build reliable population specific statistics 
that reflect the slurry formulation. This novel work provides valuable insights on the 
formation of these agglomerates under different environmental conditions without 
dilution or special sample preparation. In situ measurements are possible because 
holographic video microscopy is able to measure holograms of agglomerates in the 
presence of background scattering from the turbid nanoparticle media. 
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Applying differential dynamic microscopy to characterize disperse suspensions 

Mohammad Safari, moh.safari.91@gmail.com, Peter G. Vekilov, Jacinta Conrad. 
Chemical and Biomolecular Engineering, University of Houston, Houston, Texas, United 
States  

Nanoparticle dynamics impact a wide range of biological transport processes and 
applications in nanomedicine and natural resource engineering, and hence simple 
methods to characterize these dynamics are expected to find widespread use. 
Differential dynamic microscopy (DDM) was recently developed to quantify dynamics of 
submicron particles in solutions from fluctuations of intensity in optical micrographs. 
DDM is well-established for monodisperse particle populations but has not been applied 
to solutions containing disperse scatterers. Here, we show that brightfield DDM (b-
DDM) is a useful tool to characterize solutions containing dispersed micro- and 
nanoscale particles. First, we show that b-DDM can resolve the dynamics of each 
component of a bidisperse suspension of 50 nm and 1 μm nanoparticles in low ranges 
of wave vectors (2 – 3 μm-1), whereas dynamic light scattering (DLS) fails to capture the 
distinct diffusional behavior of each nanoparticle species. Second, we used b-DDM to 
characterize the size distribution of protein-rich oligomers, which in physiological 
environments can form at high protein concentration and are thought to be precursors 
for protein crystallization and amyloid formation. The oligomers are dispersed in nature 
and have an average size of 10 – 500 nm. We evaluate the oligomer diffusion 
coefficients for two proteins, lysozyme and hemoglobin A, from the dependence of the 
diffusive relaxation time on the scattering wave vector. The average cluster diffusion 
coefficient measured using b-DDM is consistently lower than that obtained from DLS at 
right scattering angle. The size discrepancy originates from the preferential contribution 
of larger oligomers in forward scattering that result from the higher Mie resonances. 
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Direct measurement of the electrophoretic mobility in concentrated colloidal 
suspensions 

Sepideh Razavi, Razavi.sepideh@gmail.com, Michael J. Solomon. University of 
Michigan, Ann Arbor, Michigan, United States  

Direct current (DC) fields can generate self-assembled phases of colloidal particles by 
electrophoretic deposition. The motion of the charged colloidal particles towards the 
oppositely charged electrode yields a spatially varying particle volume fraction that 
reaches a maximum at the electrode surface. The electrophoretic mobility of the colloids 
at high volume fraction is a key factor governing the kinetics of the field-assisted 
assembly. To characterize the role of hydrodynamic interactions on the electrophoretic 
mobility in this volume fraction range, we have applied DC fields to dispersions of 
poly(12-hydroxystearic acid)-stabilized poly(methyl methacrylate) spheres in a mixture 
of cyclohexylbromide and decalin, and tracked the electrophoretic mobility of these 
colloids via confocal laser scanning microscopy imaging. These measurements are 
analyzed to yield the spatiotemporal evolution of the electrophoretic deposition velocity. 
This quantity, which is a decreasing function of colloid volume fraction, depends on the 
local osmotic pressure and hydrodynamic interactions. The former quantity can be 
characterized by equilibrium measurements. Of particular interest is the regime of 
particle size, electrolyte concentration, and colloid volume fraction at which there is 
pairwise overlap of Debye layers, because this overlap has implications for both the 
osmotic pressure and the hydrodynamics. Our findings provide information on the role 
of an electric field in determining the hydrodynamic interactions of colloids at high 
volume fractions. 
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LaMer Keynote Lecture: Effects of self-energy of the ions on the double layer 
structure and properties at the dielectric interface 

Rui Wang2, wangrui@mit.edu, Zhen-Gang Wang1. (1) California Institute of 
Technology, Pasadena, California, United States (2) Chemical Engineering, 
Massachusetts Institute of Technology, Brighton, Massachusetts, United States  

Although numerous theoretical efforts have been put forth, a systematic, unified and 
predictive theoretical framework that is able to capture all the essential physics of the 
interfacial behaviors of ions remain an outstanding challenge. The most common 
approach to treating electrostatic interactions in the presence of salt ions is the Poisson-
Boltzmann (PB) theory. However, there are many systems for which the PB theory fails 
to offer even a qualitative explanation of the behavior, especially for ions distributed in 
the vicinity of an interface with dielectric contrast between the two media. A key factor 
missing in the PB theory is the self energy of the ion. we develop a self-consistent 
theory that treats the electrostatic self energy (including both the short-range Born 



solvation energy and the long-range image charge interactions), the nonelectrostatic 
contribution of the self energy, the ion-ion correlation and the screening effect 
systematically in a single framework. We show that the image charge repulsion creates 
a depletion boundary layer that cannot be captured by a regular perturbation approach. 
The image force qualitatively alters the double layer structure and properties, and gives 
rise to many non-PB effects, such as nonmonotonic dependence of the surface energy 
on concentration and charge inversion. We show that the double layer structure and 
interfacial properties is drastically affected by the inhomogeneous screening due to the 
anisotropic and nonuniform ion distribution. Finally, to account for the ion specificity, we 
study the self energy of a single ion across the dielectric interface. Using intrinsic 
parameters of the ions, such as the valency, radius, and polarizability, we predict the 
specific ion effect on the interfacial affinity of halogen anions at the water/air interface, 
and the strong adsorption of hydrophobic ions at the water/oil interface, in agreement 
with experiments and atomistic simulations. 
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Small-amplitude atomic force microscopy study of nanoconfined liquids 

Shah Khan1, shahkhan1966@yahoo.com, Peter M. Hoffmann2. (1) Department of 
Physics, University of Peshawar, Peshawar, Khyber Pakhtunkhwa, Pakistan (2) 
Department of Physics and Astronomy, Wayne State University, Detroit, Michigan, 
United States  

 
Nanoconfined liquids play an important role in many scientific and technological 
applications. Their nano-properties have shown to be significantly different from that in 
the bulk form. The study of nanoconfined water can help in understanding different 
functions in living organisms as well as the development of a micro-laboratory generally 
called Lab-on-a-chip to be used as a mini-kit for medical investigations. The study can 
also help in understanding of friction at the nano-level which is an issue in many 
applications ranging from micromachining to oil exploration. We present here progress 
made in the understanding of nanoconfined liquids and, in particular, water with the help 
of a home-built small amplitude atomic force microscope. We show that the controversy 
in viscoelastic properties can be reduced if the dynamic aspect of confining surfaces is 
taken into consideration. We also show that the stiffness of nanoconfined liquids scales 
linearly with radius of the tip. The measurement of elastic modulus of nanoconfined 
liquids is possible. The addition of ions such as NaCl in water increases the solvation 
effects leading to significant changes in the dynamic viscoelastic properties of 
nanoconfined water against freshly cleaved muscovite mica surface. 
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Electro-microfluidic-extrusion of viscous liquid jets for printing applications 



Anderson Shum, ashum@hku.hk, Jingmei Li. Mechanical Engineering, The University 
of Hong Kong, Hong Kong, Hong Kong  

Viscous liquids are ubigquitously encountered as inks, adhesives and food ingredients. 
Their viscous nature has often made their manipulation difficult. For instance, when 
dispensed onto a solid substract, viscous liquid jets often coil randomly; when induced 
to break up into droplets, viscous liquid threads frequently form long tails. Both viscous 
coiling and tailing can result in poor reproducibility in the dispensing of viscous liquids, 
limiting the precision of the final printing application. Recently, we have introduced an 
electrical-charging-based method to control the coiling observed in viscous liquid jets 
and to enhance mixing of viscous liquids, which has been notoriously ineffective. In this 
talk, I will discuss our efforts in the group to integrate electrical control of viscous liquids 
into printing heads for constructing a new type of printing. Instead of dots or straight 
lines, the new printing technique will use short coils as the basic printing units. The 
attributes of each coil can be tuned by varying the applied voltage of the electrical 
charing, as well as the geometry of the printing setup. (See Figure 1 for the sample 
printing of different parts of the character "H" with different coiling patterns.) The coiling-
based printing enables versatile printing of sophisticated patterns with structural colors 
and exhibit great potential for applications that require electrical actuation. 
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Single excitation multiplex probes using energy transfer between dyes 
encapsulated in silica discoid 



Shajesh Palantavida3, shajeshpalantavida@gmail.com, Berney Peng1, Igor Sokolov2. 
(1) Tufts University, Medford, Massachusetts, United States (2) Dept of Mech Eng, 
Biom, 204 Anderson Hl, Tufts University, Medford, Massachusetts, United States (3) 
Suite 2600, Tufts University, Medford, Massachusetts, United States  

Mesoporous self-assembled silica particles with encapsulated fluorescent dyes are a 
novel class of doped fluorescent materials. Organic fluorescent dye molecules are 
physically entrapped in the surfactant filled pores of these materials without dye 
leakage. The average particle sizes can range from as small as 30 nm to tens of 
microns. A high concentration of fluorescent dyes, order of millimolar, has been recently 
encapsulated in these particles with little aggregation of the dye molecules. This meant 
little loss of quantum yield and resulted in ultrabright probes. On the other hand, the 
high concentration of the encapsulated dye results in rather small spacing (<10nm) 
between encapsulated dye molecules. As a result, Forster resonance energy transfer 
(FRET) may happen in such particles with very high efficiency. This is advantageous 
because, then only a single wavelength excitation can excite multiple dyes. Moreover 
single excitation multiplexing can be achieved by using commonly available dyes. Here 
we present the study of such particles in which multiple rhodamine dyes are 
encapsulated within the FRET regime. Two rhodamine dyes, rhodamine 6G (R6G) and 
rhodamine 640 (R640), a FRET pair is used in these particles. The particles have 
discoid shapes and an average size of ~3.5 um. Particles with varying dye proportions 
and intermolecular distances are prepared. The energy transfer in these particles is 
investigated using fluorescence spectroscopy and fluorescence anisotropy. 
Experimental results are verified using Monte Carlo simulations 
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Experimental evaluation of kinetic and thermodynamic reaction parameters of 
colloidal nanocrystals 

Eric M. Brauser1, ebrauser@egi.utah.edu, Trevor Hull2, John McLennan1,3, Michael H. 
Bartl2. (1) Chemical Engineering, University of Utah, Salt Lake City, Utah, United 
States (2) Chemistry, University of Utah, Salt Lake City, Utah, United States (3) Energy 
and Geoscience Institute, University of Utah, Salt Lake City, Utah, United States  

The unique properties of colloidal semiconductor nanocrystals, or quantum dots, have 
attracted enormous interest in a wide range of applications, including energy, lighting, 
and biomedical fields. However, widespread implementation is hampered by the 
difficulty of developing large-scale and inexpensive synthesis routes—mainly due to our 
limited knowledge of formation reaction parameters. We report here a simple yet 
powerful method to experimentally determine critically important reaction parameters 
such as rate constants, activation barriers, equilibrium constants and reaction 
enthalpies. This method was applied to wurtzite cadmium selenide nanocrystals, 
yielding activation energies for growth and dissolution of 14±6 kJ mol-1 and 27±8 kJ mol-
1, respectively, and a reaction enthalpy for nanocrystal growth of −15±7 kJ mol-1. 



Moreover, the Gibbs free energy for growth was found to be negative at low 
temperatures, whereas dissolution becomes the spontaneous process above 150 °C. 
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Sensing and inactivation of Bacillus anthracis sterne by brominated polymers 

Paola D'Angelo2, ppinzon@gmail.com, Lev Bromberg1, T. Alan Hatton5, Eugene 
Wilusz4, Ramanathan Nagarajan3. (1) Chemical Engineering, MIT, Cambridge, 
Massachusetts, United States (2) NSRDEC, Auburn, Massachusetts, United States (3) 
MSET/WFD, Natick Soldier RDEC, Natick, Massachusetts, United States (4) US Army 
Natick Soldier RD&E Center, Natick, Massachusetts, United States (5) Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States  

The performance of brominated poly(N-vinylpyrrolidone) (PVP-Br), brominated 
poly(ethylene glycol) (PEG-Br), and brominated poly(allylamine-co-4-aminopyridine) 
(PAAm-APy-Br) were investigated for their ability to decontaminate B. anthracis Sterne 
spores in solution while also allowing for the sensing of the spores. Brominated 
polymers were prepared by bromination using carbon tetrachloride or potassium 



tribromide as solvents, which resulted in bromine loadings ranging from 1.6 to 4.2 
meq/g of polymer. B. anthracis Sterne spores were exposed to increasing 
concentrations of brominated polymers for 5 min and the kinetics of the sporicidal 
activity were assessed. All brominated polymers demonstrated spore log-kills of 8 within 
5 min of exposure at 12 mg/mL aqueous polymer concentration. Sensing of spores was 
accomplished by measuring the release of dipicolinic acid (DPA) from the spore using 
time-resolved fluorescence. Parent, non-brominated polymers did not cause any 
release of DPA and the spores remained viable. In contrast, spores exposed to the 
brominated polymers were inactivated and the release of DPA was observed within 
minutes of exposure. Also, this release of DPA continued for a long time after spore 
inactivation as in a controlled release process. The DPA release was more pronounced 
for spores exposed to brominated PVP and brominated PEG-8000 compared to 
brominated PAAm-APy and brominated PEG-400. Using time-resolved fluorescence we 
detected as low as 2,500 B. anthracis spores, with PEG-8000 being more sensitive to 
low spore numbers. Our results suggest that the brominated polymers may be used 
effectively as decontamination agents against bacterial spores while also providing the 
sensing capability. 
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Understanding the influence of surface coverage, pH, and solution phase micelle 
concentration on the kinetics of the partitioning of a cationic surfactant and an 
anionic dye from aqueous solution to the surface of silica nanoparticles 
derivatized with a pH switchable polymer 

Dion Rivera1, riverad@cwu.edu, James Siegenthaler2. (1) Dept of Chemistry, Central 
Washington University, Ellensburg, Washington, United States (2) Chemistry, University 
of Arizona, Tuscon, Arizona, United States  

Understanding factors that influence the interaction of molecules at the 
liquid/nanoparticle interface is important in many technologically relevant areas such as 
catalysis, coatings, and sensors. Nanoparticles that have been derivatized with pH 
switchable polymers present a convenient way of changing the interfacial chemistry by 
simply changing the pH of the bulk solution. One factor that can greatly influence the 
interfacial chemistry observed is the surface concentration of the pH reactive species at 
the surface of the nanoparticle. Results are presented of a systematic study of the 
influence of surface concentration of acidic protons on the kinetics of partitioning of two 
ionic species in the same solution, the cationic surfactant centylpyridinium bromide 
(CPBM) and the anionic dye bromothymol blue (BB), to the derivatized silica 
nanoparticle surface. The concentration of the acidic protons varies from 0.04 umol/mg 
of derivatized silica nanoparticles to 0.48 umol/mg of derivatized silica nanoparticles 
with the pH of individual studies varying from 3.5 to 9.5. Ultraviolet visible spectroscopy 
and attenuated total internal reflection Fourier transform infrared spectroscopy are used 
to understand both interfacial and solution phase behavior of the system. A unique 
multivariate data analysis approach allows study of the partitioning kinetics of the CPBM 
and BB simultaneously. At the lowest pHs the kinetics of the partitioning of the CPBM to 



the nanoparticle interface are more rapid than the kinetics of the partitioning of the BB to 
the interface at the lowest concentrations of acidic hydrogens. As the surface 
concentration of acidic hydrogens increases the rates of partitioning become similar. At 
higher pH’s the kinetics of the partitioning of the CPBM is governed primarily by 
coulombic attraction to the nanoparticle surface. The BB partitioning kinetics at higher 
pHs, however, are influenced by polymer surface coverage of the pH switchable 
polymer and the concentration of CPBM micelles in solution. 
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Protein conformational flexibility enables the formation of dense liquid clusters: 
Tests using solution shear 

Michael Byington, mbyington7@gmail.com, Mohammad Safari, Jacinta Conrad, Peter 
G. Vekilov. Chemical Engineering, University of Houston, Houston, Texas, United 
States  

According to recently proposed two-step nucleation mechanisms, crystal nuclei form 
within preexisting dense liquid clusters. Clusters with radii of about 100 nm, which 
capture from 10-7 to 10-3 fraction of the total protein, have been observed with 
numerous proteins and shown to host crystal nucleation. The mesoscopic size and 
small protein fraction held in the clusters challenge our understanding of solution phase 
behaviors. Theories aiming to resolve this apparent controversy have proposed that in 
solutions of single chain proteins, the clusters consist of partially misfolded protein 
chains. To test this conjecture, we perturb the protein conformation by shearing the 
solution and compare the results to those obtained using chemical additives destabilize 
the protein. Shear reduces protein cluster volume fraction but increases the cluster size 
beyond a threshold shear rate. Adding urea (a protein denaturant) or lowering the pH to 
destabilize the protein lowers this threshold shear rate, indicating that flexibility in the 
tertiary structure is a crucial property of proteins that allows clusters to form. Similar 
tests with mercaptoethanol (a reducing agent) showed that breaking disulfide bridges is 
not involved in the clustering process. 
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Nanomaterials for biomedicine: How fluid dynamics influenced gold nanoparticle 
behavior and cellular deposition 

Kristen Comfort, kcomfort1@udayton.edu. Chemical and Materials Engineering, 
University of Dayton, Dayton, Ohio, United States  

Colloidal gold nanoparticles (AuNPs) are being increasingly utilized in biomedical 
applications, such as drug/gene delivery and bio-imaging techniques, due to their 
unique physicochemical properties such as increased transport potential, ease of 
functionalization, and distinctive plasmonic properties. However, the effectiveness of 
these biomedical procedures are highly dependent upon sustained, strong interactions 



between AuNPs and the surrounding environment; referred to as the nano-bio interface. 
However, little is currently known about how physiological variables, such as fluid 
dynamics, modulate the nano-bio interface and particokinetics. Running a peristatlic 
pump as physiologically relevant flow rates, we have established a dynamic in vitro 
exposure system in order to assess AuNP behavior, kinetic rates of deposition, and 
subsequent cellular repsonses. We demonstrated that the addition of shear stress, 
introduced through dynamic fluid movement, modified NP behavior, remodeled the 
nano-bio interface, and altered AuNP deposition efficiency. Behavioral alterations to 
AuNPs included a disrupted protein corona and modified rate of ionic dissolution. AuNP 
deposition was reduced over 4-fold under dynamic flow, due to the presence of lateral 
movement which disrupted normal NP downard diffusion. As nano-based biomedical 
applications require high AuNP delivery to a target, this loss of NP transport potential 
highlights a current limitation within the field. 
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Novel nanoemulsion for controlled drug release with ultrasound imaging 
monitoring 

Yoonjee Park1, parkye@ucmail.uc.edu, Courtney Collins1,2, Madison Taylor1, Zhe 
Zhang1. (1) Biomedical, Chemical, & Environmental Engineering, University of 
Cincinnati, Montgomery, Ohio, United States (2) Chemistry, University of Cincinnati, 
Cincinnati, Ohio, United States  

Retinoblastoma is a cancer of the eye that almost exclusively affects young children, 
often leading to vision loss. Although there are currently many treatments for 
retinoblastoma, these methods fail to eradicate all vitreous seeds, which are tumor cells 
that float in the vitreous of the eye, and allow for recurrence. Diseases of the eye are 
challenging to treat due to the delicacy of the eye’s tissues, making it essential to 
develop a drug delivery method that minimizes damages to normal cells and releases 
drug in a controlled manner. The main objectives of this study are to synthesize 
nanodroplets, which are stable and targeted, and to examine controlled release of drug 
by external triggers.The basic mechanism of controlled release is to induce phase 
transition of the gold nanorod-coated nanodroplets by laser or ultrasound, thus 
releasing therapeutic agents inside to annihilate vitreous seeds with imaging contrast 
enhancing abilities. Particle formulation has been optimized by altering shell 
composition to increase drug encapsulation capacity and the stability against 
dissolution, aggregation, and drug leakage. Optical imaging and various spectroscopy 
methods were used to prove existence of gold nanorods on the shell and drug 
encapsulation. The nanoparticles were stable for months against aggregation and drug 
leakage. Controlled drug release with ultrasound and femto/pico second laser was 
demonstrated by observing phase-transition of the nanoparticles with a microscope. In 
addition, in vitro studies with retina pigment epithelial cells showed that targeted 
nanodroplets are non-toxic and effectively target the cells. Finally, the particles were 
detected by ultrasound imaging upon phase-transition, allowing us to monitor drug 
release. Overall, these nanoparticles have potential to be used as next generation of 



controlled drug delivery systems, due to their stability, safety, controllability, and 
diagnostics capability. 
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Rational interfacial engineering of soft and hard nanoscale colloids for next 
generation ultrasound contrast agents 

Andrew P. Goodwin, andrew.goodwin@colorado.edu. Chemical and Biological 
Engineering, Univ Colorado Boulder, Boulder, Colorado, United States  

In this talk, I will discuss our recent work in the rational engineering of colloidal 
interfaces for acoustically-driven liquid-to-vapor phase transitions for ultrasound contrast 
imaging. Although gas-filled micron-sized agents produce strong nonlinear acoustic 
echoes that vastly improve imaging signal-to-noise ratios, they have short circulation 
lifetimes and poor extravasation from the blood that preclude their ability to image 
tumors and other extravascular spaces. We have developed two alternate strategies to 
formulate nanoscale structures that can produce targeted, transient, and detectable gas 
bubbles on demand upon exposure to High Intensity Focused Ultrasound (HIFU). In one 
case, we studied the effect of lipid lateral phase separation on the surface of 
perfluorohexane nanodroplets. By tuning the composition of lipids stabilizing the 
droplets, we introduced surface roughness and heterogeneity on the droplet surface 
that would act as sites for bubble nucleation. Lipid monolayers with liquid-solid 
coexistence (DPPC:DOPC:Chol) showed at least 10-fold greater contrast than those 
made with the typical solid phase lipid shells (DPPC alone). In a second approach, we 
sought to add sites for heterogeneous nucleation of water vaporization using rough 
nanoscale surfaces. We created silica nanoparticles of ~100 nm diameter filled with ~3 
nm columnar mesopores. Functionalization of the silica surface with octyl groups and 
resuspension with Pluronic F127 created particles with pores that were filled with air but 
particles that remained dispersed in buffer and serum. Administration of high intensity 
focused ultrasound (HIFU) allowed sensitive imaging of the silica nanoparticles down to 
1010 particles mL-1, with continuous imaging for at least 20 minutes. The mechanism of 
contrast was the inclusion of entrapped air that could be pulled into bubble nuclei, 
followed by formation of detectable gas bubbles from ambient water. These two 
approaches show how interfacial engineering can be used to promote site-specific liquid 
to vapor phase transitions in the body and present a new paradigm for nanoscale 
ultrasound contrast imaging. 
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Nanoparticle tumor localization, intracellular trafficking disruption, and prolonged 
drug delivery improve survival in peritoneal mesothelioma 

Mark W. Grinstaff, mgrin@bu.edu. Boston Univ Dept of Chem, Boston, Massachusetts, 
United States  



Malignant peritoneal mesothelioma is associated with high co-morbidities and poor 
survival. A paclitaxel-loaded pH-responsive expansile nanoparticle (PTX-eNP) is 
described that addresses two unique challenges to improve the outcomes for peritoneal 
mesothelioma. First, eNPs rapidly and specifically localize to tumors following 
intraperitoneal administration. The rate of tumoral uptake of eNPs is an order of 
magnitude faster than rate of uptake in healthy cells; and, subsequent disruption of 
autophagosomal trafficking leads to prolonged intracellular retention of eNPs. Second, 
the high tumor-specificity of PTX-eNPs leads to delivery of 100-1000 times higher 
concentrations of drug in tumors compared to PTX alone and this is maintained for at 
least seven days following administration. As a result, overall survival of animals with 
established mesothelioma more than doubled when animals were treated with multiple 
doses of PTX-eNPs compared to an equivalent dose of PTX or non-responsive PTX-
loaded nanoparticles. 
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A nanomedicine-based curcumin and doxorubicin combination treatment of 
glioblastoma with scFv-targeted micelles: In vitro evaluation in 2D and 3D tumor 
models 

Can Sarisozen1, c.sarisozen@neu.edu, Shekhar D. Dhokai1, Edcar G. Tsikudo1, Ilya M. 
Rachman2, Vladimir P. Torchilin1,3. (1) Center for Pharmaceutical Biotechnology and 
Nanomedicine, Northeastern University, Boston, Massachusetts, United States (2) 
Immix Biopharma Inc, Los Angeles, California, United States (3) Department of 
Biochemistry, King Abdulaziz University, Jeddah, Saudi Arabia  

Overcoming chemotherapy-induced resistance caused by activation of PI3K/Akt and 
NF-κB pathways is crucial for successful glioblastoma therapy. We developed an all-in-
one nanomedicine formulation for co-delivery of a chemotherapeutic agent 
(topoisomerase II inhibitor, doxorubicin) and a multidrug resistance modulator (NF-κB 
inhibitor, curcumin) for treatment of glioblastoma due to their synergism. Both agents 
were incorporated into PEG-PE-based polymeric micelles. The glucose transporter-1 
(GLUT1) is overexpressed in many tumors including glioblastoma. The micellar system 
was decorated with GLUT1 antibody single chain fragment variable (scFv) as the ligand 
to promote blood brain barrier transport and glioblastoma targeting. The combination 
treatment was synergistic (combination index, CI of 0.73) against U87MG glioblastoma 
cells. This synergism was improved by micellar encapsulation (CI: 0.63) and further so 
with GLUT1 targeting (CI: 0.46). Compared to non-targeted micelles, GLUT1 scFv 
surface modification increased the association of micelles (>20%, P<0.01) and the 
nuclear localization of doxorubicin (~3-fold) in U87MG cells, which also translated into 
enhanced cytotoxicity by more than 30%. The increased caspase 3/7 activation by 
targeted micelles indicates successful apoptosis enhancement by combinatory 
treatment. Moreover, GLUT1 targeted micelles resulted in deeper penetration into the 
3D spheroid model. The increased efficacy of combination nanoformulations on the 
spheroids compared to a single agent loaded, or to non-targeted formulations, 



reinforces the rationale for selection of this combination and successful utilization of 
GLUT1 scFv as a targeting agent for glioblastoma treatment. 
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Diagnosis of tropical viral diseases in lateral flow immunoassays 

Helena de Puig Guixe3, hpuig@mit.edu, Marc Carre4,1, Megan Hiley4, Irene Bosch4, 
Kimberly Hamad-Schifferli2, Lee Gehrke5. (1) Institut Quimic de Sarria, Universitat 
Ramon Llull, Barcelona, Barcelona, Spain (2) Engineering, University of Massachusetts 
Boston, Boston, Massachusetts, United States (3) Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (4) 
HST, Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

In the currently ongoing outbreak, zika (ZIKV) is co-circulating with dengue virus 
(DENV) and chikungunya (CHKV), which also share the same vector, the mosquitoes 
Aedes aegypti and Aedes albopictus. Infection by any of the three diseases leads to 
similar flu-like symptoms, complicating proper disease management. Point-of-care 
multiplexed diagnosis are critically needed for rapid response in patient treatment, 
resource allocation and to predict epidemics. Lateral flow devices are ideal candidates 
to diagnose diseases in remote areas because they can be operated by non-experts, 
are cheap, portable, and do not require electric power to be operated. We present 
results on a machine-readable multiplexed lateral flow device for the detection of 
several tropical disease markers. By making the device readable by a mobile phone, it 
is able to provide real-time epidemiologic data to monitor disease distribution based on 
diagnostic data. The device relies on a lateral flow immunoassay, which uses capillary 
flow and the accumulation of ligand-coated nanoparticles to detect the presence of 
target proteins. Gold nanoparticle-antibody conjugates are critical to ensure that the 
device will have enough sensitivity to detect the illness even at low concentrations of 
target protein, such as in early stages of the disease. The sensitivity of lateral flow 
devices greatly depends on the nature of the ligand-target pair and their binding 
thermodynamics on the nanoparticle interface. We engineer the nanoparticle shape, 
size, surface chemistry, and biofunctionalization in order to lower the overall detection 
limit of the device. The nanoparticle surface properties and biofunctionalization are 
characterized by gel electrophoresis, DLS, and fluorescence/optical spectroscopy in 
conjunction with chemical displacement. 
These new, effective, low-cost devices would be very useful in developing countries, but 
also for developed countries, where they can contribute to lowering the overall cost of 
healthcare and enable widespread use for other applications such as crowdsourcing. 
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Ground states and assembly pathways of colloidal clusters 

Ellen D. Klein, ellenklein@fas.harvard.edu, W. Benjamin Rogers, Vinothan Manoharan. 
Harvard University, Cambridge, Massachusetts, United States  



We experimentally study colloidal clusters consisting of N spherical particles with short 
range, isotropic interactions, where N<100. These clusters are a model system for 
understanding colloidal self-assembly and dynamics, since the position and motion of all 
the particles can be observed in real space. For N≤10 the ground states are 
degenerate; previous work [1, 2] has shown that the probabilities of observing specific 
clusters depend primarily on their rotational entropy, which is determined by symmetry. 
Thus, less symmetric structures are more frequently observed. However, for large N the 
ground state should be a close-packed lattice, which is highly symmetric. We seek to 
understand how this transition occurs as a function of N. 
 
To do this, we coat spherical colloidal particles with complementary DNA strands that 
induce a short-range, temperature-dependent interparticle attraction. We then assemble 
and anneal an ensemble of clusters with N≥10. We characterize the number of apparent 
ground states, their symmetries, and their probabilities as a function of N using confocal 
microscopy. 
 
We also study the dynamics of how these minimal-energy clusters form by subjecting 
spherical, paramagnetic particles to a magnetic field that we then remove. We 
characterize the number of minimal-energy clusters found and their probabilities. 
Furthermore, by examining the assembly pathway of each cluster we identify kinetically-
prefered pathways. 
 
References: 
1. The Free-Energy Landscape of Clusters of Attractive Hard Spheres, G. Meng, N. 
Arkus, M.P. Brenner, V.N. Manoharan, Science 327 563 (2010). 
2. Real-Space Studies of the Structure and Dynamics of Self-Assembled Colloidal 
Clusters, R.W. Perry, G. Meng, T.G. Dimiduk, J. Fung, V.N. Manoharan, Faraday 
Discussions 159 211 (2012). 
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Paramagnetic colloids in rotating fields: From chains through chaos to clusters 
and molecules 

Hamed Abdi, ha.abdii@gmail.com, Rasam Soheilian, Randall Erb, Craig Maloney. 
Mechanical Engineering, Northeastern University, Boston, Massachusetts, United 
States  

We present computer simulations and experiments on dilute suspensions of 
superparamagnetic particles subject to rotating magnetic fields. We focus 
on short chains of particles and their decay routes to stable structures. 
At low rate, the chains track the external field. At intermediate rate, 
the short chains break up but perform a periodic (albeit complex) motion. 
At sufficiently high rates, the chains generally undergo chaotic motion at 
short times and decay to either close-packed clusters or more dispersed 



colloidal "molecules'' at long times. We show that the transition out of 
the chaotic states follows a first order reaction kinetics. 
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DNA surface reorganization: A method for cluster and patchy particle design 

Jairo A. Diaz A., jaldiamy@gmail.com, Jasna Brujic, David Pine. Center for Soft Matter 
Research, New York University, New York, New York, United States  

We will present a novel route to prepare colloidal clusters and patchy particles in bulk. 
The clusters are fabricated by reorganizing mobile DNA strands on the surface of 3-
(Trimethoxysilyl)propyl methacrylate (TPM) oligomer droplets. Strand reorganization 
occurs when solid polystyrene (PS) particles having complimentary immobile DNA 
strands diffuse along the surface, promoting duplex formation and concentration on 
contact patches. DNA surface mobility on TPM resembles that observed for molecular 
linkers diffusing on lipid bilayers and model membranes. The presence of internal 
methacrylate groups in the oligomer solution offers unique opportunities for crosslinking 
and multi-patchy colloidal particle design. 
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Computational studies of the depletion-driven self-assembly of patchy trimer 
colloids and cubic colloids 

Harold Hatch3, harold.hatch@nist.gov, William Krekelberg3, Vincent Shen3, Steven D. 
Hudson2, Jeetain Mittal1. (1) Lehigh University, Bethlehem, Pennsylvania, United States 
(2) Polymers Complex Fluids Group, NIST, Gaithersburg, Maryland, United States (3) 
Chemical Sciences Division, National Institute of Standards and Technology, 
Gaithersburg, Maryland, United States  

The self-assembly of patchy trimer colloids and cubic colloids in a solution of depletant 
molecules were simulated with flat-histogram Monte Carlo simulation methods. Trimers 
with one attractive bead and two repulsive beads, similar to recently synthesized trimer 
patchy colloids, were found to self-assemble into a variety of structures, including 
spherical clusters, elongated clusters, monolayers and spherical shells, depending on 
the trimer shape, depletant concentration and colloid density. In addition, the 
simulations were compared with experiment using extended corresponding states. 
Cubic colloids, sedimented on a surface and immersed in a solution of depletant 
molecules, were modeled with a family of shapes which smoothly varies from squares 
to circles. We observe the formation of rhombic lattices, square lattices, hexagonal 
lattices and a fluid phase. The most stable structure is obtained for a variety of colloid 
shapes, depletant concentrations and depletant sizes. Our results predict the formation 
of self-assembled structures that have not been experimentally synthesized, and may 
help guide experimental studies of novel colloid shapes. 
 



1. Hatch, Mittal and Shen, “Computational study of trimer self-assembly and fluid phase 
behavior”, J. Chem. Phys., 142, 164901, 2015 
2. Hatch, Yang, Mittal and Shen, “Self-Assembly of Trimer Colloids: Effect of shape and 
interaction range”, Soft Matter, In submission, 2016. 
3. Mountain, Hatch and Shen, “Molecular dynamics simulation of trimer self-assembly 
under shear”, J. Chem. Phys., In submission, 2016. 
4. Hatch, Krekelberg, Shen and Hudson, “Depletion-Driven Crystallization of Cubic 
Colloids Sedimented on a Surface”, J. Chem. Phys., In submission, 2016. 
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Precision registry of monodisperse biphasic Janus microparticles for 2D 
positioned colloidal array 

Sang Woo Han1, hsw88@hanyang.ac.kr, Jin Woong Kim1,2. (1) Bionano Engineering, 
Hanyang University, Ansan, Korea (the Republic of) (2) Applied Chemistry, Hanyang 
University, Ansan, Korea (the Republic of)  

Janus particles, having biphasic geometry and distinct chemical composition, have 
received great attention for applications to colloidal surfactants, chemical and biological 
sensors, display materials, and controlled releases. Here in this study, we introduce a 
facile and straightforward approach for the fabrication of novel uniform biphasic Janus 
dumbbell microparticles. By using the capillary-based microfluidic technology, the 
biphasic Janus microparticles are produced. Two types of particle configuration were 
determined depending on the spreading coefficient; dumbbell and core-shell. The 
relative bulb dimension of the particles is further tunable by precision control over the 
flow rates of the two inner fluids that are injected from a theta shaped round capillary. 
To explore more practical application, we tried to position them on the target site 
consisting of micropatterned PDMS. Our findings have nicely demonstrated that tight 
control over the particle geometry enables us to achieve successful 2D registry array of 
particles on a patterned substrate. 
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Controlling the valence of emulsion droplets using DNA origami directed patch 
formation 

Yin Zhang1, yz947@nyu.edu, Xiaojin He1, Rebecca Zhuo1,2, Ruojie Sha2, Nadrian C. 
Seeman2, Jasna Brujic1, Paul Chaikin1. (1) Department of Physics, New York University, 
Jersey City, New Jersey, United States (2) Department of Chemistry, New York 
University, New York, New York, United States  

Recently DNA-directed emulsion architectures have been explored. Building highly 
ordered structures requires strict valence control of the DNA binders on the droplet’s 
surface. Here, we demonstrate such control using cross-like DNA origami [1] as building 
units to form functional patches on emulsion droplets. One patch per droplet leads to 



dimers while two per droplet leads to linear chains. Our DNA origami crosses have top 
and bottom rectangular sections at right angles and three functional parts: vertical sticky 
ends on the bottom layer for attaching to emulsion droplets; horizontal sticky ends for 
tile-tile 2D-assembly; and vertical sticky ends on the top layer for droplet-droplet 
assembly. On the emulsion droplets the DNA origami tiles self-assemble into one large 
patch (monovalent) directed by the hybridization of the horizontal sticky ends. 
Complimentary patches on different droplets then lead to dimer formation. We designed 
another set of origami with different horizontal sticky ends and different top vertical 
sticky ends, which enables a second patch to form on the droplet surface (di-valence). 
By using the same vertical sticky ends (A) modified patches on one emulsion droplet 
and complementary ones (A') on another emulsion droplet, the chaining of these 
divalent emulsion droplets is achieved. Our work demonstrates a novel and versatile 
approach for the development of complex self-assembled materials. 
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Colloidal architecture with DNA origami 

Matan Yah Ben Zion2, matanbz@nyu.edu, Corinna Maass2, Ruojie Sha3, Nadrian C. 
Seeman1,3, Paul Chaikin2. (1) New York Univ, New York, New York, United States (2) 
Physics, New York University, New York, New York, United States (3) Chemistry, New 
York University, New York, New York, United States  

We demonstrate a new hybrid design for colloidal self assembly using DNA Origami to 
specifically place oriented binding sites on the particle surface. DNA origami allows 
great flexibility in binding particles in different configurations. Placing long origami belts 
on a particle surface allows binding to DNA coated particles at arbitrary specific 
positions on the surface. By using different DNA sticky ends on the origami we can 
precisely place complementary particles on the surface. Using two or more particles 
with origami functionalization we can form origami-origami bonds that rotationally orient 
the particles. We can also use single origamis to bind particles at separations on the 
micron scale and activating the system by folding the origami. 
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Magnetic Janus particle chain assembly rate: From experiment to theory 

Thomas Long, tlong2010@gmail.com, Ilona Kretzschmar, Joel Koplik. Chemical 
Engineering, City College of New York, New York, New York, United States  

Magnetic Janus particles provide unique rheological properties when dispersed in 
liquids and exposed to magnetic fields. They assemble into parallel 2D chains when 
exposed to a constant magnetic field, changing the viscosity of the fluid they are in. The 
rate of their assembly is primarily a factor of the particles’ dipole-dipole interaction 
energy. First, assembly rates of various dipole strengths are determined experimentally 
using particle tracking software. Then, a general theory is developed from molecular 



dynamics (MD) simulations and numerical Fokker–Planck equation solutions. Data will 
be presented that shows that the Smoluchowski coagulation equation fits the 
aggregating chain rate. The rate constants are determined from the Fokker–Planck 
equation modified to add a magnetic dipole-dipole term. The fitting variables used in the 
equation are: the dipole-dipole strength, fluid viscosity, particle concentration, chain 
concentration, magnetic field strength, and any additional forces acting on the particles. 

CSSS 502 

Collective translational and rotational dynamics of active clusters 

Mir Karim, Ubaldo M. Cordova-Figueroa, ubaldom.cordova@upr.edu. Chemical 
Engineering, University of Puerto Rico - Mayaguez, Mayaguez, Puerto Rico, United 
States  

 
The objective of this study is to understand the collective dynamical behaviors of small 
clusters made of active colloidal particles. To do so we embraced Brownian Dynamics 
(BD) approach to resolve translational and rotational motions of active clusters over a 
wide range of timescales. The attractive potentials between the colloids are both 
isotropically symmetric (IS) and orientation-dependent (OD) patchy in type. The relative 
strengths of colloid-colloid interactions, patch areas, activity of individual colloids play 
crucial roles in their dynamics. For OD clusters only the Janus particles were 
considered in this study. We show how the mean square displacement of cluster’s 
center-of-mass demonstrate the effects of particle ordering within the cluster at short, 
intermediate, and long time. Long time enhanced diffusivities of the active clusters 
versus magnitude of the activity is addressed and their anomalous characteristics 
compared to a single active particle will be discussed. Enhanced rotational dynamics of 
the clusters is also discussed from the results of their long-time orientational 
trajectories. The outcomes from this study will help us to understand the dynamic 
behaviors of real active clusters with different sizes, shapes which have tremendous 
potentials in biomedical applications such as targeted drug delivery. 

CSSS 503 

Extensional relaxation times and pinch-off dynamics of dilute and semi-dilute 
polymer solutions 

Jelena Dinic, jdinic2@uic.edu, Leidy N. Jimenez, Madeleine Biagioli, Alexandro 
Estrada, Vivek Sharma. Chemical Engineering, University of Illinois at Chicago, 
Chicago, Illinois, United States  

We show that visualization and analysis of capillary-driven thinning and pinch-off 
dynamics of the columnar neck in an asymmetric liquid bridge created by dripping-onto-
substrate can be used for characterizing the extensional rheology of complex fluids. 
Using a particular example of dilute and semi-dilute, aqueous PEO solutions, we show 



the measurement of both the extensional relaxation time and extensional viscosity of 
weakly elastic, polymeric complex fluids with low shear viscosity and relatively short 
relaxation time. Characterization of elastic effects and extensional relaxation times in 
the dilute solutions is beyond the range measurable in the standard geometries used in 
commercially available shear and extensional rheometers (including CaBER, capillary 
breakup extensional rheometer). As the radius of the neck that connects a sessile drop 
to a nozzle is detected optically, and the extensional response for viscoelastic fluids is 
characterized by analyzing their elastocapillary self-thinning, we refer to this technique 
as optically-detected elastocapillary self-thinning dripping-onto-substrate (ODES-DOS) 
extensional rheometry. 
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Flow measurements in microfluidic channels with in-line holographic microscopy 

Paul Salipante, paul.salipante@nist.gov, Steven D. Hudson. Polymers Complex Fluids 
Group, NIST, Gaithersburg, Maryland, United States  

The use of microfluidic channels for rheological measurements has become an 
increasingly common tool. While these devices are useful for reaching higher shear 
rates, complex flows may arise under certain flow conditions. Because flow 
measurement and stability are of course necessary for accurate rheometry, we aim to 
determine conditions under which the flow may become unstable. Holographic 
microscopy is used to track particles with high resolution and large depth of field 
necessary for 3-D tracking within microfluidic channels. We demonstrate that the 
particle tracking method can be used to assess bulk flow measurements which we 
compare to commercial flow meters. We also present particle tracking measurements 
on a flow instability in worm-like micelle solutions after a flow constriction. The formation 
and growth of the flow instability is measured at the channel entrance, and the range of 
flow rates when the flow is unstable depends on the channel geometry. 
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Elastic instabilities in planar elongational flow of monodisperse polymer 
solutions 

Simon J. Haward1, simon.haward@oist.jp, Gareth McKinley2, Amy Q. Shen1. (1) 
Micro/Bio/Nanofluidics, Okinawa Institute of Science and Technology, Onna-son, 
Okinawa, Japan (2) Mechanical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Over the last decade there has been considerable interest among the experimental and 
computational rheology communities in the occurrence of a purely-elastic flow 
asymmetry in the cross-slot device [1,2]. The instability arises for low fluid inertia (i.e. 
low Reynolds number, Re) but for flow above a critical value of the Weissenberg 
number, Wi. In an effort to gain an improved understanding of the nature and onset 



conditions of such instabilities, here we examine the behavior of well-defined 
viscoelastic polymer solutions based on almost monodisperse polystyrene solutions 
flowing through a cross-slot-type microfluidic device that generates a close 
approximation to ideal planar elongation [3]. We use a combination of full-field 
birefringence imaging and time-resolved flow velocimetry to perform a detailed 
investigation of the flow stability over a wide range of Wi. Our results reveal a new 
elastic instability for Wi > Wic1, which is characterized by lateral displacement and 
spatiotemporal fluctuation of the stagnation point along the outflowing symmetry axis 
(Fig 1a). The often-reported flow asymmetry occurs subsequently for a higher 
Weissenberg number Wi > Wic2 > Wic1 (Fig 1a). We map the progression of instabilities 
in Wi-Re parameter space for fluids of different elasticity, El = Wi/Re (Fig 1b), and we 
evaluate a well-known dimensionless criterion [4] near the onset conditions of the first 
instability at Wic1. We find good agreement with values of the criterion previously 
reported for flows dominated by shearing kinematics. Our results indicate that the onset 
of elastic flow instabilities in this elongational flow field is driven by the accumulation of 
elastic tensile stress along strongly curved streamlines that pass close to the stagnation 
point. 
 
[1] P. E. Arratia et al., Phys. Rev. Lett., 96, 144502 (2006). 
[2] R. J. Poole et al., Phys. Rev. Lett., 99, 164503 (2007). 
[3] S. J. Haward et al., Phys. Rev. Lett., 109, 128301 (2012). 
[4] P. Pakdel & G. H. McKinley, Phys. Rev. Lett., 77, 2459 (1996). 

 

 
 
Fig.1: (a) images of flow induced birefringence (top) and corresponding velocity fields with 
superimposed streamlines measured by micro-particle image velocimetry (bottom) for a 
viscoelastic polystyrene (PS) solution at various Wi. (b) stability map for various PS solutions in 
Wi-Re space. 
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Deterministic lateral displacement of semi-flexible chains in pillar arrays 

Jingjing Zhao, jingjing.zhao@rice.edu, Ziyi Zhu, Sibani L. Biswal. Chemical and 
Biomolecular Engineering, Rice University, Houston, Texas, United States  



Deterministic lateral displacement (DLD) pillar array devices show great potential for 
particle separation due to their high resolution and suitability for biological particle 
sorting. In the past decade, rigid spherical particle separation using DLD method has 
been widely investigated to facilitate the design of new DLD devices, while particles with 
different shapes and deformability have not been fully studied. Here, we investigate the 
migration dynamics of semi-flexible chains with high aspect ratio in gravity-driven DLD 
devices. Specifically, DNA linked semi-flexible colloidal chains serve as model high 
aspect ratio deformable particles and transport through an array using a gravitational 
body force. Chain trajectories are presented using both experiments and simulation 
results. The high aspect ratio and deformable nature of the chains lead to a rich 
dynamical behavior including bouncing, hairpin shape bending, sliding and hooking. We 
discuss how the deformability and size of chains affect their migration trajectories in 
DLD devices. 
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Measuring carbon nanotube length via extensional viscosity, and the relationship 
of length to liquid crystalline transition 

Matteo Pasquali1, mp@rice.edu, Dmitri E. Tsentalovich1, Jun Alexander Lee1, Robert 
J. Headrick1, E. Amram Bengio1, Anson W. Ma2. (1) Chemical and Biomolecular 
Engineering, Rice University, Houston, Texas, United States (2) Department of 
Chemical & Biomolecular Engineering, University of Connecticut, Storrs, Connecticut, 
United States  

Intrinsic viscosity has been used to determine the size of polymer molecules and 
colloids for decades. This method is based on measuring the zero-shear viscosity of a 
solution or suspension, and relating such measurement to the equilibrium size of the 
dissolved molecules or suspended particles. However, this method becomes 
increasingly ineffective as the aspect ratio and stiffness of the molecules (or particles) 
grow, since the critical shear stress needed to orient stiff rods scales as L-3, where L is 
the rod length. This problem has frustrated the development of a simple method for 
measuring the length of samples including long (above ~1 μm) carbon nanotubes 
(CNTs). Here we demonstrate that the length of CNTs can be determined simply and 
accurately from extensional viscosity measurements of semidilute CNT solutions. The 
method is based on measuring the extensional viscosity of CNT solutions in 
chlorosulfonic acid (a true thermodynamic CNT solvent) with a customized capillary 
thinning rheometer and determining CNT aspect ratio from the theoretical relation 
between extensional viscosity and aspect ratio in semidilute solutions of rigid rods. We 
measure CNT diameter d by transmission electron microscopy (TEM) and arrive at CNT 
length L. By studying samples grown by different methods, we show that the method 
works well for CNT lengths ranging from 0.4 to at least 20 μm, a wider range than for 
previous techniques. Moreover, we measure the isotropic-to-nematic transition 
concentration (i.e., isotropic cloud point) φ_iso of CNT solutions and show that this 
transition follows Onsager-like scaling φ_iso ~ d/L. We characterize the length 
distributions of CNT samples by combining the measurements of extensional viscosity 



and transition concentration and show that the resulting length distributions closely 
match distributions obtained by cryo-TEM measurements. Interestingly, CNTs appear to 
have relatively low polydispersity compared to polymers and high polydispersity 
compared to colloidal particles. 
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Flow-induced gelation of microfiber suspensions 

Janine K. Nunes1, nunes@princeton.edu, Antonio Perazzo1,2, Stefano Guido2, Howard 
A. Stone1. (1) Mechanical and Aerospace Engineering, Princeton University, Princeton, 
New Jersey, United States (2) Dipartimento di Ingegneria Chimica, dei Materiali e della 
Produzione Industriale, Università di Napoli Federico II, Napoli, Italy  

We have developed a novel method for generating porous hydrogel scaffold materials 
from the flow-induced gelation of microfiber suspensions. Monodisperse, concentrated, 
aqueous suspensions of high aspect ratio, flexible polymeric microfibers were 
generated using microfluidic methods. These fiber suspensions entangle irreversibly 
when subjected to various flow conditions, such as extrusion from a needle. We 
conducted shear rheology experiments to investigate the gelation process, and 
observed that the onset of shear thickening behavior and the development of 
entanglements depend primarily on the concentration of the suspension and the shear 
rate. The entangled microfiber network exhibits mechanical properties typical of a 
hydrogel. This flow-induced process is a simple mechanical approach to hydrogel 
formation that does not depend on chemical reactions. Using microfluidics, we are able 
to control the physical properties of the fibers, such as fiber dimensions, modulus, 
composition and morphology. In addition, different cargos, such as drugs and cells, are 
readily encapsulated in the fiber structure, so we propose that these microfiber 
suspensions can be used for in situ scaffold fabrication in bioengineering applications. 
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Characterization of covalently adaptable hydrogel scaffolds using passive 
microrheology 

Francisco Escobar IV1, Daniel McKinnon2, Kristi S. Anseth2, Kelly Schultz1, 
kes513@lehigh.edu. (1) Chemical and Biomolecular Engineering, Lehigh University, 
Bethlehem, Pennsylvania, United States (2) Chemical and Biological Engineering, 
University of Colorado at Boulder, Boulder, Colorado, United States  

Covalently adaptable hydrogels (CAHs) create dynamic scaffold microenvironments that 
remain stable at equilibrium but break and reform covalent bonds when pushed out of 
equilibrium, providing unique environments for use as three-dimensional cell culture 
platforms and scaffolds for sustained drug delivery. The chemistry of these scaffolds 
enables them to be dynamically adaptable, but little is known about how the material 
properties and microstructure change as the scaffold undergoes bond breakage and 



reformation. In this work, we are using multiple particle tracking microrheology (MPT) to 
investigate the degradation of a CAH pushed out of equilibrium by a change in pH. In 
MPT, we embed probe particle within the material and measure the Brownian motion of 
these particles. The CAH being characterized consists of eight-arm star poly(ethylene 
glycol) (PEG) molecules end-functionalized with aldehydes and eight-arm star PEG 
molecules end-functionalized with hydrazines that self-assemble to form hydrazone 
bonds. We measure the degradation of these scaffolds when they are made at an 
acidic, pH 4.3, or physiological, pH 7.4, pH and then incubated in a buffer of the other 
pH. For example, a scaffold made at pH 4.3 is incubated in a buffer solution of pH 7.4 to 
initiate degradation. CAHs degraded in pH 4.3 buffer degraded over several hours. 
Within this time, bonds initially break and halfway through the degradation process 
some bonds reform before complete degradation of the scaffold. Scaffolds degraded at 
pH 7.4 have similar behavior, but degrade over several days. The breakage and 
reformation of bonds occurs several times throughout the degradation cycle. Time-cure 
superposition is used to determine the critical degradation time and critical relaxation 
exponent. For the CAH degraded at pH 4.3 tc=279 minutes and n=0.46, indicating a 
tightly cross-linked network. The CAH degraded at pH 7.4 degrades at tc=12 days and 
has a value of n=0.90, indicating that the microstructure of this scaffold is distinct and is 
a loosely cross-linked network. This information is vital to design CAHs as effective 
environments for enhanced wound healing and tissue regeneration, as well as, 
materials that can sustainably release drug molecules to surrounding tissue while 
actively protecting their payload within the polymeric matrix. 
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Origins of concentration gradients for diffusiophoresis 

Darrell Velegol1, velegol@psu.edu, Astha Garg2, Rajarshi Guha5, Abhishek Kar4, 
Manish Kumar3. (1) Chemical Engineering, Penn State University, State College, 
Pennsylvania, United States (2) Chemical Engineering, Pennsylvania State University, 
University Park, Pennsylvania, United States (3) Dept Chem Eng 155 Fenske Lab, 
Pennsylvania State University, University Park, Pennsylvania, United States (4) Room 
175, Fenske Laboratory, The Pennsylvania State University, University Park, 
Pennsylvania, United States (5) Chemical Engineering, Penn State University, 
University Park, Pennsylvania, United States  

Fluid and particle transport that is driven by gradients of pressure, gravity, or electro-
magnetic potential is well-known and studied in many fields. A subtler type of transport, 
called diffusiophoresis, occurs in a gradient of chemical concentration, either electrolyte 
or non-electrolyte. Although this mechanism of particle transport is well-known, the 
diffusiophoresis mechanism is often considered to be an esoteric laboratory 
phenomenon. However, in this talk it is shown that concentration gradients can develop 
in a surprisingly wide variety of physical phenomena – imposed gradients, asymmetric 
reactions, dissolution, crystallization, evaporation, mixing, sedimentation, and others – 
so that diffusiophoresis is in fact a very common transport mechanism in complex fluids, 
in both natural and artificial systems. It is anticipated that in georeservoir extractions, 



physiological systems, drying operations, laboratory and industrial separations, 
crystallization operations, membrane processes, and many other situations, 
diffusiophoresis is already occurring – often without being recognized – and that 
opportunities exist for designing this transport to great advantage. In this talk methods 
are shown for identifying when diffusiophoresis might be important, and for analyzing 
transport in complex fluid systems, from both a modeling and experimental standpoint. 
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Polyelectrolyte complex hydrogels: Self-assembly at low and high polymer 
concentrations 

Samanvaya Srivastava, samsri@uchicago.edu, David J. Goldfeld, Adam Levi, Jun 
Mao, Matthew V. Tirrell. IME, University of Chicago, Chicago, Illinois, United States  

Polyelectrolyte complexes (PEC) form when oppositely charged polyelectrolyte chains 
spontaneously associate and phase separate in aqueous media. Combining one or both 
of the polyelectrolytes with a neutral polymer restricts bulk phase separation of the 
PECs, and thus leads to self-assembled structures with PEC domains surrounded by 
neutral polymer coronae, forming micelles and hydrogels. The PEC domains in these 
assemblies can encapsulate therapeutics as well as genetic materials and thus have 
tremendous potential in drug delivery and tissue engineering applications. 
We will present insights on the equilibrium structure of such PEC assemblies 
comprising either diblock or triblock copolyelectrolytes with oppositely charged 
functionalized polyallyl glycidyl ethers as ionic and polyethylene glycol as neutral blocks, 
in the limit of both low and high polymer concentrations. At low polymer concentrations, 
diblock copolyelectrolytes expectedly form spherical micelles while triblock 
copolyelectrolytes surprisingly tend to form inter-connected networks. At the same time, 
large-scale ordering of the nanoscale PEC domains is observed at high polymer loading 
in both diblock and triblock copolyelectrolytes, characterized by a disorder-order 
transition followed by morphological transitions with increasing polymer loading. Our 
hypothesis on the charged block playing a structure-defining role and the neutral block 
undertaking a structure-directing role in both these regimes will be presented. In 
addition, the effect of key parameters such as polymer block lengths and salt 
concentration on the equilibrium materials properties, elucidated via detailed structure 
characterization and rheology studies, will also be discussed. 
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pH-Responsive non-ionic diblock copolymers: Protonation of a morpholine end-
group induces an order-order transition 

Nicholas Penfold3, njwpenfold1@sheffield.ac.uk, Joseph Lovett3, Nicholas Warren2, 
Steven P. Armes1. (1) Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (2) 
Chemistry, University of Sheffield, Sheffield, United Kingdom (3) Dept of Chemistry-F2, 
Dainton Bldg, University of Sheffield, Sheffield South Yorkshire, United Kingdom  



A new morpholine-functionalised, trithiocarbonate-based RAFT agent, MPETTC, was 
synthesised with an overall yield of 80% and used to prepare a poly(glycerol 
monomethacrlyate) (PGMA) chain transfer agent. Subsequent chain extension with 2-
hydroxypropyl methacrylate (HPMA) using a RAFT aqueous dispersion polymerisation 
formulation at pH 7.0–7.5 resulted in the formation of morpholine-functionalised PGMA-
PHPMA diblock copolymer worms via polymerisation-induced self-assembly (PISA). 
These worms form soft, free-standing aqueous hydrogels at 15% w/w solids. 
Acidification causes protonation of the morpholine end-groups, which increases the 
hydrophilic character of the PGMA stabiliser block. This causes a subtle change in the 
copolymer packing parameter which induces a worm-to-sphere morphological transition 
and hence leads to in situ degelation at pH 3. This order–order transition was 
characterised 
by dynamic light scattering, transmission electron microscopy and gel rheology studies. 
On returning to pH 7, regelation is observed at 15% w/w solids, indicating the reversible 
nature of the transition. However, such diblock copolymer worm gels remain intact when 
acidified in the presence of electrolyte, since the terminal cationic charge arising from 
the protonated morpholine end-groups is screened under these conditions. Moreover, 
regelation is also observed in relatively acidic solution (pH < 2), because the excess 
acid acts as a salt under these conditions and so induces a sphere-to-worm transition. 
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pH tunable self-assembly of a methacrylate-based hydrophobic cationic 
copolymer 



Jonathan Pegg1, jonathan.c.pegg@bristol.ac.uk, Julian Eastoe1. (1) School of 
Chemistry, University of Bristol, Bristol, United Kingdom (1) School of Chemistry, 
University of Bristol, Bristol, United Kingdom  

In recent years, research into copolymers has trended towards well-defined block and 
graft architectures, with dispersity (Mw/Mn) approaching 1.0. The enthusiastic study of 
well-defined copolymers has mainly been driven by the search for effective nanocarriers 
for biomedical applications.1 Here copolymers possessing segments with appreciably 
different solubilities can self-assemble, and solubilise active hydrophobic components 
within their cores. Although the development of RAFT2 and ATRP3 for highly defined 
copolymer architectures is an area of extraordinary potential, these synthetic routes 
usually involve the need for extensive expertise, laborious purification steps and costly 
precursors. Thus, currently these routes are less amenable to commercial exploitation. 
In some cases less well-defined, and even random-type architectured copolymers can 
be sufficiently amphiphilic to self-assemble into aggregates.4 In this study the aggregate 
structures formed when a small molar fraction (~10%) of N,N-dimethylaminoethyl 
methacrylate (DMAEMA) is copolymerised with Methyl methacrylate (MMA, have been 
investigated. The copolymer was prepared by a straight-forward, free-radical emulsion 
polymerisation, with a ‘blockiness' arising from the solubility differences of the two 
monomers. Owing to the amino functionality of DMAEMA, reducing the pH renders the 
copolymer cationic (and amphiphilic) and drives aggregate self-assembly. It was found 
that the size of the polymer aggregates could be tuned by varying pH during the 
synthesis. Here small-angle neutron scattering (SANS) provided detailed morphological 
information of polymer aggregates, as a function of pH and when solubilising small 
amounts of toluene. Finally, these cationic copolymers can form hybrid 
nanocomposites, by the in-situ heteroflocculation of tetramethyl orthosilicate (TMOS) 
onto the copolymer aggregate template. 
 
[1] Ganta, S.; Devalapally, H.; Shahiwala, A.; Amiji, M. Journal of Controlled Release 
2008, 
126, 187–204. 
[2] Keddie, D. J. Chem. Soc. Rev. 2014, 43, 496–505. 
[3] Mühlebach, a.; Gaynor, S. G.; Matyjaszewski, K. Macromolecules 1998, 31, 6046–
6052. 
[4] Chung, J. E.; Yokoyama, M.; Aoyagi, T.; Sakurai, Y.; Okano, T. Journal of controlled 
release 1998, 53, 119–130. 
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Effect of polyelectrolyte stiffness and solution pH on the nanostructure of 
complexes formed by cationic amphiphiles and negatively charged 
polyelectrolytes 

Maor Ram-On, maoronen87@gmail.com, Yachin Cohen, Yeshayahu Talmon. 
Technion, Haifa, Israel  



The interaction between amphiphiles and polyelectrolytes has been widely investigated 
in recent years due to their potential application in industry and medicine, with special 
focus on gene therapy. The binding of polyelectrolytes to oppositely charged 
amphiphiles is dominated by electrostatic interactions, but hydrophobic forces and the 
molecular nature also play an important role, thus influencing the final nano-complex 
structure. 
In this work we used direct-imaging cryo-TEM and SAXS to study the nanostructure of 
complexes formed in different double-tailed amphiphile/polyelectrolyte systems. The 
cationic lipid di-oleoyl trimethylammonium propane, DOTAP, and the oppositely charged 
polyelectrolytes, sodium poly(acrylic acid), NaPAA, and sodium poly(styrene sulfonate), 
NaPSS, form multilamellar complexes in water. Due to the different molecular stiffness 
of the two polyelectrolytes, the complexes morphology is distinctively different. Also, pH 
affects differently the complexation of the polyelectrolytes with 
didodecyldimethylammonium bromide (DDAB), a cationic surfactant, due to their 
different ionization behavior. 
In addition, SAXS demonstrated that the periodic spacing in DDAB/NaPSS complexes 
is almost twice as large as the periodic spacing of DDAB/NaPAA complexes. That is 
most probably due to the differences in the polyelectrolyte conformation at the 
surfactant-water interface. PAA, with a more hydrophobic backbone, adsorbs more 
tightly to the surfactant lamellar surface, where it adopts a flatter conformation. PSS is 
more hydrophilic than PAA, it interacts with the water molecules and adopts a more 
coiled conformation, which leads to a thicker layer. 

 



 
 
Figure 1. Cryo-TEM images at 37 oC of DDAB and NaPAA (A-C); concentrations are 4.5mg/ml 
and 0.9mg/ml respectively. Cryo-TEM images of DDAB and NaPSS (D-F); concentrations are 
4.8mg/ml and 2.1mg/ml respectively. CR=1 in all. Bars are 50 nm. 
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Interfacial self-assemblies of low-cost amphipathic polypeptides 

Matthew Kubilius1, lake.kubilius@gmail.com, Raymond S. Tu2. (1) Chemical 
Engineering, City College of New York, New York, New York, United States (2) 
Steinman Hall, Chemical Engineering, The City College of New York, New York, New 
York, United States  

Low-cost synthesis of periodically-sequenced polypeptides is rarely achieved using 
modern peptide synthesis techniques. The liquid-phase synthesis alternative is 
challenging in part because of polydispersity increases of high molecular weight 
polypeptide samples. To overcome this, we designed synthetic amino acid dimers that 
are both amphipathic and water-soluble. When polymerized, these repeat sequences 
give rise to a peptide with alternating hydrophilic/hydrophobic side groups, and are thus 
engineered to develop a periodicity conducive to the formation of ß-sheets. We then 
lower polydispersity in the growing polypeptide chains by modifying the kinetics of 



growth through transport-limited chain elongation. Our experiments show that in the 
absence of a micellular interface, standard bulk-phase condensation polymerization 
occurs. The amphipathic character of the peptide chain increases with molecular 
weight, yielding a polypeptide that increasingly partitions into assemblies, interfaces, 
and surfactant micelles with increasing extent of polymerization. This partitioning, during 
chain growth, serves to narrow the polydispersity of our periodically-sequenced 
polypeptide. We quantify polypeptide sizes and assemblies using multi-angle light 
scattering and mass spectrometry and define the evolving sheet-like secondary 
structure using circular dichroism. Our results show that the peptides grown in the 
presence of micelles show significantly enhanced self-assembly and a narrowed 
polydispersity index. From this, we conclude that the transport-limited chain elongation 
polymerization method shows great promise in the manufacture of low-cost, interfacially 
assembling polypeptides. Finally, the purified polypeptides were compressed on a 
Langmuir-Blodgett trough, yielding surface pressure data characterizing the ß-sheets on 
the air water interface and imaged using Brewster angle microscopy. 
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Chirality induced tuning of polypeptide complexation 

Lorraine Leon Gibbons1, lorraineleon@gmail.com, Naomi Pacalin1, Sarah L. Perry2, 
Matthew V. Tirrell1. (1) Institute for Molecular Engineering, University of Chicago, 
Chicago, Illinois, United States (2) Chemical Engineering, University of Massachusetts 
Amherst, Amherst, Massachusetts, United States  

Electrostatically driven polymer self-assembly mechanisms are vastly underexplored 
compared to that of amphiphilic based assemblies, and yet offer unique opportunities in 
the development of novel materials for applications in controlled delivery of nucleic 
acids and proteins, direct ink writing, and next generation adhesives, amongst others. 
This study investigates the effect of chirality on the resultant solid or liquid character of 
electrostatically self-assembled polyelectrolyte complexes formed from oppositely 
charged polypeptides. We demonstrate that the formation of dynamic, liquid 
polyelectrolyte complexes requires at least one racemic polyelectrolyte in order to 
disrupt backbone hydrogen bonding networks. Conversely, the use of homochiral 
polypeptides enables the collapse of the complexes into compact, fibrillar solids with a 
β-sheet structure. Molecular dynamics simulations support these results while enabling 
visualization of the molecular structure of these complexes. The ability to use 
polypeptide chirality as a means for controlling the liquid or solid character of the 
resultant polyelectrolyte complexes is a useful tool in developing new self-assembled 
materials based on polyelectrolyte complex formation without otherwise altering the 
chemical composition of the material. 
By designing chiral patterned peptides we can investigate the influence of sequence on 
this phenomenon by tailoring the amount of hydrogen bonding between the oppositely 
charged peptides. This enables the creation of materials with tunable macroscopic 
properties. Moreover, nanoscale stabilization of polyelectrolyte complex formation can 
be achieved by coupling the polyelectrolyte to a neutral yet hydrophilic block, forming 



nanometer-sized micelles with a polyelectrolyte complex core and a hydrophilic corona. 
In this work, we also characterize the structure and stability of these polypeptide based 
micellar systems formed using chiral patterns using light scattering, electron 
microscopy, circular dichroism and small angle x-ray scattering. 
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Protein-like nanoparticles based on orthogonal self-assembly of chimeric 
peptides 

He Dong2, hdong@clarkson.edu, Linhai Jiang1, Reidar Lund3. (1) Clarkson University, 
Potsdam, New York, United States (2) Department of Chemistry and Biomolecular 
Science, Clarkson University, Potsdam, New York, United States (3) University of Oslo, 
Oslo, Norway  

A key characteristic of natural self-assembling proteins is the presence of multiple 
folding domains interacting with each other in a highly regulated pattern, which most 
synthetic systems lack. Here we present a novel two-component synthetic peptide to 
mimic fusion proteins composed of orthogonal protein folding motifs, in this case, 
collagen triple helix and coiled coil dimer. The synthetic peptide self-assembled into 
discrete tetrahedron-like protein nanoparticles driven by a combination of symmetry 
controlled molecular packing and geometric constraint. These preliminary findings are 
expected to help establish a fundamental understanding of how molecular design 
impacts folding and assembly of multi-component peptides. It will also help develop 
more sophisticated peptide-based molecular toolkits for the construction of discrete 
protein-like nanoparticles with well-defined molecular pattern, increased complexity and 
diverse functionality. 
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Control of amphiphilic block copolymer self-assembly by polymer end groups 



Mariusz Grzelakowski1,2, mg@appliedbiomimetic.com, Katarzyna Kita-Tokarczyk1. (1) 
Applied Biomimetic Inc., Cincinnati, Ohio, United States (2) Chemistry, University of 
Cincinnati, Cincinnati, Ohio, United States  

Self-assembly in amphiphilic systems has been extensively studied1, with many 
similarities and differences shown between small molecules and polymers. Amphiphilic 
copolymers aggregate to micelles, tubes or vesicles2, depending on block size ratio, 
chemistry, and polydispersity3. We showed that polymer end groups (with different 
dipole moments and polarizabilities) have a profound effect on the hydration of 
amphiphilic polymers in solution4. They drive the assemblies into various morphologies 
and sizes, overriding the main self-assembly parameters: chemistry/ length of the 
hydrophilic block and HLB. Their influence was shown for copolymers of poly(2-
methyloxazoline) and poly(dimethylsiloxane) or poly(butadiene). End groups included: 
hydroxyl, amine, methacrylate, and carboxylic. Among others, we used stopped flow 
spectroscopy as a robust method to characterize and quantify polymer vesicles4,5. For 
ABA polymers, the end group size and polarity difference leads to aggregate 
morphologies ranging from small micelles (and few vesicles, arrows) to well controlled 
vesicles (Fig 1). We show that OH-terminated polymers produce micelles, due to the 
small size and lack of charge on the OH groups. Polymers with charged and polarizable 
end groups generate vesicles, with pH response affecting their size but not morphology. 
Control of the self-assembly process and the presence of pendant end groups on 
vesicle surfaces should open new avenues for research into targeted drug delivery, as 
well as new surface coating methodologies. From the application point of view, polymer 
vesicles have been considered as alternative to liposomes, however their unpredictable 
self-assembly has never allowed for commercial use, especially regarding 
encapsulation. Better understanding of the self-assembly nuances, such as the end 
group effect, should lead to successful applications in industries like pharmaceutical, 
cosmetic or nanotechnology. 
1 L Romsted Supramolecular Chemistry: From Molecules to Nanomaterials, 2012, 
Wiley 2 A Blanazs et al. Macromol. Rapid Commun. 2009, 30, 267. 3 K Kita et al. 
Polymer 2005, 46, 3540 4 M Grzelakowski, K Kita, Nanoscale, 2016, DOI: 
10.1039/C5NR06866E 5 M Grzelakowski et al., J. Membrane Sci., 2015, 479, 223 
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Versatile underwater adhesive with microarchitecture triggered by solvent 
exchange 

Dong Woog Lee1,4, dongwoog.lee@unist.ac.kr, Qiang Zhao2, Kollbe Ahn2, Sungbaek 
Seo3, Yair Kaufman1, Jacob N. Israelachvili1, Herbert Waite5. (1) Chemical Engineering, 
UC Santa Barbara, Santa Barbara, California, United States (2) University of California, 
Santa Barbara, Santa Barbara, California, United States (3) Materials Research 
Laboratory, University of California, Santa Barbara, Santa Barbara, California, United 
States (4) School of Energy and Chemican Engineering, Ulsan National Institue of 
Science and Technology, Ulsan, Korea (the Republic of) (5) Molecular, Cellular and 
Developmental Biology, University of California, Santa Barbara, Santa Barbara, 
California, United States  

Polyelectrolyte complexation is critical to the formation and properties of many biological 
and polymeric materials, and is typically initiated by aqueous solution mixing that results 
in fluid-fluid phase separation, e.g., coacervation. Here we report a versatile and strong 
wet-contact adhesive inspired by sandcastle worm cement that enables both a triggered 
complexation of polyelectrolytes, and formation of a porous architecture. A catechol-
functionalized weak poly-anion was premixed with a poly-cation in dimethyl sulfoxide 
(DMSO). The polymer solution was applied underwater to substrates where electrostatic 
complexation, phase inversion, and rapid setting were actuated by water-DMSO solvent 
exchange. This process offers enhanced spatial and temporal control of complexation, 
thereby fostering rapid (≥ 25 s) and robust underwater adhesion (Wad ≥ 2 J/m2) of 
complexed catecholic polyelectrolytes to all tested surfaces including plastics, glasses, 
metals, and biological surfaces. The solvent exchange process is adaptable to diverse 
materials chemistry, supporting functionalities well beyond aqueous complex 
coacervates. 

 

 



 
An illustration of solvent exchange between water and DMSO and ensuing electrostatic 
complexation as a function of setting time in water (ts). 
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Dynamics and mechanism of self-assembly and formation of functional silk-
based structures from silk fibroin proteins 

Yuanzhong Zhang, Younjin Min, ymin@uakron.edu. University of Akron, Akron, Ohio, 
United States  

After billions of years of evolution, nature has learned what works, what is appropriate, 
and what lasts. We aim to understand related phenomena and associated principles 
responsible for nature's building blocks and then to selectively adapt ideas from nature 
in order to engineer novel materials with unique and superior properties. In our research 
laboratory, mussels, silk, and lotus leaves are three key natural systems from which we 
get inspiration, particularly regarding their chemistry, composition, and structure. In this 
presentation, the structure-property relationships of Bombyx mori silk fibroin (SF) 
proteins will be discussed. Materials fabricated from SF proteins have been known to 
exhibit excellent eco/biocompatibility, biodegradability, and tunable mechanical 
properties. Although many applications of silk rely on thin films and sub-micron feature 
sizes, mechanisms and dynamics on the formation of specific structures (e.g. 
microneedles, spun fibers, or thin films) at the microscopic level have not been well 
addressed. In particular, there is a limited amount of information on how such structures 
self-assemble from their constituent molecules (i.e. SF proteins) and how the SF 
proteins interact with each other and behave in solution under nanoconfined 
environments. This presentation summarizes our recent studies and findings in this 
context. We have studied how SF protein polymers aggregate or bundle to form 
continuous fibers when they are pressed together and/or sheared against each other, 
using the Surface Forces Apparatus (SFA), as well as various mechanical 
characterization and microscopy imaging techniques. The presentation also involves the 
discussion and comparison of the complex dynamics of force profiles for SF proteins 
with other protein-based phenomena. We anticipate that the study of dynamics and self-
assembly SF protein polymers is not only of fundamental research value, but also of 
practical significance for better designing and fabricating novel and reliable SF-based 
materials in nanoscale. 
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Adsorbed polymer-surfactant layer structure studied with atomic force 
microscopy 

Blaise Tardy, Tianyi Bai, Raymond Dagastine, rrd@unimelb.edu.au. Chemical and 
Biomolecular Engineering, The University of Melbourne, Melbourne, Victoria, Australia  



A wide range of solution behavior for polymer-surfactant (PS) complexes can be 
achieved in response to changes in bulk surfactant and electrolyte concentration, which 
has driven their use in applications in personal care products, food formulations and 
pharmaceuticals. The association of the surfactant to the polymer provides a means to 
mediate a range of polymer properties including microstructure phase behavior and 
surface adsorption. PS complexes have along history of study from surface tension 
measurements and phase diagrams to more sophisticated scattering methods to probe 
solution and interfacial structure. Yet, there are still challenges in directly measuring the 
microscopic structure of adsorbed PS complex in a wide range of solution conditions as 
well as the molecular configurations of these complexes. In this work, a combination of 
colloidal probe force microscopy, force spectroscopy and a novel soft matter imaging 
method were used to determine the microstructure of oppositely charged PS complexes 
at a solid-liquid interface. Both colloidal probe measurements and a novel soft matter 
imaging approach were used to directly measure the PS complex layer thickness 
immobilized on surfaces with carefully controlled surface chemistry as a function of 
surfactant and electrolyte concentration. In addition, through both physical adsorption 
and covalent bonding of the PS complex to surfaces, force spectroscopy was used to 
probe the configuration of individual PS complexes. These data provide insight into the 
microscopic and molecular response of PS complexes to changes in surfactant and 
ionic strength when adsorbed on surfaces. 
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Influence of divalent cations on deformation and rupture of adsorbed lipid 
vesicles 

Marija Dacic2,3, marijadacic@outlook.com, Joshua Jackman2,3, Saziye Yorulmaz2,3, 
Vladimir Zhdanov2,4, Bengt Kasemo1, Nam-Joon Cho2,3. (1) Dept of Applied Physics, 
Chalmers University, Gothenburg, Sweden (2) School of Materials Science and 
Engineering, Nanyang Technological University, Singapore, Singapore (3) Centre for 
Biomimetic Sensor Science, Nanyang Technological University, Singapore, Singapore 
(4) Boreskov Institute of Catalysis, Russian Academy of Sciences, Novosibirsk, Russian 
Federation  

The fate of adsorbed lipid vesicles on solid supports depends on numerous 
experimental parameters and typically results in the formation of a supported lipid 
bilayer (SLB) or an adsorbed vesicle layer. One of the poorly understood questions 
relates to how divalent cations appear to promote SLB formation in some cases. The 
complexity arises from the multiple ways in which divalent cations affect vesicle-
substrate and vesicle-vesicle interactions as well as vesicle properties. These 
interactions are reflected, e.g., in the degree of deformation of adsorbed vesicles (if they 
do not rupture). It is however experimentally challenging to measure the extent of 
vesicle deformation in real-time. Herein, we investigated the effect of divalent cations 
(Mg2+, Ca2+, Sr2+) on the adsorption of zwitterionic 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC) lipid vesicles onto silicon oxide- and titanium oxide-coated 
substrates. The vesicle adsorption process was tracked using the quartz crystal 



microbalance-dissipation (QCM-D) and localized surface plasmon resonance (LSPR) 
measurement techniques. On silicon oxide, vesicle adsorption led to SLB formation in 
all cases, while vesicles adsorbed but did not rupture on titanium oxide. It was identified 
that divalent cations promote increased deformation of adsorbed vesicles on both 
substrates and enhanced rupture on silicon oxide in the order Ca2+ > Mg2+ > Sr2+ . 
The multiple influences of divalent cations on different factors in the system are 
discussed, clarifying experimental observations on both substrates. Taken together, the 
findings in this work offer insight into how divalent cations modulate the interfacial 
science of supported membrane systems. 
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Determining the effects of ligand density on membrane deformability and rolling 
of artificial capsules 

Hiren Balsara1, Rohan Banton2, rohan.j.banton.civ@mail.mil, Charles Eggleton1. (1) 
UMBC, Baltimore, Maryland, United States (2) US Army Research Laboratory, 
Aberdeen, Maryland, United States  

Understanding, manipulating and controlling cellular adhesion processes can be critical 
in developing biomedical technologies. Adhesive mechanisms can be used to the 
target, pattern and separate cells such as leukocytes from whole blood for biomedical 
applications. The deformability response of the cell directly affects the rolling and 
adhesion behavior under viscous linear shear flow conditions. To that end, the primary 
objective of the present study was to investigate numerically the influence of capsule 
membrane’s nonlinear material behavior (i.e. elastic-plastic to strain hardening) and 
surface ligand density on the rolling and adhesion behavior of representative artificial 
capsules. Specifically, spherical capsules with radius of 3.75 μm were represented 
using an elastic membrane governed by a Mooney–Rivlin strain energy functions. The 
surfaces of the capsules were coated with P-selectin glycoprotein-ligand-1 to initiate 
binding interaction with P-selectin-coated planar surface with density varied from 15 to 
75μm-2 under linear shear flow varying from 25 to 150s-1. The numerical model is based 
on the Immersed Boundary Method for rolling of deformable capsule in shear flow 
coupled with Monte Carlo simulation for receptor/ligand interaction modeled using Bell 
model. The results reveal that the mechanical properties of the capsule play an 
important role in the rolling behavior and the binding kinetics between the capsule 
contact surface and the substrate. The strain hardening capsules exhibits higher contact 
area at any given shear rate compared to elastic-plastic capsules. The increase in 
contact area leads to decrease in rolling velocity. The capsule contact surface is not in 
complete contact with the substrate because of thin lubrication film that is trapped 
between the capsule and substrate. This creates a concave shape on the bottom 
surface of the capsule that is referred to as a dimple. In addition, increasing the surface 
ligand density results in capsules rolling velocity to decrease and the contact surface to 
increase. Finally, the model demonstrates the effect of finite membrane deformation on 
the coupling between hydrodynamic and receptor/ligand interaction. 
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Changes of mechanical properties and adhesion of stratum corneum 
corneocytes’s as a function of depth and hydration level 

Shuo Guo1, guoshuohk@gmail.com, Carine Baltenneck2, Yegor Domanov2, Mark 
Donovan2, Eric Perez1, Gustavo S. Luengo2. (1) Laboratoire de Physique Statistique, 
Ecole Normale Supérieure, CNRS, UPMC, UPD, Paris, France (2) L'Oréal Research 
and Innovation, Aulnay-sous-bois, France  



The outer layer of skin, the stratum corneum (SC), provides a barrier against the 
external environment and trans-epidermal water loss. It is formed by a stacking of dead 
keratinized cells called corneocytes that are mechanically held together by adhesive 
structures called corneodesmosomes. This layer is continuously self-renewed by 
shedding of the outer cell layers (desquamation). The mechanical properties and 
stability of this tissue as well as the selective shedding of cells are crucial for skin 
integrity and can be severely altered in a number of cosmetic and dermatological 
conditions (e.g., dry skin, dandruff or dermatitis). 
We have measured the adhesion and mechanical properties of SC corneocytes by 
micro-manipulation. To perform the experiments, a combination of a thin glass fiber, as 
a mechanical cantilever, and a high magnification microscope was used. Various 
cantilever geometries were used to obtain force spring constants from 0.01 to 100 N/m. 
This large range of force measurement capabilities allowed us to study the in plane 
(lateral) and out of plane (vertical) adhesion force between corneocytes; as well as to 
obtain information about their mechanical properties (by monitoring their deformability 
under stress detachment). 
We will present the results of adhesion, bending rigidity and extension modulus of single 
corneocytes and small corneocyte aggregates. Cells were detached from intact SC in 
air and were therefore in biologically relevant conditions. The corneocyte properties 
were probed in the outer layers, and also at different depths of the SC. Finally, the 
influence of relative humidity and common moisturizing agents (i.e. glycerol) on cell’s 
mechanical properties, were studied. The results of this study will be discussed in terms 
of SC structure and mechanics with possible applications in dermatology and 
cosmetology. 
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Enhancement of van der Waals mediated adhesion of mosquito leg to rough 
surfaces 

Leila Pashazanusi2,3, lpashaza@tulane.edu, Noshir Pesika1,3, Nirbhay Kumar3,1. (1) 
Tulane University, New Orleans, Louisiana, United States (2) Chemical and 
Biomolecular Engineering, Tulane University, New Orleans, Louisiana, United States (3) 
Vector-Borne Infectious Disease Research Center, New Orleans, Louisiana, United 
States  

The aim of our project is to introduce a novel path that can increase the efficiency of 
Long Lasting Insecticidal Nets (LLINs). LLINs are one of the most effective ways to 
control and reduce malaria transmitted by mosquitoes. Mosquito leg consists of micro-
nanostructures which can be exploited to enhance their adhesion to other surfaces. We 
have identified that increasing the roughness of a LLIN surface enhances the contact 
area and generates larger adhesion between the net surface and micro-nanostructures 
present in mosquito leg. This increased duration leads to a greater lethal dose of the 
insecticide delivered to the mosquito body. We focused our initial efforts in obtaining 
quantitative data for measuring force of adhesion between the mosquito leg and High 
Density Polyethylene (HDPE) sheets (same as LLIN material) using Atomic Force 



Microscope (AFM). Adhesion force between the mosquito’s leg and a flat polyethylene 
sheet is compared with the force generated between the mosquito’s leg and rough 
sheets. We create rough polymer surfaces using mechanical drilling. We repeat the 
experiment for different surface roughness and humidity in order to clarify relative 
contribution of van der Waals forces compared to capillary forces in providing adhesion 
of mosquito leg to the surface. We aim to establish a model understanding how 
mosquitoes adhere to a surface depending on their micro scale roughness. 
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Understanding protein-nanoparticle interactions using small angle scattering 
technique 

Bhuvnesh Bharti1, bhuvneshbharti@gmail.com, Jens Meissner2, Gerhard Findenegg2. 
(1) Chemical and Biomolecular Engineering, North Carolina State University, Raleigh, 
North Carolina, United States (2) Institut fur Chemie, Technische Universitaet Berlin, 
Berlin, Germany  

Globular proteins are strongly adsorbed on to hydrophilic nanoparticles due to the 
patchwise electrostatic interactions. Recently, we showed that the binding of lysozyme 
and cytochrome c on to silica nanoparticles results into the formation of 
heteroaggregates and complexes. We apply small angle x-ray scattering (SAXS) as a 
tool to study the global structure of the protein-nanoparticle heteroaggregates and to 
estimate the sticky attractive potential between the silica particles. We find that the 
nanoscale morphology of these aggregates is strongly influenced by the pH and 
electrolyte concentration in the dispersion. SAXS experiments and corresponding data 
analysis provided an excellent means to characterize the aggregates, but no information 
could be extracted on the local structure of the adsorbed proteins. Here, we use small 
angle neutron scattering (SANS) to investigate the changes occurring in the shape and 
size of cytochrome c upon adsorption on to silica nanoparticles. A detailed analysis of 
the SANS profiles indicate deformations in the shape of cytochrome c upon adsorption. 
We attribute these changes to the convoluted effect of electrostatic and local-
hydrophobic interactions between the protein and silica surface. 
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Tracking nanoparticles and measuring their interactions in a nano-fluidic optical 
fiber 

Yoav Lahini1, lahini@physics.harvard.edu, Sanli Faez2, Rees Garmann1, Aaron 
Goldfain1, Stefan Weidlich3,4, Markus A Schmidt4,5, Vinothan Manoharan1. (1) Harvard 
University, Cambridge, Massachusetts, United States (2) Utrecht University, Utrecht, 
Netherlands (3) Heraeus Quarzglas GmbH & Co. KG, Hanau, Germany (4) Leibniz 
Institute of Photonic Technology, Jena, Germany (5) Otto Schott Institute of Material 
Research, Jena, Germany  



We present a non-fluorescent, label-free tracking method based on elastic light 
scattering that can image and track nanoparticles at thousands of frames per second. 
The particles are contained within a sub-wavelength, nano-fluidic channel that is 
embedded in the light-guiding core of a single-mode optical fiber. Using this method, we 
track unlabeled dielectric particles as small as 20 nm as well as individual cowpea 
chlorotic mottle virus (CCMV) virus particles – 26 nm in size and 4.6 megadaltons in 
mass – at rates of over 3 kHz for durations of tens of seconds. By taking advantage of 
the coherence of the scattering signal, we can also measure the interactions between 
the nanoparticles with high spatio-temporal resolution. 

 

 
 
 
(a) a schematic view of the guided-wave nano-scope and an electron-microscopy image of the 
fiber’s cross section, with a 245 nm channel embedded in its core. (b) Tracks of two 35nm 
dielectric particles diffusing trough the fiber, taken at 3.5 kHz. When the particles are in close 
proximity to each other, it is possible to observe a coherent enhancement of the signal, shown 
also in (c). (d) Analysis of this signal yields a measurement of the interaction potential between 
the particles.  
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Universal breakup of colloidal clusters in simple shear flow 



Yogesh Harshe1, yogesh.harshe@rdls.nestle.com, Marco Lattuada2. (1) Nestlé 
Research Center, Lausanne, Switzerland (2) Adolphe Merkle Institute, Universtiy of 
Fribourg, Marly, Switzerland  

We have studied the long term dynamics of shear-induced breakage of individual 
colloidal clusters covering a wide range of fractal dimensions using Stokesian dynamics. 
We found that the time evolution of the normalized average size of generated fragments 
by the breakup process could be scaled using a unique dimensionless time defined by 
multiplying the real time with the cluster breakage rate constant ( ς = tKB) .Clusters with 
different masses but the same fractal dimension exhibited almost identical breakage 
dynamics when exposed to equal overall hydrodynamic forces (ηγR2g,0). The steady-
state values of the average size, mass, and standard deviation of the fragments mass 
distribution showed a universal scaling depending only on the overall hydrodynamic 
force, irrespective of the initial cluster properties. We also identified two asymptotic 
regimes for the evolution of the fractal dimension 〈df〉of fragments: open clusters (df 
≤2.1) produced dense fragments with a limiting 〈df〉≈ 2.4±0.1. Conversely, dense 
clusters (df ≥ 2.5) produced fragments with 〈df〉≈ 2.5±0.1. 
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Effect of coherence on ultra-small-angle scattering 



Yuya Shinohara, shinohara.yuya@gmail.com, Yoshiyuki Amemiya. Department of 
Advanced Materials Science, The University of Tokyo, Kashiwa, Chiba, Japan  

Understanding hierarchical structures of colloidal system is important for revealing the 
interplay between structure and properties of colloidal system. Ultra-small-angle 
scattering is an important technique for investigating the hierarchical structures. Recent 
advances in X-ray brilliance and X-ray optics make it possible to conduct scattering 
measurement at ultra small angles with a small beam size. According to standard 
textbooks of small-angle scattering, scattering intensity profiles corresponds to the 
fluctuation part of scattering length density, while a forward scattering at q = 0, which is 
contributed in phase from all the scattering elements and is characterised by Dirac’s 
delta function, is not explicitly considered. We have found that the use of small-beam 
and the measurement at low q lead to a significant contribution from the forward 
scattering on the measured scattering intensity profiles, which resembles a power-law-
scattering intensity profiles depicted as Porod law of a large-scale structure [1]. This fact 
indicates that a low-q upturn that is commonly observed for hierarchical colloidal system 
suffers from the forward scattering. 
[1] Yuya Shinohara and Yoshiyuki Amemiya, J. Appl. Cryst., 48, 1660-1664 (2015). 
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Measuring particle size in concentrated dispersions at elevated temperatures: 
Acoustic spectroscopy 

Andrei Dukhin, adukhin@dispersion.com, Sean Parlia. Dispersion Technology Inc, 
Bedford Hills, New York, United States  

Additional challenges arise when studying colloid stability at elevated temperatures, 
especially for concentrated systems. What is desired is a method for characterizing 
particle size distribution that is verified at elevated temperatures, which is a rarity. Even 
a verification test for such is not thoroughly defined. Here we suggest such a test. The 
first part of this test requires the particle size distribution for an electrostatically 
stabilized dispersion, measured with a particular particle size characterization method, 
remain unchanged with increasing temperature. The second part of the verification test 
addresses the evolution of the measured raw data with increasing temperature and its 
accordance with theoretical predictions. As an example, we apply this test for verifying 
the viability of acoustic spectroscopy for such measurements. We will show that the 
particle size distribution of a stable dispersion of alumina particles (300nm) in water at 
pH 4 measured with acoustic spectroscopy remains constant within the temperature 
range from 25 °C to 50 °C. Regarding the raw data, the measured ultrasound 
attenuation frequency spectra is dominated by viscous dissipation for selected 
dispersion of solid submicron particles. This attenuation evolves with temperature as 
theory predicts when critical hydrodynamic frequency shifts to lower values, due to the 
decrease in viscosity with increasing temperature. In addition, we have shown that the 
method agrees with the Beer-Lambert law for all measured temperatures. 
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Polymer surface modification of superparamagnetic nanoparticles to achieve 
single particle dispersions in high salinity environments 

Jin Yu1, bjyjin@bu.edu, Rikkert J. Nap2,4, Stanley Heydrick3, Carl Beigie3, Yoonjee 
Park3, Igal Szleifer2,4, Joyce Y. Wong1,3. (1) Division of Materials Science and 
Engineering, Boston University, Boston, Massachusetts, United States (2) Department 
of Biomedical Engineering and Chemistry of Life Processes Institute, Northwestern 
University, Evanston, Illinois, United States (3) Department of Biomedical Engineering, 
Boston University, Boston, Massachusetts, United States (4) Department of Chemistry, 
Northwestern University, Evanston, Illinois, United States  

Superparamagnetic nanoparticles (SPIONs) can be used as nuclear magnetic 
resonance (NMR) signal enhancement agents for petroleum exploration. The SPION 
core induces a local magnetic field that synergizes with the “global” externally applied 
magnetic field, where the area immediately surrounding the SPION has a greater T2 
signal (Fig. 1). The enhancement effect is uniform if SPIONs are monodisperse in size 
and in composition. It is challenging to synthesize monodisperse particles that do not 
aggregate in high salinity petroleum brine. Here, we report a method to synthesize 
individual SPIONs coated with pAMPS* with tunable coating densities. To establish 
parameters under which pAMPS*-coated SPIONS do not aggregate, we compared 
computational predictions with experimental results for variations in pAMPS chain 
length and surface coverage (Fig. 2). Using this combined theoretical and experimental 
approach, we made singly dispersed SPIONs that can stabilize in petroleum brine for up 
to 75 hrs with high surface density pAMPS*. This approach allows chemical 
identification and quantification with singly dispersed SPIONs with tunable pAMPS* 
surface coverage to adapt to different brine environments. 

 

 



 
Figure 1. SPIONs enhancement of molecular NMR signal in petroleum industry. 

 
 
Figure 2. Schematic representation of computational model predictions of influence of degree of 
polymerization, core size, and surface density on the stability of pAMPS*-coated SPIONs in 
brine. 

CSSS 532 

HLD-NAC guided design of dilutable self-micro emulsifying delivery systems 
(SMEDS) 

Mehdi Nouraei, Mehdi.nouraei@mail.utoronto.ca, Edgar J. Acosta, Levente Diosady. 
Chemical engineering, University of Toronto, Toronto, Ontario, Canada  

Self-Micro Emulsifying Delivery System (SMEDS) are mixtures of oil and surfactants 
that upon exposure to aqueous phase, spontaneously form microemulsions that have 
been shown to improve the bioavailability of lipophilic actives. The major challenge in 
formulating SMEDS is to determine the proper type and ratio of surfactant and oil that 
leads to a fully dilutable single phase system without crossing a multiphase region 
within a ternary phase diagram. Currently, their formulation follows a trial and error 
approach involving producing full ternary phase diagrams at the specified compositions 
of surfactants and oil. The objectives of this study was to design a fully dilutable food 
grade system, based on lecithin and food-grade linkers using the the Hydrophilic-
Lipophilic-Difference (HLD) and Net-Average-Curvature (NAC) frameworks to predict 
the ternary phase diagram of these system. These predictions were used to guide the 
design of the SMEDS delivery system. The lecithin-linker formulation contained ethyl 
caprate (oil), soybean lecithin (surfactant), and glycerol esters as lipophilic and 
hydrophilic linkers. The HLD-NAC was shown to accurately predicted the values of 
solubilization capacity of the system as well as the solubilisation features of the 
corresponding ternary phase diagrams. The potential value of the HLD-NAC as a 
formulation tool will be discussed. 
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Hybrid population balance: Brownian dynamics simulations of colloidal latex 
particles with HEUR associative polymers 

Elnaz Hajizadeh2, ellie.hde@gmail.com, Ron G. Larson1. (1) Univ of Michigan, Ann 
Arbor, Michigan, United States (2) Chemical Engineering, University of Michigan, Ann 
Arbor, Michigan, United States  

A model, so-called Pop-BD for the dynamical and phase behavior of the colloidal latex 
particles with associative polymers is built, which combines mean-field population 
balance equations for the bridge/loop exchange of Hydrophobically modified 
polyethylene oxide urethanes (HEUR) chains on latex particles and a Brownian 
dynamics simulation to track motion of the latex particles. This novel simulation method 
is intended to predict the phase behavior and rheological properties of these complex 
systems in a relatively short simulation time compared to conventional colloidal scale 
simulation methods. The time evolution of fraction of HEUR chains in bridge 
configuration at different chain concentration shows an abrupt jump at some threshold 
concentration, indicative of phase separation at low to intermediate particle volume 
fractions. This transition is highly correlated to the gallery spacing between the particles 
in the suspension and the molecular weight of the HEUR chains. At higher particle 
volume fractions, the concentrated gel phase exhibits a unified network structure of 
particles interconnected with HEUR bridges without any jump in bridging fraction over 
time. The linear viscoelastic response includes a relaxation time for the bridge 
formation/destruction that varies exponentially with the size of the hydrophobe sticker 
on HEUR chains. The solution generally exhibits an extended low shear plateau with a 
modest degree of shear thickening, followed by a rather dramatic shear thinning. We 
suggest that stress buildup in HEUR chains due to stretching through bridge formation 
is responsible for the observed thickening region, while shear thinning is controlled by 
dissociation of the hydrophobe from the latex particle or generally from network 
junctions. 

CSSS 534 

Multiplexing metabolomic-based disease diagnosis by surface enhanced Raman 
spectroscopy (SERS) platform 

Ying Chen, yingchn@bu.edu, Ranjith Premasiri, Lawrence Ziegler. Chemistry, Boston 
University, Boston, Massachusetts, United States  

SERS-based platform has the potential to be successful point-of-care diagnostic tool 
addressing various human health concerns because it’s information-rich, multiplexing, 
rapid and ease-to-use. SERS has been demonstrated as an ultrasensitive method for 
detection and identification of molecules at low concentrations without needing 
fluorescent label. As a signal enhancement method, SERS arises from the well-known 
Raman cross-section enhancement effect on molecules close to (<5 nm) the surface of 



nanostructured metal substrates. Since Raman vibration features are uniquely 
dependent to the molecular structure, SERS platform is a powerful method for 
identifying biomarkers at near cell membranes and extracellular regions during 
pathological progression. These attributes allow SERS platform to be a rapid, cell-
growth free diagnostic option in urinary tract infections (UTI), sexually transmitted 
diseases (STD) chlamydia and gonorrhoea, and cancer identification. With both species 
and strain specificity we will demonstrate the ability of SERS platform to distinguish 
different bacteria strains, as well as human cancer from normal cells. Combining with 
multivariate data analysis techniques, expendable reference library and portable 
instrument, decision can be made with our SERS platform in the clinic within 1-2 hours. 
Moreover, since we had discovered that the molecular contributors of our SERS 
vibrational features to be metabolite molecules secreted by the cells in response to 
environmental change, our SES platform can be a powerful bioanalytical method 
studying metabolomics in bacteria and human cells more generally. 
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Cell-free mutant polymerase selection in microfluidic emulsion droplets 

Jesse Collins, jesse.w.collins@gmail.com. CBE and SEAS, Northwestern and Harvard, 
Evanston, Illinois, United States  

Polymerases are proteins that catalyze the synthesis of DNA sequences, typically 
extending a complementary sequence along a template strand. Their role in replicating 



DNA makes polymerases important for the evolution and health of living things, as well 
as important tools in molecular biology. We are developing a droplet-based microfluidics 
approach for discovering mutant polymerases, including those that could be useful for 
applications in recording neuron activity as part of a recent initiative to understand the 
brain. Each ~20 micron sized droplet can compartmentalize a single mutant gene and 
the ribosomes and other biomolecules necessary for the gene to be transcribed and 
translated into protein. The translated mutant polymerase, if functional, can extend its 
own gene but no others, resulting in a single strand of DNA that contains both the 
mutant polymerase's gene sequence and a means of measuring its propensity for 
matching bases correctly to the known template strand. 
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Identifying aptamer as reagents for particle precipitation 

Valeria T. Milam1, valeria.milam@mse.gatech.edu, Maeling Tapp1, Patrick Dennis2, 
Rajesh R. Naik2. (1) Materials Science & Engineering, Georgia Institute of Technology, 
Atlanta, Georgia, United States (2) Air Force Research Laboratory, AFB, Ohio, United 
States  

Aptamers are single-stranded DNA or RNA sequences that exhibit high affinity and high 
specificity for their nonnucleotide targets. While aptamers for a variety of biological 
targets (e.g. proteins) have been identified, few studies have explored colloid-based 
targets. Furthermore, aptamers are conventionally identified using a multi-round, 
evolutionary approach called "Systematic Evolution of Ligands by Exponential 
Enrichment" (SELEX) which is laborious and may bias the candidate pool towards early 
sequence “winners.” In contrast to these prior studies, we have developed a 
competition-based non-SELEX aptamer screening approach to identify single-stranded 
DNA aptamers for gold nanospheres. Following identification of several aptamer 
sequences from both normal sequence libraries (i.e. random sequences each with 25% 
adenine, thymine, guanine, and cytosine bases) and adenine-rich sequence libraries 
(i.e. random sequences each with 40% adenine and 20% of remaining bases) for gold 
nanospheres, we then explore using (1) an adenine-rich aptamer sequence; (2) a 
randomly chosen adenine-rich sequence; and (3) an adenine homopolymer as DNA-
based reagents to participate in seed-mediated growth of gold nanoparticles. 
Interestingly, UV-vis spectroscopy indicates that additions of either the randomly chosen 
adenine-rich sequence or polyadenine result in nanoparticle aggregation during growth 
while addition of the adenine-rich aptamer sequence results in dispersed gold 
nanoparticles. Apart from differences in aggregation behavior, TEM analysis does not 
reveal any significant differences in nanoparticle shape for these three select sequence 
cases. 
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Analyzing non-ionic colloidal interactions with optofluidics’ nanotweezer surface 



Brian DiPaolo, Robert Hart, Christopher Earhart, Bernardo Cordovez, bc@opfluid.com. 
Optofluidics, Philadelphia, Pennsylvania, United States  

We present the market’s latest particle analysis system. The NanoTweezer Surface 
uses cutting edge nanophotonics and microfluidics to analyze nanoscale particles in 
solution, chiefly characterizing their size and their surface properties, simply not 
possible with current instrumentation. The device uses near field optics to impart optical 
forces that drive the particles to interact against a reference surface, and by measuring 
the amount of light these particles scatter, the NanoTweezer Surface characterizes the 
interaction potential to infers the surface properties of the particle. Researchers are 
using our tool in nanomedicine and nanotoxicity to measure weak and non-ionic 
interactions such as those imparted when a particle is PEGylated, as well as assess 
ligand coverage during surface functionalization. The system allows researchers to 
better assess formulation stability, particle surface coverage and offers key new insights 
to make better colloidal systems. We will dive into the device physics as well as offer 
case studies. 
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Internalization of matrix-bound BMP-2 by cells and associated endocytosis 
pathways 

Flora Gilde1, Raphael Guillot1, Isabelle Paintrand1, Vincent Fitzpatrick1, Thomas 
Boudou1, Corinne Albiges-Rizo2, Catherine Picart1, catherine.picart@grenoble-inp.fr. 
(1) Greonoble Institute of Technology, Grenoble, France (2) Institut Albert Bonniot, 
Grenoble, France  

Surface coatings delivering growth factors such as bone morphogenetic proteins are a 
promising approach to render biomaterials osteoinductive. These coatings may be apply 
to a broad range of materials of any chemistry and topology. In contrast to soluble 
BMPs, BMP-loaded surfaces only present BMPs to the basal membrane of cells. Using 
layer-by-layer assemblies as a powerful tool to locally deliver growth factors (1), we 
recently showed that controlled amounts of BMP-2 can be loaded in films made of 



biopolymers (2), depending on their physico-chemical properties. However, it is unclear 
whether this delivery mode affects internalization and downstream signaling mediated 
by BMP-2. In this study, we compared the uptake and processing by cells of BMP-2 
either embedded in polyelectrolyte multilayer films or in solution. Using fluorescently-
labeled BMP-2 and confocal microscopy, we showed that matrix-bound BMP-2 
internalization (Fig. 1) is dependent on the cross-linking degree of the polyelectrolyte 
films. This internalization was mediated by both clathrin- and caveolin-dependent 
pathways, two important pathways involved in biomolecule trafficking. Whereas 
inhibiting clathrin-dependent endocytosis affected non-canonical signaling, blocking 
caveolin-1-dependent endocytosis reduced both canonical and non-canonical BMP 
signaling. Taken together, these results indicate that BMP-2 internalization can be tuned 
by the underlying matrix and activates downstream BMP-2 signaling, similarly to soluble 
BMP-2. Controlling BMP-2 endocytosis and signaling via engineered biomaterials will 
contribute to improve bone regeneration therapies. 
 
Bibliographic references 
1. Crouzier, T., K. Ren, C. Nicolas, C. Roy, and C. Picart. 2009. Layer-by-Layer films as 
a biomimetic reservoir for rhBMP-2 delivery: controlled differentiation of myoblasts to 
osteoblasts. Small. 5:598-608. 
2. Guillot, R., F. Gilde, P. Becquart, F. Sailhan, A. Lapeyrere, D. Logeart-Avramoglou, 
and C. Picart. 2013. The stability of BMP loaded polyelectrolyte multilayer coatings on 
titanium. Biomaterials. 34:5737-46. 
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The role of pulmonary surfactant associate protein B in model phospholipid 
monolayer 

Min Wu, wuminandhaley55@gmail.com, Hongbo Zeng, Hao Zhang. Chemical and 
Materials Engineering, University of Alberta, Edmonton, Alberta, Canada  

A highly efficient working pulmonary surfactant film is related with processes of quick 
adsorption and desorption of lipid molecules to the air-water interface during the 
inspiration and expiration circles. Understanding the role of surfactant protein in these 
processes is of great importance to explore surfactant substitute for pulmonary 
surfactant replacement therapy. Experimental methods of Langmuir isotherms and 
atomic force microscopy(AFM) imaging, molecular dynamics simulation methods were 
employed to investigate the effects of the yeast expressed recombinant surfactant 
protein B (SP-B) on the biophysical property and morphology of 
dipalmitoylphosphatidylcholin (DPPC) monolayer. From the surface pressure-area 
relationship it was found that SP-B tends to lower the surface tension and keep the lipid 
retaining at the air-water interface. The AFM images show that there are two dominant 
transition features or crystallization mechanisms for DPPC molecules from liquid phase 
to solid domain when compress the monolayer. In cyclic compression-expansion 
experiments, lipid monolayer with SP-B gradually formed a mesh with nano-sized 
domains. Molecular dynamics simulation has also been conducted for the surface 
pressure-area relationship of DPPC monolayer with and without protein Mini-B (2DWF), 
a synthetic analog of SP-B with 34 amino acids where both N- and C- terminal are α 
helixes. The simulation results show that Mini-B facilitates the process of lowering 
surface tension during compressing, which agrees with the experimental 
measurements. It was also found that the N- and C- terminals of the protein behave 
differently when lowering the area per lipid molecule by changing the length of helix and 
relative position in lipid monolayer which indicates possible mechanisms of protein-lipid 
interaction in the experiment. The shear viscosity increase when SP-B present and 
surface pressure elevated. Our results show the lateral structure of model surfactant 
film and provide useful information about the effects of protein SP-B on forming this 
single component monolayer with high reversibility. 
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Relating interfacial shear rheology to monolayer morphology 

Joseph A. Zasadzinski3, zasad008@umn.edu, Amit Sachan3, Todd Squires2, Siyoung 
Choi4, Ka Yee C. Lee1. (1) The University of Chicago, Chicago, Illinois, United States (2) 
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States (3) Chemical Engineering and Materials Science, University of Minnesota, 
Minneapolis, Minnesota, United States (4) Chemical Engineering, KAIST, Seoul, Korea 
(the Republic of)  



Phase separation and domain formation play an essential role in the organization and 
properties of lung surfactant monolayers that lower the surface tension at the alveolar 
air-liquid interface to reduce the work of breathing. Lung surfactant monolayers must 
spread rapidly to cover the expanding air-water interfaces generated by the expansion 
of the alveoli during normal breathing. Understanding the effects of phase coexistence 
on interfacial dynamics and how the monolayer viscosity depends on film composition, 
morphology and molecular organization is necessary for the formulation of replacement 
lung surfactants for treatment of neonatal (NRDS) and acute (ARDS) respiratory 
distress syndromes that affect 30000 premature infants and more than 150,000 adults 
in the US every year. more people die from ARDS each year than HIV/AIDs or breast 
cancer. Interfacial viscosity is important during the instillation of replacement lung 
surfactants and re-opening of bronchial airways in infants with NRDS or adults with 
ARDS. 
We find that the interfacial viscosity depends exponentially on the fraction of rigid 
domains, the two-dimensional analog of three-dimensional suspensions of hard spheres 
in a solvent. In 3-D suspensions, the effective viscosity scales as the number of 
particles in contact, divided by the short-time self-diffusivity at the sphere volume 
fraction of interest. The monolayer shear viscosity, µs, scales with the area fraction, A, 
of the high viscosity, ordered domains as: µs/µso =(1-A/Ac )-b . As in three dimensions, Ac 
is the critical area for close packed circles, µso is the shear viscosity of the low viscosity, 
continuous phase and 1 < b < 2, depending on the range of hydrodynamic and repulsive 
forces between the solid phase domains. Mixed monolayers of 
dipalmitoylphosphatidylcholine, palmitic acid and cholesterol (lipid components of lung 
surfactant) show complex phase separation into rigid domains in a continuous low 
viscosity matrix. The interfacial rheology of these mixtures measured by a novel 
magnetic micro-disc rheometer is used to show the excellent correspondence between 
theory and experiment. 
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Soft polymer mechanics in the initiation and robustness of bacterial biofilms 

Vernita Gordon, gordon@chaos.utexas.edu. Physics, The University of Texas at 
Austin, Austin, Texas, United States  

In biofilms, bacteria and other microbes are embedded in extracellular polymers (EPS). 
Multiple types of EPS can be produced by a single bacterial strain - the reasons for this 
redundancy are not well-understood. Our work suggests that different polymers may 
confer distinct mechanical benefits. Our model organism is Pseudomonas aeruginosa, 
an opportunistic human pathogen that forms chronic biofilm infections associated with 
increased antibiotic resistance and evasion of the immune defense.  
 
 
Biofilms initiate when bacteria attach to a surface, sense the surface, and change their 
gene expression. Changes in gene expression are regulated by a chemical signal, 
cyclic-di-GMP. We find that one EPS material, called “PEL,” enhances surface sensing 



by increasing mechanical coupling of single bacteria to the surface. Measurements of 
bacterial motility suggest that PEL may increase frictional interactions between the 
surface and the bacteria. Consistent with this, we show that bacteria increase cyclic-di-
GMP signaling in response to mechanical shear stress. Mechanosensing has long been 
known to be important to the function of cells in higher eukaryotes, but this is one of 
only a handful of studies showing that bacteria can sense and respond to mechanical 
forces. 
 
 
For the mature biofilm, the embedding polymer matrix can protect bacteria both 
chemically and mechanically. P. aeruginosa infections in the cystic fibrosis (CF) lung 
often last for decades, ample time for the infecting strain(s) to evolve. Production of 
another EPS material, alginate, is well-known to tend to increase over time in CF 
infections. Alginate chemically protects biofilms, but also makes them softer and 
weaker. Recently, it is being increasingly recognized that bacteria in chronic CF 
infections also evolve to increase PSL production. We use oscillatory bulk rheology to 
determine the unique contributions of EPS materials to biofilm mechanics. Unlike 
alginate, increased PSL stiffens biofilms. Increasing both PSL and alginate expression 
increases the energy cost to break the biofilm. We compare the elastic moduli of 
biofilms to estimated stresses exerted by phagocytotic immune cells, and infer that 
increased PSL could confer a mechanical fitness benefit. 
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Transitional emulsion phase inversion induced by oil-dispersed pH responsive 
particle emulsifiers 

Yuanyuan Zhou, pm11yz@leeds.ac.uk, Olivier Cayre, Timothy Hunter, David 
Harbottle. Engineering, Institution of particle science and engineering, University of 
Leeds, Leeds, United Kingdom  

The controllability of Pickering emulsions stabilised with latex or microgel particles using 
responsive environmental triggers has been studied extensively in past ten years. 
However, in almost all cases the particles are stabilised in the aqueous phase, and 
there are very few examples in the literature of oil-dispersed responsive particles where 
in particular pH is used as a potential trigger. In this work, we first synthesize polymer 
core-shell particles dispersed in an alkane with systematically increased methyl 
methacrylate and 2-vinyl pyridine content in the particle core. Subsequently, the 
particles were used as Pickering emulsifiers for dodecane-water systems at pH 2 and 
pH 6. As the designed responsive part was the poly2VP in particle core, the particles 
were expected to behave differently under both pH conditions at the emulsion droplet 
interface. At pH 2 (which is below the pKa of 2VP polymer) transitional phase inversion 
from water in oil droplets (pH 6) to oil in water ones (pH 2) was observed for all particle 
samples containing more than 50% 2-VP monomer in their core. This was accompanied 
by a sharp decrease of the mean emulsion droplet diameter, a typical behaviour found 
in emulsion phase inversion phenomena. 



Additionally, to study the responsiveness in detail, o/w emulsions were pre-formed at pH 
2 followed by injection with 5 ml of a pH12 base solution into the system. 
Demulsification occurred immediately in these cases, indicating a rapid pH 
responsiveness of these oil-dispersed core-shell particles (with potential applications in 
oil harvesting for example). Further, the nature of the particle layers at both o/w and w/o 
emulsions was studied by Cryo-SEM, while to understand the particle adsorption 
kinetics, interfacial tension as function of time as well as droplet dilation experiments 
were performed. Generally, results suggest that oil dispersible core-responsive particles 
show promise as stabilisers of water-in-oil emulsions at pH 6 and induce the transitional 
phase inversion into o/w emulsion at pH 2. The ability of environmentally-responsive 
particles to control the type and stability of Pickering emulsions has only been 
demonstrated so far for aqueous-dispersed particles. Our work describes these 
phenomena for oil-dispersed particles for the first time. 
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Mechanistic steps and factors involved in flow-induced phase inversion of 
emulsions 

Ankit Kumar1, kankit@seas.upenn.edu, Shigeng Li2, Chieh-Min Cheng2, Daeyeon 
Lee1. (1) Chemical & Biomolecular Engineering, University of Pennsylvania, 
Philadelphia, Pennsylvania, United States (2) Manufacturing & Materials Technology 
Area, Toner Development & Manufacturing Group, Xerox Corporation, Webster, New 
York, United States  

Phase inversion emulsification (PIE) is a process of generating emulsions by inverting 
the continuous and dispersed phases of a pre-existing emulsion. It is a low-energy 
alternative to direct emulsion generation and is particularly useful when it is challenging 
to generate the target emulsions by conventional emulsification methods. One such 
case is when fine emulsions of a viscous fluid phase are required for applications such 
as synthesis of polymeric particles. Flow-induced phase inversion emulsification (FIPIE) 
involves phase inversion of emulsions by flowing them through precisely engineered 
channels and membranes. In this study, phase inversion of O/W emulsions is induced 
by flowing them through microfluidic channels with constriction-expansion geometry. 
Real-time in situ observation of single droplet-level events involved in the process 
provides insights into the mechanistic steps leading to phase inversion. Low Capillary 
numbers favor the inversion outcome indicating that the process is predominantly 
surface tension driven. The wettability of the channel walls and the geometry of the 
constriction-expansion channels play a crucial role in determining the location and 
probability of phase inversion occurring inside the channels. 

 



 
 
Flow-induced phase inversion of O/W emulsions inside a tapered microchannel recorded by 
high-speed real-time in situ imaging. 
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Hierarchical emulsion networks from endoskeletal droplets 

Tamas A. Prileszky, tprilesz@udel.edu, Eric M. Furst. Chemical and Biomolecular 
Engineering, University of Delaware, Newark, Delaware, United States  

The shape of liquid-liquid interfaces at small length scales is dictated by surface 
tension. In the colloidal size regime, isotropic interfaces are highly favorable to 
anisotropic ones due to the large energy cost of increasing interfacial area. As a result, 
emulsions consist of spherical droplets that coarsen through coalescence into larger 
spheres and eventually a fully phase-separated system. The coarsening behavior of 
emulsions implies that they are intrinsically incapable of building larger structures, 
limiting them to forming isotropic, discontinuous dispersions. 
 
Producing emulsion droplets that resist coarsening requires a structural scaffold to be 
introduced to counteract surface tension. In endoskeletal droplets, the scaffold consists 
of an internal network of intercalated wax crystallites with a yield stress strong enough 
to resist the driving force for droplet collapse. As a result, the droplets can be molded 
into anisotropic shapes. However, the internal elasticity is not insurmountable; multiple 
droplets can partially coalesce with others, forming larger suprastructures that retain the 
shapes of the component droplets. Many droplets can be coalesced into linear 
secondary structures akin to polymer chains, which can then assemble tertiary folded 
structures similar to electrospun fiber networks, resulting in hierarchical assemblies of 
bicontinuous fluids that preserve a continuous, anisotropic liquid interface. The size 
scales of these networks can be tuned during formation or once formed by applying 
external fields or tuning coalescence between droplets, allowing diverse networks to be 
formed. We present a microfluidic method for producing droplet suprastructures 
continuously and demonstrate control of three-dimensional structures during and after 
production 
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Emulsification of hydrocarbon oil into structured platelet suspensions 

William Ganley, william.ganley@bristol.ac.uk, Jeroen van Duijneveldt. School of 
Chemistry, University of Bristol, Bristol, United Kingdom  

Highly anisometric colloidal particles, such as montmorillonite clay platelets, are useful 
building blocks in the construction of nano- and micro-structured soft materials as their 
non-spherical shape and high surface charge result in an assortment of in- and out-of-
equilibrium states. We have recently shown that the structure formed by aqueous 
suspensions of montmorillonite platelets can be controlled by altering the particle 
surface chemistry [1]. We extend this work into a study of oil droplets emulsified into 
these structured suspensions. Previous reports of emulsions stabilised by platelets have 
shown that large excesses of particles (10x by area) are required to drive droplet sizes 
down [2]. 
 
Here we present a kinetic model based on a competition between droplet break-up and 
coalescence that is mediated by particle adsorption and, critically, desorption in 
turbulent flow. This model was numerically solved using known physical parameters and 
showed good agreement with experiment. Such a model therefore explains the need for 
an excess of stabilising particles in systems where droplet break-up and stabilisation 
processes are on similar time-scales and can be used to predict the most efficient 
formulation to minimise droplet diameters for given materials and mixing conditions. 
 
Finely controlled emulsion-based formulations can be designed by combining this 
improved understanding of the role of montmorillonite platelets with previous work on 
rheology control in aqueous platelet suspensions. In such systems the minority 
component has the potential to control droplet size, stability and emulsion rheology. 
 
[1] W. J Ganley and J. S. van Duijneveldt, Langmuir. 31, 4377 (2015). 
[2] Y. Cui, M. Threlfall and J. S. van Duijneveldt, Journal of Colloid and Interface 
Science. 356, 665 (2011). 

 



 
 
Micrograph of hexadecane-in-water emulsion; droplet volume fraction: 0.468, particle volume 
fraction: 0.602. 
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Effect on drop coalescence of polymer-coated Janus gold nanoparticle 
compatibilizers: van der Waals interactions and Marangoni stresses 

Carolina Vannozzi, carolina.vannozzi@gmail.com. UCSB, Pisa, Italy  

Polymer-coated Janus gold nanoparticles (PJGNPs) are amphiphilic, highly surface 
active particles and have been proposed as new compatibilizers in immiscible polymer 
blends as an alternative to block-copolymers (BCs) to increase the optical, magnetic 
and mechanical properties of the resulting composite materials. However, the gold 
cores in PJGNPs also increase the magnitude of the disjoining pressure (DP), i.e. the 
van der Waals interactions per unit area, in the thin film between the polymeric drops, 
accelerating unwanted coalescence. Here, we evaluate for the first time quantitatively 
the effect on the drainage time, a measure of coalescence speed, of PJGNP-stabilized 
drops by performing scaling and parametric boundary integral simulations of two drops 
stabilized by PJGNPs undergoing a head-on collision in extensional flow. The PJGNPs 
are treated as surfactants and an ad hoc expression for DP is used that takes into 
account the nanoparticle concentration and size. The PJGNP interfacial diffusivity (Ds), 
via the surface Peclet number (Pes), and the surface elasticity, via the Marangoni 
number (Ma), were also varied. Flow-induced coalescence was found very sensitive to 
all three parameters. Compared to a BC stabilized system the gold cores in PJGNP-



stabilized blends reduce dramatically the drainage time when the interparticle distance 
is small: up to 60% for 3nm core diameter and touching cores, increasing significantly 
the coalescence probability for drop sizes <5μm. However, polymeric ligands on 
PJGNPs diminish this effect considerably. Thus, we can design the ligands to hinder 
enhanced VDW interactions, and at the same time retain PJGPNs’ appealing 
properties. Additionally, our simulations suggest that, besides the enhanced DP, other 
causes, like a Ds higher than the one estimated via the Stokes-Einstein relation and the 
presence of entropic attraction between the drop interfaces stabilized by PJGNPs, have 
to be simultaneously present to explain the dramatic drainage time reduction reported in 
recent experiments with PJGNP-stabilized drops compared to the BC-stabilized drops. 
The results of this work are not limited to polymeric materials, but are extendible to 
oil/water emulsions and drug-delivery. 
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Storage stable concentrated emulsions of hydrofluoroethers and perfluoroethers 

David Malotky, dmalotky@dow.com, Robert Bills. The Dow Chemical Company, 
Midland, Michigan, United States  

Hydrofluoroethers (HFE) and perfluoroethers (PFE) have unique properties because of 
their very low surface energy, and omniphobic nature, but these very properties make 
them difficult to incorporate into aqueous systems. We have addressed this problem 
with a combination of formulation and process to generate concentrated (up to >90% 
wt.), storage stable emulsion concentrates with Volume Mean particle size < 5 microns. 
This process is most effective when performed using Dow’s mechanical dispersion 
technology based on rotor stator mixing equipment. These aqueous emulsion 
concentrates are easily diluted by cold mixing and can be easily incorporated into a 
partial cosmetic formulation to create a finished product. 
 
This series of materials can also provide insight into the emulsification process by 
Taylor breakup theory because of the wide range of interfacial tensions observed 
across the class of materials with the same surfactant system. 

CSSS 548 

Silicone microemulsions 

Yihan Liu, yihan.liu@dowcorning.com. Dow Corning Corp, Midland, Michigan, United 
States  

Silicone can form microemulsions with water and surfactant in a manner similar to 
organic oils. The phase behaviors of microemulsions that involve low molecular weight 
dimethylsiloxane bear similarity to those of microemulsions that involve liquid alkanes. 
However, the solubility of polydimethylsiloxane – the most common form of silicone oil – 
in aqueous surfactant phase is virtually zero but increases dramatically when the 



silicone molecule contains polar functional groups. Microemulsions of water-immiscible, 
polar functional group-bearing, high molecular weight silicones have been profitable 
products on the market for many decades. This talk covers the structure and properties 
of aqueous microemulsions of polymeric silicones, and shares recent results on the 
encapsulation of active ingredients in silicone microemulsions. 
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Generation of cellulose nanofiber based microcapsules with tunable mechanical 
properties 

Gilad Kaufman3, gilad.kaufman@yale.edu, Shomeek Mukhopadhyay1, Yekaterina 
Rokhlenko1, Siamak Nejati2, Rostislav Boltyanskiy1, Chineduum Osuji3. (1) Yale 
University, New Haven, Connecticut, United States (2) drexe univeristy, Philadelphia, 
Pennsylvania, United States (3) Chemical Engineering, yale, New Haven, Connecticut, 
United States  

Microcapsules with tunable mechanical properties have sparked significant interest in 
the last decade due to their remarkable potential in the fields of biomedical devices, 
sensors, drug delivery, and food products. However, a fast and straightforward 
approach for reinforcement of capsule shells still remains a challenge. We report a 
single step method for generation of monodisperse cellulose nanofiber based 
microcapsules with high mechanical stability. The incorporation of cellulose nanofiber in 
the shell allows for the transfer of its impressive mechanical properties into the shell. 
The capsule shells are formed by electrostatic interactions between cellulose nanofiber 
dissolved in water, and an amphiphilic cationic random copolymer dissolved in oil, at the 
interface of water-in-oil drops. The resulting capsule shells are hydrated and on the 
order of 10-12 microns thick. We characterize the mechanical properties of the 
microcapsules by compression experiments and demonstrate the ability to tune the 
shells' mechanical properties by adding a polyelectrolyte to the water phase and varying 
its concentration 
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Core-shell rubbery fillers for massive electrical conductivity enhancement and 
toughening of a polystyrene-graphene nanoplatelet composite 

Indrani Chakraborty, Arun Shukla, Arijit Bose, bosea@egr.uri.edu. University of Rhode 
Island, Kingston, Rhode Island, United States  

Graphene nanoplatelets (GNP) are often added to polymers to provide electrical 
conductivity to a composite. Because of interfacial incompatibility, this results in a large 
drop in the flexural strength and toughness of the composite compared to the native 
polymer. Here we show that adding core shell rubbery (CSR) nanoparticles, that have a 
polybutadiene (PB) core and a thin polystyrene (PS) compatible shell, to a PS-GNP 
composite enhances the dispersion of the GNP and suppresses their restacking, 



increasing the electrical conductivity of the composite by several orders of magnitude. In 
addition there is complete recovery of the flexural strength and a large increase in 
toughness compared to the bare PS. The recovery of the mechanical properties is 
related to a uniform distribution of the CSR and good binding at the interfaces because 
of the compatibility of the filler surface with the PS matrix, as well as the rubbery nature 
of the PB core. This strategy of using a second filler as both a toughening agent as well 
as a dispersion aid breaks a commonly encountered tradeoff between electrical and 
mechanical property enhancement by fillers. It can be deployed for applications where 
both a high electrical conductivity and excellent mechanical properties of polymer 
composites are desired. 
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A molecular engineering approach to developing polymer-nanoparticle networks 
and nanocomposites 

Mackenzie T. Geiger, geigem31@gmail.com, David Hurrelbrink, Saad Khan. Chemical 
& Biomolecular Engineering, North Carolina State University, Raleigh, North Carolina, 
United States  

 
Nanocomposites frequently have more desirable physical properties than unfilled 
polymer systems, but issues such as phase separation, inhomogeneity, and particle 
aggregation can make them challenging to optimize and produce. The effects of these 
issues can be mitigated by engineering nanocomposites in which nanofillers are 
chemically incorporated into the molecular structure of the polymer systems that contain 
them. This work describes a novel approach to the engineering of polyurethane-fumed 
silica nanocomposites, in which hydroxyl groups on the surface of fumed silica 
nanoparticles were allowed to react with terminal isocyanate groups of a linear 
prepolymer, thus creating chemically bound polyurethane-fumed silica networks. The 
synthesis was performed using various concentrations of fumed silica, as well as two 
linear chain extenders. The thermal, mechanical, and structural behavior of the resulting 
materials was investigated using thermogravimetric analysis (TGA), differential 
scanning calorimetry (DSC), dynamic mechanical analysis (DMA), and solution 
rheology. We found that controlled incorporation of fumed silica into the molecular 
structure of polyurethane results in materials with tunable properties in terms of 
mechanical strength, elasticity and thermal stability. 
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Single molecular adhesion of a stimuli responsive polymer on the surface of 
molybdenum disulfide (MoS2) 

Yuechao Tang, yuechao@ualberta.ca, Zhenghe Xu, Qingxia Liu. Department of 
Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta, Canada  



Adhesions of polymer on organic/inorganic surfaces in an aqueous medium have 
attracted a great deal of scientific interests, as it is of paramount importance in a wide 
range of industrial and biomedical applications. Recent research reported the 
importance of the interaction between hydrophobic macromolecules and substrates in 
underwater adhesion1. However, the adhesion of polymer on substrates in single 
molecular level and the key factors in determining the strength of adhesion in such 
system remain ambiguous. 
 
A thermal/salt dual responsive oligo (ethylene glycol) copolymer was studied by Single 
Molecular Force Spectroscopy (SMFS) on hydrophobic MoS2 surface. The stimuli 
responsive property of polymer provides the opportunity to probe the adhesion force as 
a function of hydrophobicity using one polymer-substrate combination. Instead of 
changing temperature, the desorption force of peeling a single polymer chain from the 
MoS2 substrate was measured over a wide range of NaCl concentrations. Our results 
show that polymer-liquid interfacial energy plays an important role in determining the 
magnitude of single polymer adhesion force on MoS2. 
 
Reference: 
1. Yu, J.; Kan, Y.; Rapp, M.; Danner, E.; Wei, W.; Das, S.; Miller, D. R.; Chen, Y.; Waite, 
J. H.; Israelachvili, J. N., Adaptive hydrophobic and hydrophilic interactions of mussel 
foot proteins with organic thin films. Proceedings of the National Academy of Sciences 
of the United States of America 2013, 110 (39), 15680-15685. 

 

 



 
Schematic illustration of peeling a single oligo (ethylene glycol) copolymer chain from the 
surface of MoS2 using Single Molecular Force Spectroscopy (SMFS). 
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Reverse micelles from hydrogen bonding surfactants 

Marc A. Walters1, marc.walters@nyu.edu, Yung-Lin Chang1, Arnold L. Rheingold2. (1) 
Chemistry, New York University, New Rochelle, New York, United States (2) Chemistry, 
UC San Diego, San Diego, California, United States  

This talk will describe the formation of reverse micelles that consist of hydrogen bonding 
cationic surfactants paired with anionic sugar acids and other carboxylate containing 
counterions. The resulting structures are uniform and stable under ambient conditions. 
Hydrogen bonding interactions between cationic amphiphiles and their counterions 
promote reverse micelle formation and in many cases eliminates the need for 
cosurfactants. One member of this class of cationic surfactants is 
hexadecyldimethylammonium acetamide that forms amide-carboxylate hydrogen bonds 
with glucuronate in chloroform. Related systems will be described. 
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Molecular dynamics study of the diffusivity of a hydrophobic drug cucurbitacin B 
in pseudo-poly(ethylene oxide-b-caprolactone) micelle environments 

Negin Razavilar, razavila@ualberta.ca, Phillip Choi. Chemical and Materials 
Engineering, University of Alberta, Edmonton, Alberta, Canada  

Isobaric−isothermal molecular dynamics simulation was used to study the diffusion of a 
hydrophobic drug Cucurbitacin B (CuB) in pseudomicelle environments consisting of 
poly(ethylene oxide-b-caprolactone) (PEO-bPCL) swollen by various amounts of water. 
Two PEO-b-PCL configurations, linear and branched, with the same total molecular 
weight were used. For the branched configuration, the block copolymer contained one 
linear block of PEO with the same molecular weight as that of the PEO block used in 
the linear configuration but with one end connecting to three PCL blocks with the same 
chain length, hereafter denoted PEO-b-3PCL. Regardless of the configuration, the 
simulation results showed that the diffusivity of CuB was insensitive to the water 
concentration up to ∼8 wt % while that of water decreased with an increasing water 
concentration. The diffusivity of CuB (10−8 cm2 /s) was 3 orders of magnitude lower than 
that of water (10−5 cm2 /s). This is attributed to the fact that CuB relied on the wiggling 
motion of the block copolymers to diffuse while water molecules diffused via a hopping 
mechanism. The rates at which CuB and water diffused into PEO-b-PCL were twice 
those in PEO-b-3PCL because the chain mobility and the degree of swelling are higher 
and there are fewer intermolecular hydrogen bonds in the case of PEO-b-PCL. The 
velocity autocorrelation functions of CuB show that the free volume holes formed by 



PEO-b-3PCL are more rigid than those formed by PEO-b-PCL, making CuB exhibit 
higher-frequency collision motion in PEO-b-3PCL than in PEO-b-PCL, and the 
difference in frequency is insensitive to water concentration. 
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Observation of depletion induced crystallization of magnetic colloids at an oil-
water interface 

Ping Liu, liu.ping.cn.11@gmail.com, Daniël N. ten Napel, Albert P. Philipse. Debye 
Institute for Nanomaterials Science, Utrecht, Netherlands  

Depletion interaction is introduced for the first time as a competing force against long 
range magnetic repulsion to direct colloidal assembly at an oil-water interface. Different 
types of depletants and their concentrations were optimized to achieve long range 
depletion interactions at an hexane-water interface for hydrophilic submicron-sized 
magnetic silica colloids. Polyethylene oxide (PEO) (Mw = 7000 kg/mol, Rg = 210 nm) is a 



good candidate of depletants compared to dextran (Mw = 2000 kg/mol, Rg = 38 nm), due 
to the strong electrostatic interactions between the colloids at the interface. When using 
PEO as depletant, depletion induced crystallization of magnetic colloids at hexane-
water interface happens in one minute after adding colloidal suspension to interface. 
These close packed crystals melt by applying an external magnetic field perpendicular 
to the interface and transform into a repulsive triangular lattice. A reversible self-
assembly process is established by switching on and off the external magnetic field. 
Upon decreasing the magnetic field strength, there is a stripe phase forming at relatively 
high surface density due to the softening of the magnetic repulsion by depletion 
attraction at close distance. This work sheds new light on using depletion interaction at 
an interface to direct colloidal assembly. 

 

 
 
In the presence of the depletant and surfactant in the bottom phase, the hydrophilic magnetic 
silica colloids can self-assemble into closed packed 2D crystals at the hexane-water interface 
after spreading the particle suspension to interface. 
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Structural versus plasmonic evolution during sulfidation of silver nanoprisms 

Mohammad M. Shahjamali1,2, mshahjamali@gmail.com, Negin Zaraee1,2, Nicolas 
Large2, George C. Schatz2. (1) Harvard John A. Paulson School of Engineering and 
Applied Sciences, Harvard University, Cambridge, Massachusetts, United States (2) 
Department of Chemistry and International Institute for Nanotechnology, Northwestern 
University, Evanston, Illinois, United States  

Plasmonic hybrid nanostructures have attracted a great deal of attention due to their 
enhanced chemical and thermal stability, in addition to their morphology and 
composition-dependent tunable local surface plasmon resonances. Ag/Ag2S 



nanoprisms are an interesting category among the plasmonic hybrid nanostructures. 
Although Ag/Ag2S nanostructures can be synthesized via sulfidation of as-prepared 
anisotropic Ag nanoparticles, this process is poorly understood, often leading to 
materials with anomalous compositions, sizes, shapes, and consequently, optical 
properties. 
In this work, we use theory and experiment to investigate the structural and plasmonic 
evolution of Ag/Ag2S nanoprisms during the sulfidation of Ag precursors. The previously 
observed red-shifted extinction of the Ag-Ag2S hybrid nanoprism as sulfidation occurs 
contradicts theoretical predictions, indicating that the reaction does not just occur at the 
prism tips as previously speculated. By elucidating the correlation with the final structure 
and morphology of the synthesized Ag/Ag2S nanoprisms, we found that, depending on 
the reaction conditions, sulfidation occurs on the prism tips and/or the (111) surfaces, 
leading to a core-anisotropic shell nanoprism. Additionally, we demonstrate that the 
direction of the shift in the dipole plasmon is a function of the relative amounts of Ag2S 
at the prism tips and Ag2S shell thickness around the prism. 
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Metal-organic coordination networks at surfaces to control single-site transition 
metal oxidation state 

Christopher Tempas, ctempas@indiana.edu, Daniel Skomski, Brian J. Cook, Tobias 
Morris, Alexander V. Polezhaev, David Wisman, Kevin A. Smith, Kenneth G. Caulton, 
Steven L. Tait. Indiana University, Bloomington, Indiana, United States  

Control of the chemical state and reactivity of metal centers on surfaces is a key 
challenge in developing higher selectivity of heterogeneous catalysts. Nanoparticle 
catalysts have surface atoms in a variety of bonding environments, generating many 
different active sites and impairing selectivity. Here, we report the formation of single-
site transition metal centers formed by on-surface redox chemistry, which are shown to 
have a well-defined oxidation state and precise, highly-ordered structure. Metal 



oxidation occurs through reaction with tetrazine-based ligands to form one-dimensional 
chains on the surface. Additionally, we demonstrate that by modifying the 
functionalization of the ligand to shift the LUMO position, the oxidation state of the metal 
centers can be changed in a predictable way. Vanadium is used as the metal in these 
experiments, and it is oxidized to V(II) by bis-pyridinyl-tetrazine and to V(III) by bis-
pyrimidinyl-tetrazine. These systems were studied using scanning tunneling 
microscopy, X-ray photoelectron spectroscopy, and non-contact atomic force 
microscopy. Control of single-site metal centers at surfaces in this way allows new 
insights into inorganic complexes at surfaces and may lead to the development of high 
selectivity in next-generation heterogeneous catalysts. 
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LaMer Keynote Lecture: Modulating nanoparticle properties and features for 
enhanced biological performance 

Aaron C. Anselmo1, anselmo@mit.edu, Samir Mitragotri2. (1) David H. Koch Institute 
for Integrative Cancer Research, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States (2) Chemical Engineering and Center for Bioengineering, 
University of California Santa Barbara, Santa Barbara, California, United States  

The major bottlenecks limiting the translation of therapeutic nanoparticles into the clinic 
stem from their limited abilities to circulate through blood, selectively target tissues, 
breach biological barriers, and finally enter diseased cells. Fundamentally, the 
physicochemical properties of nanoparticles dictate their performance in successfully 
navigating these drug delivery and biological challenges. As such, tuning nanoparticle 
physicochemical properties such as size, shape, elasticity, and surface chemistry 
presents an attractive strategy to improve the overall efficacy of nanotherapeutics. Here, 
I will highlight key areas of my Ph.D research where I leverage fundamental in vitro 
microfluidic studies to elucidate key nanoparticles design features (e.g. size, shape and 
surface chemistry) which are essential in improving nanoparticle performance in an 
applied in vivo setting for a variety of applications (e.g. circulation, targeting, and 
hemostasis). Specifically, I will discuss how nanoparticle shape, elasticity, and surface 
chemistry can be tuned, both individually and in combination, to modulate the biological 
performance of nanoparticles. 
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Mucin-inspired thermoresponsive synthetic hydrogels induce stasis in human 
pluripotent stem cells and human embryos 

Nicholas Warren2, n.warren@shef.ac.uk, Irene Canton3, Katherine Amps3, Aman 
Chahal3, Andrew Wood3, Richard Weightman3, Eugenia Wang4, Harry Moore3, Steven 
P. Armes1. (1) Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (2) Chemistry, 
University of Sheffield, Sheffield, United Kingdom (3) Department of Biomedical 
Science, University of Sheffield, Sheffield, South Yorkshire, United Kingdom (4) 



Department of Biochemistry and Molecular Biology, Uinversity of Louisville, Louisville, 
Kentucky, United States  

Human pluripotent stem cells (hPSCs; both embryonic and induced pluripotent) rapidly 
proliferate in adherent culture to maintain their undifferentiated state. However, for 
mammals exhibiting delayed gestation (diapause), mucin-coated embryos can remain 
dormant for days or months in utero, with their constituent PSCs remaining pluripotent 
under these conditions. Here we report cellular stasis for both hPSC colonies and 
preimplantation embryos immersed in a wholly synthetic thermoresponsive gel 
comprising poly(glycerol monomethacrylate)-poly(2-hydroxypropyl methacrylate) 
[PGMA55-PHPMA135]. In this case, gelation is caused by numerous contacts between 
block copolymer worms prepared via polymerization-induced self-assembly. Such a 
synthesis is particularly convenient as it can be conducted in phosphate buffered saline 
and the resulting polymer purified by extensive dialysis and freeze dried to form a fine 
powder. We demonstrate that the powder can be dispersed in cold cell media, sterilized 
via ultrafiltration and subsequently gelled by warming up to physiological temperature, 
due to a sphere-to-worm transition. The resulting hydroxyl-rich mucin-mimicking non-
adherent 3D gel maintained PSC viability and pluripotency without passaging for at 
least 14 days. Similarly, gel-coated human embryos remain in a state of suspended 
animation (diapause) for up to 8 days. The discovery of a cryptic cell arrest mechanism 
for both hPSCs and embryos suggests an important connection between the cellular 
mechanisms that evoke embryonic diapause and pluripotency. Moreover, such 
synthetic worm gels offer considerable utility for the short-term (weeks) storage of either 
pluripotent stem cells or human embryos without cryopreservation. 
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Advances in biomimetic nanomaterials for multifunctional inhalation aerosols in 
pulmonary biomedicine 



Heidi M. Mansour1,2, mansour@pharmacy.arizona.edu, Joseph D. Brain3. (1) College 
of Pharmacy, The University of Arizona, Tucson, Arizona, United States (2) Dept. of 
Medicine, Div. of Translational & Regenerative Medicine, The University of Arizona 
College of Medicine, Tucson, Arizona, United States (3) Harvard T.H. Chan School of 
Public Health, Harvard University, Cambridge, Massachusetts, United States  

Heidi M. Mansour, Ph.D. 
The University of Arizona College of Medicine & College of Pharmacy 
Joseph D. Brain, Ph.D. 
Harvard University School of Public Health 
 
The fundamental and applied aspects of surface chemistry and nanotechnology in the 
solid-state for targeted pulmonary delivery as high-performing dry powder inhalation 
aerosols is an exciting and growing area of research in pulmonary biomedicine. The 
aerodynamic properties of engineered particles and environmental particles are critical 
in lung deposition. Biodegradable and biocompatible “stealth” nanomaterials and lung 
surfactant biomimetic nanocarriers enable high aerosol dispersion performance and 
local targeting in the treatment of several lung diseases while enhancing spreading at 
the air-liquid interface in the lungs. A systematic approach is used and includes 
comprehensive solid-state physicochemical characterization, advanced spray drying 
particle engineering design of experiments (DOEs), controlled drug release studies, in 
vitro aerosol dispersion predictive modeling. 
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Filomicelles delay clearance in vivo, and deliver retinoids & chemotherapeutics in 
irreversible control of carcinoma cell fate 

Praful Nair2, prnair@seas.upenn.edu, Mohammed Reza Vakili3, Afsaneh Lavasanifar3, 
Dennis E. Discher1. (1) Biophysical Eng NanoBio Polymers Lab, Univ of Pennsylvania, 
Philadelphia, Pennsylvania, United States (2) University of Pennsylvania, Philadelphia, 
Pennsylvania, United States (3) University of Alberta, Edmonton, Alberta, Canada  

Conventional injection of semi-soluble drugs hit both healthy and tumor cells, causing 
side effects that limit dose. This approach might be broadened with better delivery, and 
herein, flexible ‘filomicelles’ demonstrate effective delivery of two very different 
hydrophobic compounds. Retinoic acid (RA) and other retinoids regulate RA receptor 
transcription factors that induce differentiation and arrest proliferation of many cell 
types. Paclitaxel, on the other hand, stabilizes microtubules and induces aneuploidy by 
blocking mitosis at the metaphase-anaphase transition, which greatly increases cell 
death. When cancer cells are treated with either of the drugs alone over several periods 
of the normal cell cycle, cancer cell populations revert back to the original proliferative 
state, consistent with relapse commonly seen after chemotherapy. Combining RA with 
select chemotherapeutics has produced durable cures of select cancers, notably pro-
myeloblastic leukemia (PML), where RA differentiates cells while chemotherapeutic kills 
the cancer stem cell. With carcinoma lines, we find dual treatment with RA plus 



Paclitaxel increases, aneuploidy, Lamin-A (a marker of differentiation) levels and cell 
death beyond those achieved by either drug single-handedly, with effects being durable. 
A month after treatment, relapse rates are low for RA-Paclitaxel treated cells (15%), 
compared to almost all (92%) for cells treated with Paclitaxel alone. Trends with the key 
cell cycle factor Cyclin-D1 and proliferation marker Ki-67 help clarify the basis for drug 
synergy. These effects are greatly enhanced by loading the drugs into filomicelles. Self-
assembled from degradable di-block copolymers of PEG-PBCL, the aromatic polymer 
improves performance over other conventional aliphatic ones due to better loading of 
aromatic chemotherapeutics (such as Paclitaxel) in its core. Crucially, the flexibility of 
these filomicelles permit them to circulate longer in vivo compared to other spherical 
nano-carriers. Preliminary tests in vivo demonstrate sustained delivery for days as well 
as efficacy in shrinking tumors. Free drug injections of RA-Paclitaxel combination are 
able to shrink tumors, a feat not achieved by free Paclitaxel alone. These results 
highlight the irreversible synergy of killing cancerous cells while driving differentiation. 
Flexible ‘filomicelles’ circulate longer and lead to better accumulation in the tumors, 
increasing the efficacy of delivery, and hence the treatment. 
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Injectable hydrogel beads for delivery of high concentration mAb formulations 

Paul D. Godfrin1, godfrin@mit.edu, Ramesh S. Kashi2, Patrick S. Doyle1. (1) 
Department of Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (2) Bioprocess Technology & Expression 
Group, Merck & Co., Inc., Kenilworth, New Jersey, United States  

Monoclonal antibody (mAb) based therapeutics are now the largest and fastest growing 
sector of the biopharmaceutical market. These products have shown excellent results in 
clinical settings as a result of the high binding specificity and minimal side effects of 
mAbs. However, our inability to predict protein-protein interactions poses a challenge to 
formulation efforts for these products. As an example, several recent studies have 
demonstrated that concentrated mAb formulations necessary for subcutaneous (SC) 
injection are plagued by high viscosities that are detrimental to this form of drug 
delivery. To mitigate these hindrances, we have developed a hydrogel delivery vehicle 
for the incorporation of mAbs at very high concentrations while maintaining formulations 
with low viscosity suitable for SC injection. Monoclonal antibody encapsulated beads 
are produced using a thermally responsive nanoemulsion that can be cross-linked by 
UV curing. The temperature dependence can be utilized to tune the internal structure of 
the hydrogel bead and subsequently, control the local concentration and release of 
mAb. Additionally, the concentrated local environment within the hydrogel matrix is 
expected to help stabilize the protein for long-term storage as well as retain its native 
structure and function upon release. 
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Mechanism of antibacterial properties of chitosan selenium nanoparticles 



Michelle Stolzoff, stolzoff.m@husky.neu.edu, Thomas J. Webster. Chemical 
Engineering, Northeastern University, Boston, Massachusetts, United States  

Selenium is a trace micronutrient element that is associated with antioxidant and 
metabolic mechanisms in the body. Selenium nanoparticles (SeNP) have been 
demonstrated to effectively reduce both gram-positive (e.g., S. aureus) and gram-
negative (e.g., P. aeruginosa) bacteria, while having a safe toxicity profile to healthy 
fibroblasts and osteoblasts. SeNP synthesized and coated with bovine serum albumin 
(BSA) have been previously been shown to be antibacterial in solution with S. aureus. 
While effective, these BSA-SeNP have somewhat limited customizability in surface 
chemistry and in on-the-shelf stability. Here, we incorporated a chitosan coating on 
SeNP to improve colloidal stabilization and to implement targeting possibilities. These 
new chitosan SeNP (Ch-SeNP; Figure 1) conserve the monodispersed size distribution 
of the BSA-SeNP and antibacterial efficacy. While it has been confirmed that both SeNP 
(plain and Ch-SeNP) are effective at reducing bacterial growth, we further strived to 
determine the mechanism of such action. Previous studies suggested that SeNP either 
generated reactive oxygen species, or interfered with thiol proteins in bacteria via thiol 
depletion. To test these possible mechanisms, we treated S. aureus with Ch-SeNP 
alone, in combination with a reactive oxygen species (ROS) generator (hydrogen 
peroxide) and an antioxidant thiol protein (glutathione). Results showed that a 
combination of Ch-SeNP with hydrogen peroxide increased the efficacies of both, while 
the introduction of glutathione removed these antibacterial effects, suggesting that Ch-
SeNP can inhibit the ROS-managing systems in bacteria. In summary, the present 
study introduces a new nanoparticle to treat a wide range of bacteria, Ch-SeNP, which 
deserves further investigation. 

 

 
 
(left) TEM of chitosan-coated SeNP. Scale bar = 100nm. (right) Growth curves of S. aureus over 
24 hrs exposed to varied concentrations (0.23μg/ml to 0.23 mg/ml) of Ch-SeNP with background 
absorbance from the nanoparticles subtracted for each condition. 
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Tumor targeted NIR mesoporous silica nanoparticles for in-vivo applications 

Saquib Ahmed M. Peerzade1, saquib.peerzade@tufts.edu, Shajesh Palantavida3, Igor 
Sokolov2. (1) Biomedical Engineering, Tufts University, Medford, Massachusetts, United 
States (2) Dept of Mech Eng, Biom, 204 Anderson Hl, Tufts University, Medford, 
Massachusetts, United States (3) Suite 2600, Tufts University, Medford, Massachusetts, 
United States  

Tumor targeted NIR fluorescence imaging is gaining prominence as an emerging 
modality in cancer diagnosis. Recent attempts to physically encapsulate dyes in 
surfactant templated mesoporous silica have resulted in particles with ultrabright 
fluorescence in visible regime. Herein, we extend this method to NIR dyes to obtain 
particles with NIR fluorescence for use in in vivo imaging. FDA approved NIR 
fluorescent dye - methylene blue was used to prepare the particles. We present two 
different approaches to improve the circulation time in-vivo and induce tumor targeting 
properties to these particles. In one approach a timed co-condensation of ormosils 
wielding polyethylene-glycol with tetraethylorthosilicate precursor was used to obtain the 
stealth capability. PEGylated particles showed higher stability in phosphate buffered 
saline (PBS) compared to the control Non-PEGylated nanoparticles. Nanoparticles were 
two orders of magnitude brighter than a single dye molecule in the NIR range of 625-
800nm. PEGylated mesoporous nanoparticles could be further attached with folic acid 
and tested in tumor mice model for tumor targeting. In a different approach Folic acid 
conjugated PF127 pluronic (PFFA) was assembled on to the native surface of 
preformed-unmodified particles to yield the properties. PFFA coated particles showed 
decreased zeta potential relative to particles with non-conjugated PF127 coating. This 
confirms the presence of negatively charged folic acid groups on the particle surface. 
The particles demonstrated high colloidal stability in phosphate buffered saline. Thus 
PFFA coated methylene blue encapsulated mesoporous silica nanoparticles will be 
tested for tumor targeting in tumor mice model. 
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Control of buckling dynamics in contact-free mixed colloidal droplet 

Binita Pathak, binitap@mecheng.iisc.ernet.in, Saptarshi Basu. Mechanical 
Engineering, Indian Institute of Science, Bangalore, Karnataka, India  

Buckling instabilities is a commonly observed phenomenon that ranges from many 
industrial applications (drying and coatings, food processing, pharmaceuticals) to 
biological systems (wrinkling of human skin and crumpling of leaves to the growth of 
viruses and microscopic cells). Dynamics of such buckling in micro-scale droplets is 
interesting to study as it controls morphology of the final structures. Evaporation of 
solvent and agglomeration of particles leads to formation of porous shell at the droplet 
surface (aqueous silica suspension, TM). It is to be noted that evaporation of solvent 
continues through the pores. The capillary pressure builds up at tiny menisci formed in 
the pores, which ultimately leads to buckling of the shell. Acoustic pressure field 



surrounding the droplet causes gradual flattening of the surface which acts as a pre-
requisite for the initiation of buckling. Introduction of mixed colloids (sodium dodecyl 
sulphate, SDS+TM) blocks the pores due to formation of SDS palates/slabs which 
reduces the rate of evaporation through the pores. Deposition of SDS palates also 
induces high rigidity to the shell which causes complete arrestation of buckling. 
Interestingly, heating of such SDS added droplets with laser prevents the global 
deposition of SDS (due to structural changes induced in SDS) which facilitates the 
formation of pores and re-initiates the phenomenon. Moreover, inclusion of anilinium 
hydrochloride (AHC) into the mixed suspension also causes buckling (irrespective of 
heating condition). Adsorption of anilinium ions on SDS prevents the formation of SDS 
palates which assists in the process of buckling in the shell. The dynamics of buckling is 
a complex function of the particles properties (which changes the shell properties), 
particle diffusion rate and the solvent evaporation rate and can be easily controlled by 
modulating the external heating conditions. 

 

 
 
Global buckling dynamics 
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Anisotropy alone does not suppress the coffee ring effect: Competition between 
capillary and viscous forces in evaporating colloidal drop 



Dong-Ook Kim, dk554@drexel.edu, Min Pack, Han Hu, Ying Sun. Mechanical 
Engineering and Mechanics, Drexel University, Philadelphia, Pennsylvania, United 
States  

Anisotropic particles (aspect ratio of 1.2) have been shown to suppress the famed 
coffee ring effect in millimetric colloidal droplets. For a micrometric colloidal suspension 
and single solvent ink, the present work demonstrates how the suppression of the 
coffee ring effect is not solely a function of particle anisotropy, but rather a competition 
between the propensity for particles to adjoin to one another via capillary interaction at 
the liquid vapor interface and the viscous force that prevents such contact to occur. In 
this study, the deposition of colloidal droplets containing micrometer-sized ellipsoidal 
particles on glass surface is determined for a variety of drop sizes (60 pL – 1 μL), 
particle concentration (0.1% - 1.0%) and particle aspect ratio (1.0 - 6.5). For particles on 
the drop surface, the capillary (Fc) and viscous (Fv) forces dominate, where the capillary 
force increases with increasing particle concentration and particle aspect ratio, and the 
viscous force (Fv) increases with decreasing drop size and increasing aspect ratio. 
When Fc/Fv > 1, the capillary force makes the particles to form a coherent network 
inhibiting advection, and the coffee ring effect is suppressed. When Fc/Fv < 1, the 
particles will move to the contact line. For such cases, two time scales are important: 
the time particle motion to the contact line under the net force of viscous and capillary 
interactions, tp, and the evaporation time of the residual drop volume, te. Their ratio, tp/te, 
determines whether the coffee-ring deposition will be formed (tp/te < 1) or suppressed 
(tp/te > 1). 
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Sol-gel chemistry of inverse opals 

Katherine Phillips2, kphillips@fas.harvard.edu, Joanna Aizenberg1. (1) Harvard 
University, Cambridge, Massachusetts, United States (2) Chemistry and Chemical 
Biology, Harvard University, Cambridge, Massachusetts, United States  

Controlling nano to microscale structuration enables one to alter a material’s optical, 
wetting, mechanical, and chemical properties. Structuration on this scale can be formed 
from spherical colloidal building blocks; in particular, colloids assemble into crystals that 
can be used to template an ordered, porous structure known as an inverse opal. The 
porosity and periodicity provide control over both light (photonic effects) and fluid flow 
(wetting effects). Controlling the composition allows chemical functionality to be added 
to the ordered, porous structure. Inverse opals are widely used in many applications 
that take advantage of these properties, including optical, wetting, sensing, catalytic, 
and electrode applications; however, high quality structures are necessary to maintain 
consistent properties. Many of their properties stem from the structure itself, so 
controlling inverse opals’ structure (including the local composition) provides the ability 
to control their properties, with the potential to improve some applications and 
potentially enable additional ones. 
 



Here, we explore how molecular precursors can be used to control colloidal assembly 
and therefore alter the optical and wetting properties of high quality inverse opals. Using 
a bio-inspired approach, highly ordered, crack-free, silica inverse opals can be grown by 
co-assembling the colloidal template with a sol-gel precursor using evaporation-induced 
self-assembly. Using sol-gel chemistry, the size, shape, and charge of the precursor 
can be controlled, which can be used to tune the colloidal assembly process. Thus, we 
use the sol-gel chemistry of the precursors to control both the morphology and 
composition of these photonic structures. 
 
In particular, temperature-induced condensation of the silica sol-gel matrix alters the 
shape of an inverse opal’s pores, and silica and titania precursors can be mixed to 
make hybrid oxide structures. Additionally, we designed titania precursors that enable 
the fabrication of crack-free inverse opals in materials beyond silica. By controlling the 
structure and composition with sol-gel chemistry, we can tailor both the optical and 
wetting properties; these properties have important effects for the various applications. 
In this way, sol-gel chemistry can be used to assemble inverse opals with complex 
functionality. 
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Marangoni flow in colloidal self-assembly and deposition 

Kedar Joshi, Kpjoshi.uct@gmail.com, James F. Gilchrist. Chemical and Biomolecular 
Engineering, Lehigh University, Bethlehem, Pennsylvania, United States  

Effect of evaporation rate and addition of surfactant on drying droplets has been well-
studied. Leveraging these insights, we have analyzed the effective drying length and the 
effect of surfactant in convective deposition where particles are deposited due to an 
advancing thin film where flow is driven by evaporation. Following the work done by Y. 
Jung et al. we have derived the analytical expression for drying length in convective 
deposition for more general geometry, treating system as Darcy flow. This analysis 
allows prediction of coating thickness over a wider range of velocities. By digital 
microscopy we have experimentally validated our expression for drying length. 
Alternatively, the addition of surfactant can significantly alter the mode of deposition to 
be nearly independent of evaporation rate and deposition velocity. At lower surfactant 
concentrations, added surfactant had no effects on assembly as is seen in evaporating 
droplets. At moderate surfactant concentrations we observed an adverse effect during 
the particle deposition that results in the formation of streaks. Alternatively, at higher 
surfactant concentrations above the critical micelle concentration, Marangoni stresses 
due to the concentration gradient of surfactant along the thin film becomes the main 
driving force for flow within the thin film. These Marangoni flows, which can be much 
stronger than those driven by evaporation, may be tailored to produce desired particle 
depositions over wide range of velocity. 
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Buckling dynamics in evaporating nanoparticles laden droplets on various 
hydrophobic heated substrates 

Lalit Bansal, bslalit@mecheng.iisc.ernet.in, Saptarshi Basu. Mechanical Engineering, 
Indian Institute of Science, Bangalore, Karnataka, India  

Buckling instability is crucial in many applications ranging from DNA microarrays to 
surface patterning to food processing. Drying of colloidal droplets leads to the formation 
of porous crust of nanoparticles which mimics a thin elastic-shell that buckles under 
capillary pressure. Here, we report the spatio-temporal evolution of this buckling in a 
drying nanosuspension droplet and show that by varying particle concentration, 
substrate properties and droplet gasification the buckling pathway and the post-buckled 
volume can be altered. We provide a regime map for buckling characteristics on various 
substrates of different hydrophobicity. 
 
The buckling front kinetics is studied for 3µl droplets of stabilized, aqueous nanosilica 
dispersion (d=22±2 nm) which are dispensed on various hydrophobic substrates (θ ~ 
90° - 160o). This is done at nanoparticle loading rates ranging from 0.001 to 40 wt% with 
substrate heating at five different temperatures: 25°C, 30°C, 45°C, 55°C and 65°C. 
 
The invagination process proceeds in two distinct stages (Fig 1). First, the top-sector 
around the droplet apex buckles (buckling locations increase with increase in substrate 
temperature) due to capillary pressure to form a primary cavity. Second, this cavity 
ruptures (forming a daughter cavity) and grows inside the droplet to form a volcano-type 
final precipitate. In general, irrespective of the heating rate, the time delay to buckling 
onset reduces by ~50% with an increase in concentration from 20 to 40 wt.% while the 
cavity growth rate and final cavity volume increase with substrate temperature, thereby 
resulting in thinner precipitates leading to multiple buckling locations. We also show that 
irrespective of substrate temperature, substrate properties and initial concentration, 
growth of daughter cavity is controlled by evaporation of solvent from the droplet 
surface. 

 



 
 
Dynamic buckling process showing a two stage cavity growth process. 
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Fabrication of tunable periodic defects in convectively assembled colloidal 
crystals through stress relaxation 

Midhun Joy, mij211@lehigh.edu, Mark A. Snyder, James F. Gilchrist. Department of 
Chemical and Biomolecular Engineering, Lehigh University, Bethlehem, Pennsylvania, 
United States  

Techniques aimed at scalable realization of periodic structures from self-assembly of 
constituent building blocks, an approach that could supplant microfabrication 
procedures, are often constrained by the lack of diversity in packing arrangements 
achievable with assembly of simple constituents (e.g., spherical particles). In this work, 
we present a strategy to effectively pattern colloidal crystalline assemblies at two 
characteristic scales; achieving extensive non-classical particle packing amidst fully 
periodic, banded structural defects. We first introduce a scalable and robust approach to 
fabricate non-hexagonal crystals comprised of mono-sized spherical particles through 
introduction of periodically oscillating flow-fields during convective particle deposition. 
This technique results in the generation of domains of square-packed particles (i.e., fcc 
(100) symmetry oriented parallel to the substrate) comprised of assemblies of several 
million particles extending over millimeter scales. We then explore the introduction of 
volume defects in the uniformly-packed particle assemblies. Here, unlike randomly 
generated defects in packing structures, we demonstrate the formation of continuous, 



periodic banded defects comprised of particles with an fcc (110) packing configuration, 
and with tunable band periodicity. We establish the robustness and reproducibility of 
these results to changes in particle, substrate and deposition conditions. Studies aimed 
at discerning the specific effects of vibration conditions and meniscus properties help 
establish a mechanistic picture of the formation of fcc (100) packing and fcc (110) 
banded structures based, respectively, on nucleation/growth and stress relaxation. 
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Mesoscale nanoparticle assemblies from dynamic capillary bridge 

Satyan Choudhary2, schoudhary@umass.edu, Alfred Crosby1. (1) Dept of Polymer SCI 
and Eng, Amherst, Massachusetts, United States (2) Polymer Science and engineering, 
UMass Amherst, Amherst, Massachusetts, United States  

Convective self-assembly techniques based on the coffee-ring effect allow for the 
fabrication of materials with structural hierarchy and multi-functionality across a wide 
range of length scales. The coffee-ring effect describes assembly of non-volatiles at the 
edge of droplet due to capillary flow and pattern formations due to pinning and de-
pinning of the meniscus with solvent evaporation. We demonstrate a novel convective 
self-assembly method which uses a piezo-actuated bending motion to drive solute 
assembly and the de-pinning step. In this method, a dilute solution of nanoparticles or 
polymers is trapped by capillary forces between a blade and substrate. As the blade 
undergoes oscillatory bending motion with a fixed frequency and amplitude, the capillary 
meniscus profile also oscillates. The advancing and subsequent receding motion of the 
meniscus dictates pinning and de-pinning of the three phase contact line. The 
combination of convective flux and a dynamic meniscus profile drives the assembly of 
solute and de-pinning, providing a direct means for producing well-defined particle 
assemblies. We present experimental data that relates the frequency and amplitude of 
the oscillating blade to the cross-sectional dimensions of the particle assemblies. These 
relations are not only important for fabricating tailored particle assemblies but also 
provide insight into the convective flow of particles during the assembly process. 

 



 
 
Schematic illustration of the bending actuator based convective self-assembly method 
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Keynote Lecture: Simulation of frictional and adhesive forces in colloidal 
dispersions: Yielding, thickening, jamming 

Jeffrey Morris, morris@ccny.cuny.edu. Levich Institute, City College of New York, New 
York, New York, United States  

In recent work, we have shown [1,2] that frictional interactions provide a rational basis 
for both continuous and discontinuous shear thickening (DST) in viscous suspensions. 
When the repulsive forces associated with repulsive forces (such as those due to 
electrostatic or steric colloidal stabilization) are overwhelmed by shearing forces, 
contact is assumed to occur, and the system transitions from a low-viscosity (lubricated) 
to a high-viscosity (frictional) state; the transition is found to correspond to an abrupt 
change in the contact network in the case of DST. Here we will briefly review our prior 
work in this area, with comparison to experiments. Contacting particles may experience 
both adhesive forces as well as friction. We will consider new developments describing 
the influence of attractive forces at contact, in combination with the stabilizing repulsive 
forces. This combination of forces would be seen in the case of particles with van der 
Waals attraction in combination with colloidal stabilization. For sufficient attractive force 
a yield stress and shear thinning give way to the shear thickening response, a behavior 
observed in certain flocculated dispersions. At sufficient yield stress, the shear 
thickening is completely obscured, as the dispersions shear thins after yielding directly 
onto the high-viscosity (frictional) plateau. The previously noted potential for a material 
to exhibit both yielding at low stress and jamming at large stress [3] will be explored. 
1. R. Seto, R. Mari, J. F. Morris & M. M. Denn 2013 Discontinuous shear thickening of 
frictional hard-sphere suspensions. Phys. Rev. Lett. 111, 218301. 
2. . R. Mari, R. Seto, J. F. Morris & M. M. Denn 2015 Discontinuous shear thickening in 
Brownian suspensions by dynamic simulation. Proc. National Acad. Sci. 112. 15326. 



3. N. J. Wagner & J. F. Brady 2009 Shear thickening in colloidal dispersions. Phys. 
Today 62, 27-32. 
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A rheological signature of frictional interactions in shear thickening suspensions 

John R. Royer2, jroyer@gmail.com, Daniel L. Blair1, Steven D. Hudson3. (1) 
Georgetown Univ, Washington, District of Columbia, United States (2) Materials 
Science and Engineering Division, NIST, Gaithersburg, Maryland, United States (3) 
Polymers Complex Fluids Group, NIST, Gaithersburg, Maryland, United States  

Colloidal shear thickening presents a significant challenge because the macroscopic 
rheology becomes increasingly controlled by the microscopic details of short ranged 
particle interactions in the shear thickening regime. Our measurements here of the first 
normal stress difference over a wide range of particle volume fraction elucidate the 
relative contributions from hydrodynamic lubrication and frictional contact forces, which 
have been debated. At moderate volume fractions we find N1<0, consistent with 
hydrodynamic models, however at higher volume fractions and shear stresses these 
models break down and we instead observe dilation (N1>0), indicating frictional contact 
networks. Remarkably, there is no signature of this transition in the viscosity, instead 
this change in the sign of N1 occurs while the shear thickening remains continuous. 
These results suggest a scenario where shear thickening is driven primarily by the 
formation of frictional contacts, with hydrodynamic forces playing a supporting role at 
lower concentrations. Motivated by this picture, we introduce a simple model which 
combines these frictional and hydrodynamic contributions and accurately fits the 
measured viscosity over a wide range of particle volume fraction and shear stress.  
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Continuous shear thickening using boundary stress microscopy 

Vikram Rathee, vi21@georgetown.edu, Daniel L. Blair, Jeffery S. Urbach. Physics, 
Georgetown University, Washington DC, District of Columbia, United States  

The microscopic picture of particle chain formation in continuous shear thickening 
suspensions remains unclear. In order to identify the role of localized stresses arising 
from particle chains we have applied the technique of Boundary Stress Microscopy to 
shear thickening suspension. By imaging deformations of an elastic boundary of the 
sheared suspension, we observe the appearance of localized forces on elastic 
substrate above critical stress value. These forces possibly arise from particles forming 
local network due to frictional contacts under shear. 
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High frequency rheology of partially dispersed colloidal dispersions 

Bram Schroyen1,2, bram.schroyen@cit.kuleuven.be, Peter Van Puyvelde1, Jan 
Vermant2. (1) Department of Chemical Engineering, SMaRT, KU Leuven, Heppen, 
Belgium (2) Department of Materials, Soft Materials, ETH, Zürich, Switzerland  

Nanoparticle based materials have substantial potential due to novel functionalities 
associated with the nanoscale. However, to express this functionality the particles need 
to be well dispersed. The actual morphology of nanodispersions is much more complex 
than often realized: even well-dispersed nanoparticles eventually aggregate in the 
formation of clusters. Typical methods for dispersion analysis such as electron 
microscopy or scattering methods only study the local microstructure and often provide 
data that are non-trivial to analyze. In some cases, classical rheological measurements 
can be used quantitatively to offer an integrated picture of the state of dispersion. To 
extend the applicability of these techniques high-frequency dynamic measurements are 
needed to determine the degree of dispersion. The aim of this research is the 
development of a general framework to assess dispersion quality. A home-built piezo-
rheometer is developed to extend the dynamic frequency range of classical rheological 
measurements. As such, both conventional and high-frequency measurements are 
combined with optical methods such as confocal microscopy to offer an integrated view 
of the quality of a dispersion. 

 



 
 
Rheology of partially dispersed colloidal particles (relative loss modulus) compared with 
confocal imaging 
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Design, synthesis, and characterization of mixed ionic/electronic conducting 
surface layers adsorbed on metal oxide particle 

Jeffrey Richards1, jrichar7@u.washington.edu, Norman J. Wagner2, Paul Butler1. (1) 
NCNR, National Institute of Standards and Technology, Silver Spring, Maryland, United 
States (2) Dept of Chemical Engineering, University of Delaware, Newark, Delaware, 
United States  

Inexpensive grid-scale storage remains a major hurdle slowing the wide-scale adoption 
of renewable energy by public power utilities. Flow batteries have been proposed as 
one viable solution. Whereas, the capacity of a traditional battery is limited by its 
packaging, flow batteries pump redox active fluids from external storage tanks through a 
flow cell where electrical energy is extracted or stored via reversible redox reactions. In 
this way, the capacity of the battery becomes scalable independent of the specific redox 
chemistry and battery geometry. Semi-Solid flow batteries (SSFBs) use “flowable 
electrodes” for both the anode and cathode materials that consist of a mixture of 
lithiated metal oxide particles and carbon black particles. Carbon black is added to 
these dispersions to improve the utilization of lithium as the particles flow by the 
electrodes. Unfortunately, the presence of this percolated carbon black network leads to 
significant increases in viscosity, both at low and high shear rates. In this work, we 
outline the synthesis of a composite polyelectrolyte/conjugated polymer adsorbed 



surface layer on cationic silica particles. This layer is formed through the adsorption of 
poly(styrene sulfonate) onto oppositely charged metal oxide particles and subsequent 
polymerization of the surface polyelectrolyte with 3,4-ethylenedioxithiophene (EDOT) 
monomer. The PEDOT:PSS layer is characterized as a function of EDOT:SO4-2 loading 
using a combination of light scattering, neutron scattering and dielectric spectroscopy to 
understand the connection between the surface layer’s composition, nanostructure and 
electrical properties. 
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Equilibrium structures and dynamics of cadmium sulfide nanoparticles in 
polymeric matrices 

Woo-Sik Jang2, jangw428@gmail.com, Peter Koo3, Kyle Bryson4, Suresh Narayanan5, 
Alec Sandy6, Thomas P. Russell1, Simon Mochrie7. (1) Univ of Massachusetts, 
Amherst, Massachusetts, United States (2) Physics, Yale University, New Haven, 
Connecticut, United States (4) Polymer Science and Engineering, University of 
Massachusetts, Amherst, Massachusetts, United States (5) Advanced Photon Source, 
Argonne National Laboratory, Argonne, Illinois, United States  

We present a detailed study of the equilibrium structures and dynamics of cadmium 
sulfide nanoparticles suspended in polystyrene homopolymer and poly(styrene-b-
isoprene) diblock copolymer matrices using surface force microscopy, transmission 
electron microscopy, synchrotron source small-angle x-ray scattering, and x-ray photon 
correlation spectroscopy. For low molecular weight polystyrene homopolymers, the 
observed dynamics show a crossover from diffusive to hyper-diffusive behavior with 
decreasing temperatures. On the other hand, within the diblock copolymer matrices, the 
measured characteristic relaxation time reveals that the observed dynamics are hyper-
diffusive. The characteristic velocity and corresponding activation energy, which are 
hallmarks of a hyper-diffusive system, are determined from the relationship between the 
characteristic relaxation time and the wavevector. 
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Enhancement of wet adhesion during peeling of soft materials 

Joelle Frechette, jfrechette@jhu.edu, Charles Dhong. Johns Hopkins University, 
Baltimore, Maryland, United States  

Using a custom-built apparatus we investigate the interplay between surface structure, 
elasticity, and dwell time on the peeling force between two surfaces in a viscous fluid.[1] 
We create films with equivalent bending rigidity but different elasticity to highlight and 
characterize the relationship between the shape of the peeling front and the work of 
separation. We also highlight the contribution of surface deformation[2] and compare 
our results to a model based on hydrodynamics and bending beam. Finally we 
determine the surface, mechanical, and fluid properties that are necessary for surface 



structures to enhance adhesion. In particular we highlight the importance of van der 
Waals forces and viscoelasticity. We show that in absence of these two effects the 
presence of surface structure does not lead to enhancement in adhesion (and in many 
cases reduces the adhesion), even with highly compliant surfaces. 
 
[1] C. Dhong and J. Fréchette, Soft matter 11, 1901 (2015). 
[2] Y. Wang, C. Dhong, and J. Frechette, Physical review letters 115, 248302 (2015). 

CSSS 579 

Interfacial instabilities induced by copolymers during coextrusion 

Stéphanie Vuong2, Nathalie Chedozeau1, Jean Guilment1, Clio Coquet1, Liliane Leger2, 
Frederic Restagno2, frederic.restagno@u-psud.fr. (1) Cerdato, Arkema, Serquigny, 
France (2) Laboratoire de physique des solides, Université Paris-Sud/CNRS, France, 
France  

Coextruded polymer films are of high interest in terms of end-use properties. Indeed, 
the coextrusion process allows to get a film of several layers made of different polymers 
allowing the final material to have various and specific properties (optical, mechanical 
resistance, barrier to gas or water…) . Such multilayer films are largely used in food 
packaging, for example. However, due to the different polarity of polymers, most of 
them are incompatible avoiding adhesion between the layers. In reacting coextrusion, a 
thin layer called tie-layer is added. This layer contain a modified polymer which creates 
an interfacial copolymer formed in situ by a chemical grafting reaction at the interface 
Copolymers allow the two adjacent polymers to sustain stress, creating by this way a 
real multimaterial. 
 
This study aim at developing a molecular understanding of the influence of interfacial 
grafting mechanisms on the development of coextrusion instabilities leading to optical 
defaults. 
 
In a first part of this presentation, we will present some correlations between the optical 
defaults of the coextruded films and the tie layer formulation. 
 
In a second part, we will propose a new method to titrate grafted copolymers density 
directly on coextruded films by a simple and affordable method. We shall show that a 
FTIR-based method allows to quantify the quantity of copolymer created during the 
coextrusion. More precisely, in the case of PP/EVOH films, we will show that a total 
esterification of the -OH groups of the EVOH polymer allows a precise characterization 
of the grafting density, which would not have been possible by XPS. A direct relation 
between the grafting density of copolymer and interfacial instabilities will be evidenced. 
 
Finally, we will show that our FTIR technique open the route to study the kinetic of 
grafted directly on coextruded films. 



 
This work benefited from an ANR MATETPRO program grant “ASPECT”. 
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Effect of surface properties of the uv laser irradiated nylon cords on adhesion 

Satilmis Basan1, sbhb52@gmail.com, Erol Sancaktar2. (1) Chemical Engineering, Hitit 
University, Corum, Corum, Turkey (2) Polymer Engineering-0301, University of Akron, 
Akron, Ohio, United States  

In tyre industry, cords which are made of steel, nylon or polyester are one of the most 
important additives. The adhesion strength between these cords and the rubber which 
is the main component of tyres is related with the surface properties of the cords. 
Adhesion property is affected by the shagginess of the cord surface. In this study, nylon 
cords which are the most important additives, are irradiated with UV Laser with different 
pulses and fluences and became shaggy with the effect of laser beam on the surface. 
The presence of the shagginess was examined via interference reflection microscopy 
(IRM) and then, adhesion properties of the natural rubber tyre after adding UV Laser 
beamed nylon cords was observed via measuring their tensile strengths. Maximum 
elongation load, stress at break, elongation at break, change of modulus properties with 
pulse and fluence are examined. The results showed that the load, stress, elongation 



and tension at break point is increased up to 300 pulse, and then decreased. Also 
modulus decreased up to 300 pulse and then increased. 
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Adsorption dynamics of graphene oxide on charged self-assembled monolayers 

Mustafa Akbulut, makbulut@tamu.edu, I-Cheng Chen, Ming Zhang. Texas A&M 
University, College Station, Texas, United States  

Numerous applications of graphene oxide (GO) thin films have emerged after the 
discovery of their intriguing electrical, mechanical, and thermal properties. Function and 
performance of such GO films tend to depend on their homogeneity, morphology, and 
nanostructure, which are influenced by their deposition kinetics. This work investigates 
the kinetics of GO deposition on substrates of systematically varying surface potentials 
via systematic quartz crystal microbalance with dissipation and atomic force microscopy 
techniques. While the substrates with a positive surface potential yielded high 
deposition rates but wrinkled GO films, the substrates with a negative surface potential 
lead to low deposition rates but smooth GO films. For the repulsive interactions, the 
deposition rate was found to roughly exponentially decay with the product of surface 
potentials of GO and the substrate. Also, building upon the Gouy-Chapman theory and 
the additivity of van der Waals interactions, expressions for electrostatic double-layer 
and van der Waals interactions between a nanoplatelet (e.g. GO) and a planar wall 
under parallel, perpendicular, and inclined configurations were derived to explain the 
observed deposition trends. We anticipate that these findings will provide useful 
guidelines for manipulating and controlling the aqueous deposition of GO and structural 
properties of resultant GO films. 
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Uniform cracks in nanoparticle films deposited by convective assembly 

Alexander L. Weldon1, Kedar Joshi1, Alexander F. Routh2, James F. Gilchrist1, 
gilchrist@lehigh.edu. (1) Chemical and Biomolecular Engineering, Lehigh University, 
Bethlehem, Pennsylvania, United States (2) Dept of Chemical Engineering, University of 
Cambridge, Cambridge, United Kingdom  

Rapid convective deposition is used to assemble nanoparticle coatings from 
suspension, with controllable thickness. Varying film thickness generates drying stress-
induced cracking with highly monodisperse spacing. Film thickness is controlled through 
mechanical means, suspension volume fraction, and the use of applied thermal 
gradients. These cracks extend in the deposition direction, and a uniform crack spacing 
from 2-160 µm is observed. The nanoparticle film thickness is the relevant length scale 
for hydrodynamic flow, and films will crack with this spacing, in a characteristic manner 
to minimize the system energy and capillary stresses. As expected from this energy 



minimization problem and relevant theory, the correlation between coating thickness 
and crack spacing is highly linear. 
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Exemplifying the effect of spreading coefficients on the morphology of 
microcapsules obtained from a solvent extraction synthesis method 

Ling He1, edu4l5h@leeds.ac.uk, Alison Tasker2, Olivier Cayre1, Simon Biggs2. (1) 
School of Chemical and Process Engineering, University of Leeds, Leeds, United 
Kingdom (2) Faculty of Engineering, Architecture and Information Technology, 
University of Queensland, St Lucia, Queensland, Australia  

Microcapsule with liquid core is of interest cross many fields. A routinely used method 
for producing microcapsule with polymer shell around an oil droplet is solvent extraction. 
It is common to obtain microcapsules of different morphologies when using this process, 
as depicted in Figure 1. 
In this study, we have produced oil core / polymer shell microcapsules via the solvent 
extraction method, where poly(methyl methacrylate) (PMMA) is initially dissolved in 
good solvent dichloromethane (DCM) and then mixed with fragrance oil. Following 
emulsification of the polymer solvent mixture with an aqueous solution containing the 
surfactant, a stable emulsion is obtained. As a result of subsequent extraction and 
evaporation of DCM from the emulsion droplets, PMMA precipitates at the oil/water 
interface and forms the polymer shell of the microcapsule with fragrance oil as core. 
We have successfully predicted the resulting microcapsule morphologies using 
spreading coefficients calculated from the interfacial tensions between the three 
different phases, i.e. water, oil and polymer. We found that oils with lower logP tend to 
form core-shell structure while those with higher logP tend to form acorn shape. Effect 
of chain length and the numbers of chain of cationic surfactant has also been 
investigated. We found an increase in the surfactant chain length, resulting in a 
reduction in interfacial tension between the polymer and aqueous phases. 
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Contributions to the uncertainty budget of the Hamaker constant as determined 
from theoretical force-distance curves 

Jeffrey J. Weimer1,2, Jeffrey.Weimer@UAH.edu. (1) Chemistry Department, University 
of Alabama Huntsville, Huntsville, Alabama, United States (2) Chemical & Materials 
Engineering, University of Alabama in Huntsville, Huntsville, Alabama, United States  

This talk presents a systematic development of factors that contribute to the confidence 
on the value of the Hamaker constant A in its role to defined forces in colloidal systems. 
The model geometry for theoretical analysis is a colloidal sphere of radius Rs 
approaching from a distance z above flat surface plate. The governing equation for 
force F(z) includes specific terms for van der Waals attractive FvdW(z) and Born 
repulsive FBr(z) forces as well as general terms for other forces Fk(z). 
 
The starting point summarizes the principles of uncertainty analysis and propagation to 
apply. A general expression is then derived for (ΔrA)2, the overall relative uncertainty 
(variance) on A. The expression has three groups of factors. The first is the relative 
uncertainties ΔrXj on system parameters Xj. They include relative measurement 
uncertainties δrm,j (NIST Type A) and relative calibration uncertainties δrc, j (NIST Type 
B). The second group are sensitivity factors Sk, j for any Fk. They are partial derivatives 
of the equations for Fk with regard to system parameter Xj, and they scale the response 



of the overall uncertainty budget expression to each ΔrXj. The third group is a set of 
weighting parameters fk. They scale the relative contribution of each Fk force term in the 
overall uncertainty budget. 
 
Case studies are taken to resolve the effects when data are measured or fit with or 
without cerain force terms. Detailed analysis continues with a review of the contributions 
to (ΔrA)2 from relative uncertainties (ΔrXj)2 on parameters such as Rs, z, the uncertainty 
in measuring the force experimentally ΔrFm, and additional fitting constants used in the 
theoretical model, such as the dispersion wavelength λc. Comparisons are also made of 
what may be expected in the results from the choice to use unretarded van der Waals 
forces FvdW(Rs,z) or retarded van der Waals forces FvdW(Rs,λc,a1...aN,z) in their various 
forms as well as to use different expression for FBr(z). Recommendations are made in a 
summary on how experimental and theoretical practices might be improved to lower the 
uncertainty when modeling or fitting data to determine values for A. 
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Unjamming and spreading of a cellular aggregate as a model of breast cancer 
migration 

Karin Wang, kwang@hsph.harvard.edu, Jeffrey J. Fredberg. T.H. Chan School of 
Public Health, Harvard University, Boston, Massachusetts, United States  

Traditional understanding holds that metastasis begins as tumor cells undergo 
epithelial-to-mesenchymal transition (EMT) to migrate and escape. Recent studies 
suggest that EMT is not necessary for metastasis, however. Tumor cells may retain 
their epithelial phenotype to migrate collectively during metastasis. But if EMT is not the 
crucial permissive step, what is? 
 
Our group recently discovered cellular jamming; a process by which an epithelial layer 
is dormant, non-migratory, and solid-like, corresponding to the jammed state, but in 
other circumstances becomes active, migratory, and fluid-like, corresponding to the 
unjammed state. But do breast cancer cells unjam before they can collectively migrate 
and metastasize? Spheroidal aggregates of MCF10A and MDA-MB-231 cells, modeling 
normal and malignant breast epithelium, respectively, were used to investigate cell 
jamming, cell-matrix adhesion, and associated traction forces. 
 
Compared with MCF10A spheroids, MDA-MB-231 spheroids permeated more rapidly 
onto gels (Fig 1A), generated largely localized traction forces (Fig 1B), and spread more 
rapidly (Figure 2AB). These results suggest MDA-MB-231 cells are more susceptible to 
unjamming and collective migration. This work will provide a new framework by which to 
explain collective cellular behavior of normal and malignant breast epithelium. 

 



 
 
Figure 1. Aggregate spreading with corresponding traction forces 

 
 
Figure 2. Aggregate speed maps and spreading area over time 
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Porous polymer surfaces exhibiting low friction 

Noshir Pesika, npesika@tulane.edu. Tulane University, New Orleans, Louisiana, 
United States  

Lubricants are typically used to reduce friction forces between shearing surfaces. In this 
study, we show how it is possible to lower friction by using textured porous surfaces. 
Surface texturing of compliant polymer surfaces allows one to achieve hydrodynamic 
lubrication even at relatively low shearing velocities. We hypothesize that upon loading, 
pressurized liquid in the pores extrude thereby creating a thin film of fluid, which 
separates the shearing surfaces. Results are presented to demonstrate the effect of 
various parameters including applied load, shear velocity, and different materials to gain 
a better insight into the novel lubrication mechanism. A potential application of such 
surfaces is as a cartilage mimic in total joint replacement devices. 
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Role of surface roughness for colloidal interactions in aqueous media 

Joanna Tsao, jtsao6@gatech.edu, Sven H. Behrens. Chemical and Biomolecular 
Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States  

Inter-particle forces governing the optical and rheological properties of colloidal 
dispersions and their aggregation kinetics, affect many natural phenomena and 
industrial processes. Current theories used to describe colloidal interactions commonly 
neglect surface non-idealities such as the ubiquitous natural roughness of solid 
surfaces. Some attempts have been made to account for roughness effects, but no 
general consensus on the most appropriate description has yet been reached. 
Understanding roughness effects has not just been a modeling challenge: 
experimentally isolating the effects of surface topography has also been traditionally 
difficult. 
Recently, we have developed a method to generate particles and macroscopic surfaces 
with variable surface roughness but identical surface chemistry. Using total internal 
reflection microscopy (TIRM), an experimental technique capable of measuring colloidal 
forces with femtonewton resolution, we are able to experimentally assess roughness 
effects on colloidal interactions. Experimental results will be compared to semi-empirical 
equations describing attractive and repulsive components of DLVO theory. We hope 
that the experimental data collected here will also serve as a test bed for future theories 
on surface roughness effects. 
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Adhesion, friction and lubrication of nano- and micro-structured surface coatings 



Lucie Giraud2, lucie.giraud@umontreal.ca, Suzanne Giasson1. (1) Univ De Montreal Ja 
Bombardier, Montreal, Quebec, Canada (2) Faculty of Pharmacy, University of 
Montreal, Montreal, Quebec, Canada  

Self-lubricating surfaces are highly in demand for biomedical applications that require 
friction and wear control. However, the role of surface structure and elasticity on surface 
properties remains highly contentious because of the lack of consistent control of these 
parameters. 
We investigated the effect of both parameters (structure and elasticity) on adhesion and 
friction properties using soft and hard nano- and micro-particles attached on silica-
based substrates. The adhesion and friction forces as function of applied load between 
two identically structured surfaces in aqueous media were determined using the Surface 
Forces Apparatus (SFA) 
Our results show that all structured surfaces exhibit friction coefficient similar or even 
lower than that measured on smooth coated surfaces under significantly higher applied 
loads. The lowest friction coefficient was measured between hard structured surfaces. 
This most probably arises from the effect of asperities on reducing the real contact area 
which is most evidenced with non-deformable hard structures. In addition, the elastic 
contribution to friction for hard structures is negligible resulting in constant dissipation 
energy between the surfaces leading to very low friction coefficient (10-3<µ<10-2). The 
friction coefficient measured with the nanoparticles was larger than that between 
micron- sized ones. Adhesion was observed only for the first compression of the 
surfaces during which irreversible rearrangements of hard particles occurred. 
Subsequent compressions and surface separations were reproducible and purely 
repulsive. The friction behaviour of the soft patterned surfaces was quite different than 
that of hard structured ones mainly because the soft polymeric structures provide elastic 
effects that can be tuned via changes in environmental conditions (pH, ionic strength). 
Increasing pH of the aqueous media gave rise to a swelling of the immobilized soft 
particles due to an increase in the degree of ionization of the polymer. The friction 
coefficient decreased with increasing the pH and swelling (µ varying from 1 to 10-2 for 
pH 4 to 10). No adhesion was measured between the highly charged and swollen soft 
structured surfaces. 
The variety of surface interactions arising from such structured surfaces is promising for 
the development of new coatings for surfaces immersed in water and subjected to high 
loads and shear rates, such as those of artificial implants where friction and wear should 
be minimized. 
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Influence of humidity on Gecko-inspired adhesives 

Nicholas Cadirov, ncadirov@umail.ucsb.edu, Jacob N. Israelachvili. Dept of Chem 
Eng, University of California, Santa Barbara, California, United States  

Geckos have developed foot pads that allow them to maintain their supreme climbing 
ability despite vast differences in environment, from dry desert to humid rainforest. 



Successful gecko-inspired mimics should exhibit necessary adhesive and frictional 
performance across a similarly diverse range of climates. In this work we focus on the 
effect of relative humidity (RH) on the frictional adhesion behavior of gecko-inspired 
adhesive pads. A surface forces apparatus (SFA) was used to quantitatively measure 
adhesive and frictional forces of an anisotropic (tilted half-cylinder) microfibrillar 
polydimethylsiloxane (PDMS) surface against a smooth hemispherical glass disk at 
varying levels of relative humidity from 0-100% (fully submerged underwater). The 
results are also compared with a flat PDMS control. Changes in the relative 
contributions of van der Waals and capillary forces with shearing direction and relative 
humidity have significant implications for frictional adhesion and ‘reversibility’. These 
results can be extended to formulate design principles for reversible adhesive platforms 
in humid environments. 
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Nanotribology of a catechol-functionalized alkane with terminal chain branching 

Marina Ruths1, marina_ruths@uml.edu, Karin Persson2. (1) Dept of Chemistry, Univ of 
Massachusetts Lowell, Lowell, Massachusetts, United States (2) Chemistry, Materials 
and Surfaces, SP Technical Research Institute of Sweden, Stockholm, Sweden  

A bio-inspired system was studied where the terminal chain branching found in fatty 
acids naturally present on hair and wool was combined with a catechol group as the 
hydrophilic moiety to mimic the adhesion strategies found in mussel proteins. Atomic 
force microscopy (AFM) was used to study the adhesion and nanoscopic friction of 
monolayers of a catechol-functionalized branched alkane, 4-[(18S)-18-
methyleicosyl]benzene-1,2-diol, formed by Langmuir-Blodgett deposition on silicon 
oxide, mica, and polydimethylsiloxane (PDMS) substrates. Measurements were done in 
ambient air and in dry N2 gas. In dry N2, the friction of these monolayers was low and 
the adhesion was well described by van der Waals interactions. In ambient air, the 
adhesion and friction showed a stronger hysteresis and different friction responses at 
low and high loads. The results will be discussed in view of possible bonding to the 
substrate and lateral cross-linking in the monolayer. 
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Nanoscale friction of uniaxially stretched polymer films 

Xin Xu4,3, xin_xu@student.uml.edu, Emmanuelle Reynaud2, Daniel F. Schmidt1, Marina 
Ruths3. (1) Plastics Engineering, U. Mass. Lowell, Lowell, Massachusetts, United States 
(2) Univ of Massachusetts Lowell, Lowell, Massachusetts, United States (3) Dept of 
Chemistry, Univ of Massachusetts Lowell, Lowell, Massachusetts, United States (4) 
Chemistry, University of Massachusetts Lowell, Lowell, Massachusetts, United States  

The surface structure, mechanical properties, and alignment capabilities of oriented 
polymer substrates are of interest for nanomanufacturing and device applications. We 



have used atomic force microscopy (AFM) and the surface force apparatus (SFA) to 
study the effects of uniaxial stretching on chain orientation and nanoscale tribology of 
glassy polymer substrates. Examples will be shown of the different friction responses of 
semi-crystalline and amorphous polymers along and across the stretching direction, and 
how this friction response is altered as the strength of adhesion between the polymer 
and the countersurface is deliberately changed. 
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Preparation and tribological characterization of biomimetic patterned polymer 
textures as skin coating models 

Ruting Jin1, Ruting_Jin@student.uml.edu, Xin Xu1, Colette Cazeneuve2, Jeanne C. 
Chang3, Marina Ruths1, Gustavo S. Luengo2. (1) Dept. of Chemistry, Univ. of 
Massachusetts Lowell, Lowell, Massachusetts, United States (2) L'Oreal Research and 
Innovation, Aulnay Sous Bois, France (3) L'Oreal Research and Innovation, Clark, New 
Jersey, United States  

It is well known that during evolution, specific surface patterns emerged (i.e., lotus 
leaves, butterfly wings, etc.) endowed with many remarkable surface properties 
(superhydrophobicity, vibrant structural color, delicate textures, etc.). In order to obtain 
these natural effects in cosmetics, we look for ways to transfer topographic patterns in 
our coatings and treatments. We have chosen block and random copolymer films as 
model systems to prepare a panel of diverse biomimetic self-assembled patterned 
surfaces and to measure their corresponding tribological (friction) properties at sliding 
speeds relevant to realistic cosmetic skincare applications. Characterization by AFM 
showed that different micrometer and nanometer size surface structures were obtained 
by controlling the polymer concentration and annealing conditions. Friction forces were 
measured with the Surface Forces Apparatus (SFA) at a low sliding speed of 3 μm/s in 
a standard setup, and at a more realistic speed of 10 cm/s with a special attachment for 
high speed rotational sliding. Glassy polymer surfaces commonly showed static friction 
at low speed, whereas only kinetic friction was found for polymers above their glass 
transition temperature (Tg). A random roughness pattern with a sawtooth-like cross 
section, made from a polymer above its Tg, gave high friction at low speed, but its 
friction coefficient was reduced at high speed due to less time for local entanglement 
and relaxations. Its friction response was also more strongly affected by humidity than 
that of glassy polymer films. The results will be discussed in the light of their cosmetic 
implications. 


