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Life in a tight spot: Transport and collective behavior of bacteria in 
heterogeneous media 
 
Sujit Datta 
Princeton University 
 
Diverse processes in healthcare, agriculture, and the environment rely on bacterial motility in porous media; 
indeed, most bacterial habitats—e.g. biological gels, tissues, soils, and sediments—are heterogeneous porous 
media. However, while bacterial motility is well-studied in homogeneous environments, how confinement in a 
porous environment impacts bacterial transport remains poorly understood. To address this gap in knowledge, we 
combine microscopy, materials fabrication, and microbiology to investigate how E. coli moves in 3D porous media. 
By probing single cells, we demonstrate that the paradigm of run-and-tumble motility is dramatically altered by 
pore-scale confinement. Instead, we find a new mode of motility in which cells are intermittently and transiently 
trapped as they navigate the pore space; analysis of these dynamics enables prediction of bacterial transport over 
large length and time scales. Further, by developing a new 3D printing approach, we design multi-cellular 
communities with precise control over the spatial distribution of bacteria. Using this approach, we show that 
concentrated populations can collectively migrate through a porous medium—despite being strongly confined—and 
develop principles to predict and direct this behavior. 
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AFM-based high throughput nanomechanical characterization of 
single Extracellular vesicles 
Andrea Ridolfi 1, 2, 3, Lucrezia Caselli 3, Costanza Montis1 1, 3, Lucia Paolini 1, Paolo Bergese 1, 4, Debora 
Berti 1, 3, Marco Brucale 1, 2, Francesco Valle 1 
1 Consorzio Interuniversitario per lo Sviluppo dei Sistemi a Grande Interfase (CSGI), Florence, Italy 
2 Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati (CNR-ISMN), 
Bologna, Italy 
3 Dipartimento di Chimica "Ugo Schiff", Università degli Studi di Firenze, Florence, Italy 
4 Dipartimento di Medicina Molecolare e Traslazionale, Università degli Studi di Brescia, Brescia, Italy 

Extracellular vesicles (EVs) are natural lipid vesicles with sizes ranging from tens to hundreds of 
nanometers, produced by cells to act as cargoes for biological material. EVs play a fundamental role in 
intercellular communication, and many of their multiple functions were found to be influenced by their 
nanomechanical characteristics. Despite of this, the mechanical properties of EVs are still poorly 
characterized. This issue is also hindering the exploitation of EVs potential in multiple biomedical fields 
like diagnostics and therapeutics. Atomic Force Microscopy based Force Spectroscopy (AFM-FS) allows 
probing the nanomechanics of nano-sized lipid vesicles by measuring their response to indentation. 
Although it allows obtaining accurate results, this analysis is labor-intensive and requires specialized 
equipment. We herein present an alternative AFM imaging-based mechanical characterization, 
performed on a set of synthetic and natural lipid vesicles. The adhesion of vesicles to a substrate is mainly 
driven by electrostatic interactions and the shape adopted by the adsorbed vesicles depends on their 
stiffness; as a result, softer vesicles displays more oblate shapes after their adsorption. We show that the 
vesicle shape upon adsorption can be described by its contact angle and that this parameter is directly 
related to the vesicle stiffness (measured by AFM-FS). Moreover, the contact angle represents a 
mechanical fingerprint that allows singling out lipid vesicles in samples containing also other objects with 
similar shape but different composition such as contaminants and nanoparticles. Finally, our analysis can 
be implemented in most commercially available AFMs thereby representing a practical solution for 
achieving a high-throughput mechanical characterization of lipid vesicles. 
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Sensing Bacterial Growth and Measuring Antibiotic Susceptibility 
via Laser Diffraction 
Nicholas Konstantine Kotoulas 1, M. Cynthia Goh 2 
1 University of Toronto 
2 University of Toronto 

The rise of antibiotic resistance is a critical problem impacting healthcare networks worldwide. A common 
bottleneck in the assessment and effective treatment of antibiotic resistant infections is the lengthy time 
required to measure antibiotic susceptibility. This process can take up to 24-48 hours with the widely used 
plating method, which is limited by the necessity to count colonies by eye. This work aims to improve 
upon the limit of detection and, consequently, the detection time by using diffraction sensing to monitor 
bacterial growth in the presence of select antibiotics. Bacterial-surface interactions were investigated to 
optimize the immobilization of bacteria in a diffractive pattern, obtaining a diffraction signal when 
illuminated with a laser. Diffraction spot intensities were monitored and compared between Escherichia 
coli in a control condition with no antibiotic and cells exposed to ampicillin. Differences in signal intensities 
between live and dead cells have been detected within a few hours, highlighting the potential for diffraction 
sensing as a means to dramatically reduce the time required to measure antibiotic susceptibility. With 
further study, this method may contribute to reducing the exponentially rising risk and impact of 
antimicrobial resistance. 

  



Understanding nano-bio interactions: lamellar and non-lamellar lipid 
mesophases as synthetic mimics for biological interfaces  
Lucrezia Caselli1, Costanza Montis1, Andrea Ridolfi1,2, Nina-Juliane Steinke3, Tommy Nylander4, Debora 
Berti1.  
1) University of Florence and CSGI, Department of Chemistry, Via della Lastruccia 3, Sesto Fiorentino 50019, 
Florence, Italy. 
2)  ISMN-CNR and CSGI via Gobetti 101 40129 Bologna (Italy) 
3) Institut Laue-Langevin, DS/LSS, 71 Avenue des Martyrs, CS 20156, F-38042 Grenoble CEDEX 9, (France) 
4) Department of Chemistry, Lund University, Naturvetarvägen 14, 223 62, Lund, Sweden 
 
Despite considerable scientific efforts to develop nanomaterials for Nanomedicine, a limited 
understanding of their in vivo behaviour represents a major hurdle to translation into medical practice. 
Therefore, the interaction of engineered nanomaterials with biological interfaces is a key research topic, 
aiming at the safe use of nanotechnology and maximization of its therapeutic potential. In this framework, 
lipid-based synthetic model membranes are useful platforms to mimic biological interfaces under 
simplified conditions1, allowing for the identification of key determinants in nano-bio interactions. While 
the vast majority of investigations so far focused on lamellar model membranes, far less attention is given 
to curved-bilayer structures, which are ubiquitous in cells under certain conditions2. Here, we address the 
interaction of inorganic nanoparticles (NPs) with biomimetic bilayer systems of lamellar and non-lamellar 
nature3,4, i.e. flat membranes to cubic architectures encountered in diseased cells. Employing a library of 
gold NPs, we explore the effect of NPs shape and surface functionalization as a function of membrane 
curvature. An ensemble of structural techniques (Small-Angle X-Ray Scattering, Grazing Incidence 
Small-Angle X-Ray and Neutron Scattering, X-ray and Neutron Reflectivity) highlights an opposite effect 
of NPs on membranes of different curvature, promoting a swelling of lamellar phases and a shrinkage of 
cubic ones. Confocal Laser Scanning Microscopy, allowing for a real-time visualization of NP-membrane 
interaction, show that cubic and lamellar phases interact with NPs according to two distinct mechanisms. 
The results here gathered constitute the first attempt to systematically study the role of membrane 
curvature in the interaction with nano-sized objects, disclosing innovative perspectives on the 
fundamental understanding and application of Nano bio Interfaces. 
 

 
 

1Montis, C. et al. Nanoscale 2014, 6,6452-6457 
2Mendozza, M.; Caselli, L. et al. Soft Matter, 2019,15,8951-8970 
3Mendozza, M.; Montis, C.; Caselli, et al. Nanoscale 2018, 10,3480-3488. 
4Mendozza, M.; Caselli, L. et al. J. Colloid Interface Sci. 2019, 541,329-338 
 

 

  



High Throughput Image Analysis and Properties of Compositionally 
Controlled Bilayers 
Oscar Zabala-Ferrera, Paige Liu, Peter Beltramo 
University of Massachusetts Amherst 

The cell membrane is a complex two-dimensional fluid primarily composed of lipids and many other 
molecules. There is a tremendous chemical diversity in phospholipid headgroup charge and fatty acid tail 
saturation, which systematically change on a tissue and healthy or diseased cell basis. This compositional 
diversity makes probing the effects of lipid composition on the physical properties of the membrane and 
associated biological processes in-vivo challenging, despite their biological importance. To this end we 
propose to use compositionally controlled, free-standing large area model membranes as an artificial 
platform to investigate the ramifications of altered phospholipid composition on membrane material 
properties and membrane fusion. By simultaneously applying an external potential and imaging the planar 
membrane, we can evaluate membrane thickness and Young’s modulus. In order to streamline 
experiments, a Matlab script was developed to accurately detect bilayer edges, analyzing the membrane 
area for several hundred images within minutes. We investigate the effect of increasing charge on the 
membrane by incorporating anionic dioleoyl phosphatidylglycerol (Δ9-Cis DOPG) with zwitterionic 
dioleoyl phosphatidylcholine (Δ9-Cis DOPC), and measuring the resultant change in material properties. 
The membrane’s stiffness increases as a function of DOPG content, due to the increased electrostatic 
repulsion between leaflets. Ongoing work is applying this approach to bilayers consisting of other charged 
headgroups and different acyl tail lengths/degrees of unsaturation to understand the effect of composition 
on the electromechanical properties of membranes. This understanding will provide the basis for future 
work extending this experimental platform to evaluate the kinetics and energetics of membrane fusion. 

 
  



Microfluidic Droplet-Based Tool to Quantify Viscosity of 
Concentrating Protein Solutions 
Deyu Yang 
Carnegie Mellon University 

Knowing the dependence of viscosity of highly concentrated protein solutions on formulation conditions 
(protein composition and excipients) is essential for the design and development of drug and therapeutic 
formulation. The goal of this work is to develop a simple microfluidic approach to systematically 
characterize the effect of different parameters on the viscosity of protein solutions while varying 
concentration. The approach will allow a larger range of parameter space to be characterized without the 
need for large amounts or precious or rare components. Aqueous solutions of protein are concentrated 
on a microfluidic device and the corresponding viscosity is characterized by multiple particle tracking 
(MPT), providing viscosity as a function of concentration on a single picoliter sample. Results are 
demonstrated for the well-studied BSA and effects of NaCl on its viscosity. This technique will be further 
extended to the study of a relevant monoclonal antibody, IgG. 

  



Quantifying the adsorption dynamics and phase behavior of mAbs at 
the air/water interface 
Ankit Kanthe 1, Wei Bu 2, Mrinal Bera 2, Binhua Lin 2, Mary Krause 3, Songyan Zheng 3, Andrew Ilott 3, 
Charles Maldarelli 1, 4, Raymond Tu 1 
1 Department of Chemical Engineering, The City College of New York, NY 10031 
2 NSF’s ChemMatCARS, Sector 15 ID – C, Center for Advanced Radiation Sources, University of Chicago, 
Chicago, IL 60637 
3 Drug Product Science and Technology, Bristol-Myers Squibb Co., New Brunswick, NJ 
4 Levich Institute, The City College of New York, NY 10031 

The adsorption of therapeutic monoclonal antibodies (mAbs) at the air-water interface is central to the 
production and use of antibody-based pharmaceuticals. Air/water interfaces are ever-present during the 
manufacture (filtration, chromatography) and production (freezing, thawing, filtration and filling) of the 
drug product, and continues during the storage, transportation and administration of the therapeutics to 
the patients.When an air-water interface is created, the antibodies will expose their hydrophobic residues 
to the gas phase leading to irreversible adsorption, partial unfolding, interfacial aggregation, and 
recruitment of additional proteins from the solution phase. Taken together, this leads to decreased yields 
and shortened shelf life of the mAb-based therapeutic drugs. In order to solve this problem and enhance 
the physical stability of therapeutic monoclonal antibodies, the pharmaceutical industry uses a 
multicomponent formulation that includes surface active excipients intended to compete with proteins for 
surface adsorption. 

The aim of this work is to explore the competitive adsorption process between surfactant-based excipients 
and two monoclonal antibody (mAb) proteins, mAb-1 and mAb-2. Pendant bubble tensiometry is used to 
characterize the equilibrium and dynamic surface tension to explore the co-adsorption of the two-
component systems. X-ray reflectivity (XR) is used to quantify the surface adsorbed amounts and 
mechanistically understand the competitive adsorption process as they race to the interface. A box-
refinement method based on the model independent approach is used to predict the complex molecular 
interactions present in multicomponent systems at the air/water interface. A key finding is that the 
competitive behavior of the mAbs and the excipients for the interface correlates with surface activity of 
the mAb, resulting in a five-fold difference in the concentration of the excipient to inhibit the adsorption of 
mAbs at the air/water interface. 

 
For antibody adsorption alone, the X-ray reflectivity data combined with computational simulations reveals 
a dynamic orientational change in the adsorbed antibody. This change that maintains the configurational 
structure is a consequence of their rigid “Y” shape due to the presence of the cystine bonds. This is in 
contrast to the globular proteins that gradually unfolds at the interface and do not maintain their native 
structure. 

  



 

Nanoscale Surface-Induced Unfolding of Single Fibronectin Is 
Restricted by Serum Albumin Crowding 
Lauren Warning 1, Qingfeng Zhang 1, Rashad Baiyasi 2, Christy Landes 1, 2, Stephan Link 1, 2 
1 Department of Chemistry, Rice University, Houston TX 
2 Department of Electrical and Computer Engineering, Rice University, Houston TX 

Understanding nanoscale protein conformational changes at solid–liquid interfaces is critical for 
predicting how proteins will impact the performance of biomaterials in vivo. Crowding is an important 
contributor to conformational stability. Here we apply single-molecule high resolution imaging with 
photobleaching to directly measure dye-conjugated fibronectin’s unfolding in varying conditions of 
crowding with human serum albumin on aminosilanized glass. Using this approach, we identify serum 
albumin’s crowding mechanism. We find that fibronectin achieves larger degrees of unfolding when not 
crowded by coadsorbed serum albumin. Serum albumin does not as effectively constrict fibronectin’s 
conformation if it is sequentially, rather than simultaneously, introduced, suggesting that serum albumin’s 
crowding mechanism is dependent on its ability to sterically block fibronectin’s unfolding during the 
process of adsorption. Because fibronectin’s conformation is dependent on interfacial macromolecular 
crowding under in vitro conditions, it is important to consider the role of in vivo crowding on protein activity. 

 

  



Step into the Unresolved: Versatile Tools Towards Real-time Single-
molecule Biology 
Nastaran Hadizadeh, Emanuel N. Lissek, and Ali Raja  
LUMICKS, 800 South St Suite 100, Waltham, MA 02453 
 
Biological processes performed by proteins interacting with DNA/RNA are key to cell metabolism and life.  
Detailed insights into these processes provide essential information for understanding the molecular basis 
of life and the pathological conditions that develop when such processes go awry. The next scientific 
breakthrough consists in the actual, direct, real-time observations and measurements of the individual 
mechanisms involved, in order to validate and complete the current biological models. Single-molecule 
technologies offer an exciting opportunity to meet these challenges  and  to study protein function and 
activity in real-time and at the single-molecule level. Here,  we  present  our  efforts  for  further  enabling  
discoveries  in  the  field  of  biology  and biophysics using both the combination of optical tweezers with 
single-molecule fluorescence microscopy (C-Trap).We show the latest applications of these technologies 
that can enhance our understanding not only in the field of DNA/RNA-protein interactions but also in the 
fields of molecular motors, protein folding/unfolding and protein droplet dynamics. These experiments 
show that the technological advances in  hybrid  single-molecule methods can  be  turned  into  an  easy-
to-use  and  stable  instrument  that  has  the  ability  to  open  up  new venues in many research areas. 
  



Colloids 2020 Rice University, Houston, Texas, USA • June 7 – 10, 2020

Submission 27

Elucidating the Biological Behaviors of Colloidal Polymeric Nanoparticles

Kenry . 1, 2, Bin Liu 2

1 Department of Imaging, Dana-Farber Cancer Institute, Harvard Medical School, Boston, USA

2 Department of Chemical and Biomolecular Engineering, National University of Singapore, Singapore

With their important role in the delivery of a wide range of therapeutic and imaging agents, polymeric nanoparticles have

demonstrated tremendous potential for theranostic and nanomedicine applications [1-3]. Nevertheless, there have been

increasing studies reporting the failures of polymeric nanoparticles in fulfilling their designed objectives because of a single or

combination of factors, such as non-specific biomolecule adsorption, non-targeted cellular internalization, significant

phagocytic uptake, and fast body excretion, which have collectively challenged the merit of nanomedicine for disease

theranostics [4-6]. Although increasing efforts have been channeled towards regulating the biological behaviors of polymeric

nanoparticles by tuning their physicochemical features, a large number of the reported works have focused only on either the

biological effects elicited by the regulation of a single nanoparticle parameter or the separate molecular, cellular, and in vivo

behaviors of nanoparticles. Crucially, the interdependency of multiple physicochemical properties of polymeric nanoparticles in

influencing their biological effects from molecular to organism levels remain largely unclear, which warrants a comprehensive

investigation.

We formulated a range of polymeric nanoparticles consisting of FDA-approved polymeric nanocarriers (i.e., polystyrene (PS),

poly(lactic-co-glycolic acid) (PLGA), and polyethylene glycol (PEG)) encapsulating organic fluorophores, with two different

sizes (i.e., 20 and 60 nm) and three different surface functional groups (i.e., COOH, OCH3, and NH2). After the synthesis of

these nanoparticles, we characterized their different physicochemical properties, notably, surface morphology, size,

distribution, zeta potential, lipophilicity, optical absorbance, and fluorescence. Subsequently, based on a series of experimental

and computational modeling approaches, we systematically examined the interdependent effect of the nanoparticle

lipophilicity, zeta potential, and size on the formation of protein corona around the nanoparticles as well as the in vitro

endothelium uptake and the in vivo circulation and biodistribution of the nanoparticles in a zebrafish model.

Nanoparticle lipophilicity was observed to affect the recruitment of non-specific biomolecules, in which decreasing lipophilicity

would reduce the adsorption of biomolecules and vice versa. For a given lipophilicity, the nanoparticle surface charge has a

less pronounced effect in determining biomolecule adsorption than nanoparticle size. However, irrespective of size, the surface

charge of nanoparticles was observed to dictate their endothelium uptake and circulation lifetime, in which the negatively

charged nanoparticles could be endocytosed preferentially by endothelial cells without requiring targeting ligands and these

nanoparticles displayed much prolonged circulation lifetime. In light of our experimental results, we proposed a two-step

rational design framework to formulate a single polymeric nanoparticle system with controlled in vitro and in vivo biological

behaviors.

In conclusion, the optimization of the interplay between lipophilicity and surface charge is essential in regulating the overall

biological behaviors of polymeric nanoparticles. This work has provided a strong basis for the design and modulation of

enhanced polymeric nanoparticle systems to simultaneously control multiple biological events for in vivo theranostic and

nanomedicine applications.
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Hydrogel microparticles for controlled drug delivery: Effects of 
shape and peptide conjugation 
Eugenia Kharlampieva 
Department of Chemistry, University of Alabama at Birmingham 

Particulate shape and elasticity are crucial parameter that dictate highly specific biological functions and 
controlling them allows comprehensive optimization of drug delivery carriers. This talk will focus on pH- 
and redox-responsive poly(methacryic acid) (PMAA)-based hydrogel particle of controllable shape and 
size for on-demand release of drugs in cancer therapy. When conjugated with a hepsin-targeting 
IPLVVPL peptide, these particles exhibit selective affinity to hepsin-overexpressed cancer. We will 
discuss how the cell type along with hydrogel shape and size controls the cell uptake kinetics and the 
ultimate extent of internalization. The peptide modification significantly promotes the uptake of the 700 
nm hydrogel cubes by hepsin-positive MCF-7 cells due to ligand-receptor recognition but has a negligible 
effect on the uptake of 2-μm PMAA hydrogels. The selectivity of 700-nm IPLVVPL-PMAA hydrogel cubes 
to hepsin-overexpressing tumor cells is further confirmed by a 3- to 10-fold higher particle internalization 
by hepsin-positive MCF-7 and SK-OV-3 compared to hepsin-negative PC-3 cells. The integration of an 
active targeting moiety, pH-sensitivity and redox-triggered degradation into the polymeric networks 
represents a new platform for efficient delivery of therapeutics. In addition, this work has investigated the 
interplay of particle size, surface ligand modification and cell type on the interaction between hydrogels 
and cancer cells, which improves the understanding of carrier design in cancer therapy. 
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Signatures of Overaging in Aqueous Dispersion of Carbopol

Mayank Agarwal 1, Manish Kaushal 2, Yogesh M Joshi 1

1 Department of Chemical Engineering Indian Institute of Technology Kanpur

2 Department of Chemical Engineering Indian Institute of Technology Kharagpur

Soft glassy materials (SGMs) are thermodynamically out of equilibrium materials that undergo microstructure evolution as a

function of time under quiescent condition, called aging, wherein on the application of strong deformation field, the

microstructure breaks down, and the process is known as rejuvenation. Recently our group showed that the aqueous

dispersion of Carbopol shows the characteristic features of physical aging [1]. In this work, we study the effect of the

magnitude of the oscillatory deformation field on the rejuvenation behavior of aqueous dispersion of Carbopol by subjecting it

to the creep flow field. We observe that the small magnitude of strains (corresponding magnitude of σ≪ σy), does not cause

any rejuvenation of the same. However, at the moderate magnitudes of strain wherein, the corresponding magnitude σ is in

the neighborhood of σy, the material shows a creep response associated with a more aged state with slower relaxation

timescales. After a sufficiently high magnitude of strain, wherein the corresponding magnitude of stress σ is greater than σy,

the material shows creep response associated with a rejuvenated state having faster relaxation timescales. This phenomenon,

wherein moderate magnitude of strain causes partial aging of a system than rejuvenation, has been termed overaging. We

investigate the overaging behavior of aqueous dispersion of Carbopol as a function of frequency as well as the duration of

application of oscillatory strain. We also solve the soft glassy rheology (SGR) model and analyze the experimental results with

the model prediction.

Reference:

[1].Agarwal, M. & Joshi, Y. M. Signatures of physical aging and thixotropy in aqueous dispersion of Carbopol. Phys. Fluids 31,

063107 (2019).
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Microrheological characterization of covalent adaptable hydrogel 
degradation in response to environmental pH changes that mimics 
in the gastrointestinal tract 
Nan Wu, Kelly Schultz 
Lehigh University 

Covalent adaptable hydrogels (CAHs) are synthetic 3D polymeric scaffolds which are designed using 
dynamic covalent chemistry. These materials dynamically change their structure in response to 
environmental stimuli, such as the addition of shear or change in pH, such as in the gastrointestinal (GI) 
tract. This stimuli-responsive structural evolution makes CAHs ideal for biological applications, including 
as a delivery vehicle for controlled and targeted oral delivery. To use CAHs for this application, we must 
first understand material property evolution and dynamic structural changes during degradation that are 
induced by pH changes that mimic the pH in the GI tract. The material we are characterizing is a CAH, 
composed of 8-arm poly(ethylene glycol) (PEG)-hydrazine that self-assembles with 8-arm star PEG-
aldehyde to form a hydrazone bond. To mimic pH changes in each part of the digestive tract and 
simultaneously characterize scaffold degradation, we use μ2rheology. μ2rheology is multiple particle 
tracking microrheology (MPT) in a microfluidic device. In MPT, we measure Brownian motion of 
fluorescent probe particles embedded in the sample and material rheological properties are calculated 
from this particle motion. To mimic each pH in the GI tract, we use a two-layer microfluidic device that 
enables consecutive fluid exchange around a single sample with minimal sample loss. Using μ2rheology, 
we characterize CAH degradation at a single pH (pH 4.3, 5.5 and 7.4), with a single pH exchange (pH 
4.3 to 7.4 and pH 7.4 to 4.3) and during temporal pH changes that mimic the pH of the whole GI tract. 
We calculate the critical relaxation exponent for degradation at a single pH and with a single pH exchange 
to quantitatively characterize the gel-sol transition, which is independent of incubation pH. From 
measurements of a single pH exchange and temporal pH changes through the whole GI tract, we 
determine that CAH degradation kinetics and material property evolution are not influenced by 
degradation history. However, the initial cross-link density of the scaffold at each pH exchange can be 
reduced by previous degradation, which decreases the degradation time for the scaffold to transition from 
a gel to a sol. This change in degradation time will inevitably change molecular release. These results 
indicate degradation can be tuned by changing scaffold cross-link density, which can be done by 
changing the ratio of backbone to cross-linker functionality, to design this CAH as a controlled and 
targeted oral delivery vehicle. 

  



Rheology, swelling and dissolution of DNA-cross-linked 
polyacrylamide hydrogels 
Cong Du 1, 2, Reghan J. Hill 1 
1 Department of Chemical Engineering, McGill University 
2 Ministry of Education Key Laboratory of Macromolecular Synthesis and Functionalization, Department of 
Polymer Science and Engineering, Zhejiang University, Hangzhou, 310027, China 

We examine the linear viscoelastic rheology, swelling and dissolution of DNA- and `bis'-cross-linked 
polyacrylamide hydrogel networks. Rheological time-temperature superposition (TTS) is harnessed to 
ascertain how temperature and composition influence the microstructure. A higher DNA-cross-linking 
efficiency is ascribed to the larger cross-linker imparting greater steric hinderance to the formation of self-
terminating loops. TTS unifies the rheological spectra at low frequencies, furnishing the effective 
activation energy for DNA-cross-link disengagement at low temperatures. This activation energy 
decreases significantly and systematically with increasing temperature (and varying cross-linker 
composition). At low temperature, DNA cross-linked samples exhibit a super-exponential divergence of 
the longest relaxation time (a hallmark of star-polymer networks) with increasing cross-linker 
concentration, increasing from approximately 2 to 20 entanglements per arm. At high temperature, a 
novel ``associative-reptation'' scaling furnishes a robust interpretation of the network and longest 
relaxation times. We also study the swelling and dissolution of these gels, proposing a novel theoretical 
model to account for the binding energy of physical cross-links and their coupling to the elastic free 
energy. This model identifies network characteristics that control access to swollen and dissolved states. 

 



Solution Behavior of Short Polypeptide Polyampholytes with 
Increasing Block Sizes 
Winnie H Shi, Amanda B. Marciel 
Rice University, Department of Chemical and Biomolecular Engineering, Houston, TX 77005 

Enhancing or developing new tunable, multifunctional materials for applications in energy storage, 
separations, coatings, and thermal insulation relies greatly on controlling nano- to mesoscale morphology 
of the material. Polymer-based materials are ideal candidates due to their low cost, processability, high 
flexibility, as well as their self-assembly and stimuli-responsive behavior. This is particularly true for 
polyampholyte (PA)-based materials– consisting of macromolecules containing both positively and 
negatively charged groups along the polymer backbone – due to their stimuli-responsive ionic 
interactions. These interactions are further influenced by varying the underlying polymer sequence which 
alters the local electrostatic interactions and result in systematic changes in polymer structure and 
conformation. For this study, poly-(lysine, glutamic acid) block copolymers, synthesized using solid phase 
synthesis, were examined. To focus on the effect of sequence, the block copolymer polypeptides are all 
charge symmetric and contain the same number of amino acids. We show that as the block size 
increases, the polypeptides in their polyampholyte regime exhibit varied solution responses to changes 
in pH and salt conditions. These behaviors are attributed to changes in neighboring electrostatic 
interactions which are altered significantly from sequence to sequence, leading to variations in the 
charged state of the charge amino acids. The varied charged states result in the changes seen with 
titrations and hydrophobic interactions. From this study, we find sequence variation, in the form of block 
size, plays a significant role in the solution behavior of polyampholytes. Further analysis of their 
conformations and viscoelastic properties will illuminate the forces at play between sequence and 
electrostatic interactions. With this understanding, we can better design and develop highly tunable, 
multifunctional polyampholyte materials. 

  



Making Brushy Surfaces with Bottlebrush Polymers 
Hao Mei 1, Travis Laws 2, Kazuma Miyagi 3, Gila Stein 2, Rafael Verduzco 1 
1 Department of Chemical and Biomolecular Engineering, Rice University 
2 Department of Chemical and Biomolecular Engineering, University of Tennessee, Knoxville 
3 Department of Applied Life Science, Faculty of Applied Biological Sciences, Gifu University, Japan 

Tailoring the shape, size, and length of polymers can have a profound effect on physical properties. For 
example, introducing branching in linear polymers can enhance crystallization and/or reduce the number 
of entanglement. In this presentation, I will describe the chemistry and physical properties of bottlebrush 
polymers – molecules with dense polymer ‘bristles’ forming a molecular ‘brush.’ This type of polymer 
exhibits exciting and potentially useful properties including forming supersoft elastomers, self-assembling 
to form photonic structures, and stimuli-responsiveness. When used as additives in blends with linear 
polymers, bottlebrushes are spontaneously attracted to surfaces and interfaces. I will discuss the entropic 
and enthalpic effects that govern polymer segregation near interfaces and show how entropic effects 
drive bottlebrush polymers to surfaces. Through time-of-flight secondary ion mass spectroscopy (ToF-
SIMS), we can visualize and quantify the distribution of bottlebrush polymer additives in different linear 
polymer matrices. I will present systematic studies of the distribution of bottlebrush polymer additives as 
a function of bottlebrush and linear polymer chemistry, processing conditions, and annealing history. This 
study demonstrates that bottlebrush copolymer additives can be designed to spontaneously segregate to 
surfaces in thermal blends, providing a possible route to decouple surface properties from bulk properties. 
Segregation of the additives is driven by the dense brush architecture of bottlebrush polymers. 

 

  



Nano-emulsion-hydrogel composites: electroacoustic, viscoelastic, 
and swelling responses 
Gbolahan Akeem Afuwape, Reghan J. Hill 
Department of Chemical Engineering, McGill University 

Potential applications for nano-emulsion-hydrogel composites make them an intriguing class of advanced 
material that is worthy of in-depth study. Nano-emulsion-hydrogel composites are considered viable 
alternatives for conventional controlled delivery of lipophilic entities in biomedicine (amongst other uses), 
because the hydrogel mitigates Ostwald ripening, a well-established limitation of conventional nano-
emulsions. Thus, the incorporation of oil nano-droplets into a stimuli responsive polymer network may 
achieve new and desirable delivery specifications. Theories to understand and possibly leverage the full 
potential of these composites, are limited; and details of droplet stability, electrokinetic transport, and bulk 
properties are rare. In this work, a study of the electrokinetic dynamics of nano-emulsions is undertaken, 
with an attempt to unify thermodynamic-adsorption and electrokinetic models. A resolution is made on 
the surface charge and zeta-potential for highly charged droplets, and a new fluid-model to interpret 
dynamic mobility spectra is applied. With these foundations, we interrogate nano-emulsion-hydrogel 
composites using electroacoustic and rheological spectroscopies, and examine the composite release 
kinetics during swelling. 

 

  



 
Investigating the role of the gel fluid phase in soft adhesive contact 
Katharine Jensen 
Williams College 

Many highly-compliant, adhesive, solid materials are gels, comprised of an elastic network permeated by 
a fluid phase that can, in some cases, make up a majority fraction of the overall volume. Such materials 
can respond very differently to mechanical stresses than either a stiff solid or a liquid; solid surface tension 
can compete with elasticity to produce capillary mechanics and instabilities in soft solids, and both 
poroelasticity and viscoelasticity can be important in governing dynamics. In this work, we investigate the 
role of the gel fluid phase in the mechanics of soft adhesion, with particular focus on phase separation of 
the fluid from the bulk material as a means of mediating adhesion between uneven surfaces. 

  



Synthesis of Non-Spherical Polydopamine Nanoparticles 
Edward Davis, Yuzhe Sun 
Materials Research and Education Center, Department of Mechanical Engineering, Auburn University 

Polydopamine has a similar structure to melanin and has excellent biocompatibility. Abundant catechol 
and aromatic groups endow polydopamine with unique deposition and adhesion properties. These 
properties make it an attractive material for biomedical and electrochemical applications. Mild reaction 
conditions allow the formation of solid polydopamine nanospheres in weakly alkaline solutions, and there 
is considerable research on the use of polydopamine nanospheres as drug delivery particles and 
photothermal agents. More recently, anisotropic nanostructures have attracted increased interest in the 
biomedical and electrochemical fields. Recent reports suggest that anisotropic nanostructures, such as 
nanotubes, nanorods, and nanofilaments, show increased circulation half-life and higher tumor 
accumulation than spherical nanoparticles. For electrochemical applications, bowl-like nanostructures 
have a higher specific surface area compared with conventional nanospheres. However, studies of non-
spherical polydopamine nanoparticles are limited to complexity in fabrication. Herein two strategies for 
the synthesis of bowl-like nanocapsules and anisotropic nanotubes are reported. In both methods, 
polydopamine is synthesized in an aqueous Tris solution. Ethanol nanodroplets in an aqueous solution 
were used as templates for nanocapsules and nanobowls, while a natural tubular clay, halloysite, was 
used as a template for nanotubes. The morphologies of nanoparticles were observed with transmission 
electron microscopy, scanning electron microscopy, and dynamic light scattering. The chemical 
compositions were confirmed with Fourier-transform infrared spectroscopy and thermogravimetric 
analysis. As for nanocapsules, the effects of synthesis formula on morphology were investigated. While 
for nanotubes, the photothermal and control release properties were tested. As a result, facile methods 
of bowl-like nanocapsules and isotropic open-end nanotubes based on polydopamine were developed. 
The wall thickness of both hollow nanostructures could be controlled by the concentration of dopamine 
in the reaction medium. The size of nanocapsules can be controlled by the amount of ethanol in the 
synthesis medium. Furthermore, compared with conventional nanospheres, the nanotubes show superior 
photothermal and controlled release properties. 

 
  



Spontaneous Emulsification of Crude Oils during Low Salinity 
Waterflooding 
Wen Song 
University of Texas at Austin 

Subsurface energy and environmental resources, including hydrocarbons and aquifers, are multiphase, 
multicomponent fluids that reside within porous geological materials. Typically, geological materials are 
characterized by micro/nanoscale pores and complex, heterogeneous surface chemistry. Wetting, 
capillarity, and interfacial dynamics between fluid phases and with solid surfaces, as a result, dictate the 
control and recovery of subsurface energy resources. Methods of enhanced oil recovery, for example low 
salinity waterflooding, seek to control the complex interfacial dynamics between crude oil, brine, injection 
materials, and the pore surface. Mechanisms dictating these fundamental interfacial dynamics, however, 
are not resolved due to the lack of direct visual observability into rock pores. 

In this talk, I will introduce our framework of real-rock micromodels, i.e., microfluidic devices with 
representative pore geometry and surface chemistry of real geological materials, and demonstrate our 
progress towards understanding mechanistically the fundamental pore-scale, real-time fluid-solid 
dynamics that dictate hydrocarbon recovery. Using clay-functionalized micromodels as a proxy for clay-
rich sandstones, we delineate a fundamental mechanism that dictates improved hydrocarbon recovery 
under low salinity conditions. Specifically, we discover the spontaneous Pickering emulsification of crude 
oil during low salinity waterflooding due to clay particle mobilization from the pore surface. The emulsion-
induced reduction in fluid mobility through preferential flow paths results in diversion of injection fluids 
through oil-filled pores. We leverage the stability of the Pickering emulsions to develop a sequential 
salinity cycling method that improves overall oil recovery by an additional 8% of the original oil in place. 

  



Interaction of encapsulated alkylbenzene sulfonate surfactants with 
water-wet and oil-wet calcite surfaces 
Ayrat Gizzatov 1, Mohammed Kawelah 1, Afnan Mashat 2, Amr I. Abdel-Fattah 2 
1 Aramco Services Company: Aramco Research Center—Boston 
2 EXPEC ARC, Reservoir Engineering Technology Division, Saudi Aramco 

Crude oil is recovered from the porous structure of the reservoir rock mostly located a few thousand 
meters deep under the ground. After certain production time, recovering oil stored in the porous structures 
using a pressure drive and a water flood becomes inefficient. Chemicals help to improve mobilization of 
the remaining oil. Surfactants and polymers allow for the reduction of oil-water interfacial tension, increase 
viscosity of the water flood to improve sweep and alter wettability of the rock surface to preferentially 
more water-wet. To select the right chemicals for the conditions present in an oil reservoir, a large number 
of chemical formulations need to be tested. Low-cost chemicals should have acceptable performance in 
high-salinity (up to 7 wt.% of total dissolved solids (TDS)) and high-temperature (up to 100 °C) water and 
not retain to the rock surface at greater than 1 mg/g quantities. This work extends characterization of the 
previously described encapsulated alkylbenzene sulfonates for application in high-salinity and high-
temperature conditions utilizing Quartz Crystal Microbalance with Dissipation (QCM-D) and Confocal 
Laser Scanning Microscopy (CLSM). Results demonstrate that encapsulated surfactants interact with 
water- and oil-wet calcite surfaces differently. Linear alkylbenzene sulfonates initially adsorb onto the 
water-wet calcite surface as spherical micelles and stay that way upon dilution with water. Whereas, 
branched alkylbenzene sulfonates adsorb as vesicles and rearrange into layered structures. QCM-D and 
CLSM results also suggest that linear alkylbenzene sulfonates are more efficient in desorbing, which is 
studied in this work crude oil from the calcite surface. The methods to be presented in this study allow for 
more informed and rapid characterization and prescreening of formulations prior to performing more time 
consuming experiments like a core flooding.  

  



Lignin Nanoparticles As A Sustainable Alternative for In Situ 
Bioremediation 
Amber Pete, Jin Guin Less, Bhuvensh Bharti, Michael Benton 
Louisiana State University Department of Chemical Engineering 

The Gulf of Mexico has had many large-scale oil spills, pouring thousands of barrels of oil into the waters, 
with the most recent being the tragic Deep Water Horizon. The primary method used for managing oil 
spills is to “dissolve” the spilled oil in water in form of emulsion droplets. An amphiphilic emulsifier is 
generally used to stabilize the oil-water interface and initiate the formation of oil-in-water emulsion, which 
allows for the degradation of the oil by marine bacteria. However, recent studies have shown that the 
commercially used emulsifiers for oil spill cleanup processes have adversely affected our environment 
and can prevent bioremediation from occurring; there is an immediate need to find new, ecofriendly 
alternatives to use as emulsifiers. Here, we present nanoparticles synthesized from plant biopolymers as 
a new class of biocompatible emulsifiers, which allow for managing oil spills in a rapid and ecofriendly 
manner. We demonstrate the ability of plant-based nanomaterials to increase the affinity of Alcanivorax 
borkumensis for the oil-water interface, using chitosan coated lignin nanoparticles as a model system. 
We also show the effect of presence of the lignin-chitosan composite nanoparticles on the metabolic 
activity of A. borkumensis and biofilm formation at the oil-water interface. The study presents a new 
design principle of engineering materials using plant-based precursors and provides much-desired cost 
effective, eco-friendly, and a sustainable alternative to harsh chemical dispersants that are typically used.  

  



 
Coalescence behavior of asphaltene-coated oil-water interfaces 
Junchi Ma, Lynn Walker 
Department of Chemical Engineering, Carnegie Mellon University 

Asphaltenes are polyaromatic molecules that can make up a significant fraction of some crude oils. These 
molecules are known to be interfacially active, and are believed to form rigid adsorbed layers at oil-water 
interfaces which enhance emulsion stability. In this work, asphaltenes are dispersed in an aromatic rich 
solvent. Interfacial properties of this well dispersed system are quantified by measuring the dynamics of 
interfacial tension and dilatational elasticity. A specific sample of asphaltene is shown to be interfacially 
active, but shows only moderate interfacial elasticity at an oil-water interface with no observation of 
rigidification of the interface. Coalescence experiments are performed on oil-water interfaces both with 
and without asphaltenes adsorbed. Results show that adsorbed asphaltenes are able to promote the 
coalescence process by minimizing the electrostatic repulsion forces between oil-water interfaces, even 
when adsorbing from the oil phase. The outcome of this work provides a new perspective on the stability 
of oil-water emulsions with asphaltenes. 

  



Evaluating the stability of model asphaltene-stabilized water-in-oil 
emulsions in microfluidic devices 
Zhuqing Zhang, Sibani Lisa Biswal 
Rice University, Houston, TX 

Asphaltenes are a major contributor to flow assurance problems related to crude oil production. Due to 
their polydispersity, model molecules such as coronene and violanthrone-79 (VO-79), have been used 
as mimics to represent the physiochemical properties of asphaltenes. This work aims to evaluate the 
emulsion-stabilization characteristics of fractionated asphaltenes and these two model molecules. How 
well can these model molecules represent crude oil asphaltenes has not been assessed based on 
emulsion stability. Such evaluation is expected to help better characterize the stabilizing mechanisms of 
asphaltenes on water-in-oil emulsions. The coalescence process of water-in-oil emulsion droplets is 
visualized using a microfluidic flow-focusing geometry. Rate of coalescence events is used to 
characterize emulsion stability in micro-scale. Interfacial tension (IFT) and oil/brine zeta potential are 
measured to help explain the differences in the emulsion. VO-79 is found to be better in stabilizing 
emulsions compared to coronene. However, the stability of VO-79 based emulsions is still far worse than 
asphaltene emulsions, even though they have similar interfacial tension and oil/brine zeta potential 
values.  
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Microscale Physics in Oil Displacement by Complex Liquids in Porous Media

Marcio Carvalho

Department of Mechanical Engineering, Pontifical Catholic University of Rio de Janeiro (PUC-Rio)

The most common oil recovery method used for displacing the oil and maintaining the reservoir pressure is water injection.

However, in most cases, the recovery efficiency of this method is limited by the high fluid mobility ratio and reservoir

heterogeneities. The non-linear flow properties of complex fluids through porous media give rise to multiphase flow

displacement mechanisms that operate at different scales, from pore-level to Darcy scale, leading to substantial increase in the

volume of oil recovered. The mechanisms responsible for increasing the recovery factor in different EOR methods are not fully

understood.

Macroscopic behavior in immiscible displacement flow in porous media is directly related to pore-scale phenomena. Therefore,

it is important to study the porous media flow on the microscopic level with the purpose of understanding, modeling, and

predicting the macroscopic behavior during oil production. Experimental studies of flow in porous media at the pore scale allow

the direct flow visualization employing two dimensional (2D) micromodels and optical/fluorescent microscopy and, more

recently, three dimensional (3D) micromodels, especially with nuclear magnetic resonance (NMR), x-ray micro-CT and

confocal microscopy.

This work presents visualization of the microscale flow of emulsions, suspension of soft microcapsules and polymeric solutions

through 2D and 3D transparent models of porous media using fluorescent and confocal microscopy, which reveals the physical

mechanisms associated with the improved pore level displacement efficiency and lower residual oil saturation. Image

processing was used to evaluate the final oil saturation and ganglia morphology at the end of the injection of different fluids.

In the case of oil-water emulsions and suspension of soft microcapsules, the lower volume of trapped oil is caused by the

water phase flow diversion associated with the blocking of the pore throats already swept by water by emulsion drops and

microcapsules. The results show how the effect of the dispersion characteristics on the displacement process.

In the case of viscoelastic polymer solutions, the volume of trapped oil ganglia is much lower than that observed after injection

of glycerol solution with the same shear viscosity. The high extensional viscosity of the polymer solution leads to higher

pressure gradient of the water phase that mobilize large oil ganglia.

Presented by: Carvalho, Marcio



Controlling capillary fingering using pore size gradients in 
disordered media 
Nancy Lu, Sujit Datta 
Princeton University 

Capillary fingering is a displacement process that can occur when a non-wetting fluid displaces a wetting 
fluid from a homogeneous disordered porous medium. Here, we investigate how this process is 
influenced by a pore size gradient. Using microfluidic experiments and computational pore-network 
models, we show that the non-wetting fluid displacement behavior depends sensitively on the direction 
and the magnitude of the gradient. The fluid displacement depends on the competition between a pore 
size gradient and pore-scale disorder; indeed, a sufficiently large gradient can completely suppress 
capillary fingering. By analyzing capillary forces at the pore scale, we identify a non-dimensional 
parameter that describes the physics underlying these diverse flow behaviors. Our results thus expand 
the understanding of flow in complex porous media and suggest a new way to control flow behavior via 
the introduction of pore size gradients. 

  



Effect of Mineral Structure and Solution Chemistry on the 
Hierarchical Assembly of Clay-Minerals 
Maoz Dor 1, 2, Yael Levi-Kalisman 3, Ruarri J. Day-Stirrat 4, Simon Emmanuel 2, Yael Mishael 1 
1 Department of Soil and Water Sciences, Faculty of Agriculture, Food and Environment., The Hebrew 
University of Jerusalem, Rehovot, Israel 
2 Institute of Earth Sciences, The Hebrew University of Jerusalem, Jerusalem, Israel 
3 The Center for Nanoscience and Nanotechnology, The Hebrew University of Jerusalem, Jerusalem, Israel 
4 Shell International Exploration and Production Inc., Shell Technology Center Houston, Houston, TX, USA 

Clay mineral properties, together with solution chemistry, control the assembly of platelets into 
hierarchical structures, including tactoids and aggregates. Although the effect of ionic strength on platelet-
platelet distance is well established, its effect on tactoid and aggregate assembly is poorly understood. 
Here, we studied the effect of solution ionic strength on the assembly of kaolinite, illite, and 
montmorillonite at the platelet, tactoid, and aggregate scales, using cryogenic scanning electron 
microscopy (cryo-SEM), atomic force microscopy (AFM) and cryogenic transmission electron microscopy 
(cryo-TEM), respectively. An alignment analysis performed on the obtained cryo-SEM images shows that 
the degree of aggregate alignment in an ionized solution was significantly higher than in deionized water. 
Furthermore, we found that with increasing platelet-platelet bonding energy (according to the order 
montmorillonite>illite>kaolinite), tactoid size increased, tactoid packing was less ordered, and aggregate 
alignment decreased. Our AFM measurements showed that an increase in ionic strength caused an 
increase in the Young’s modulus of kaolinite and illite, indicating higher tactoid alignment, since 
disordered structures, comprising various platelet orientations, are expected to be stiffer than highly-
aligned ordered structures. We successfully measured distances <1 nm, for both kaolinite and 
montmorillonite by cryo-TEM, directly demonstrating that increasing ionic-strength reduces platelet-
platelet distances. The outcome of this study offers a new approach and methodology to study 
fundamental colloid-assembly which will trigger future studies investigating additional parameters 
affecting assembly such as, temperature, solution pH, natural organic matter, and anthropogenic activity. 

  



Hydrodynamic interactions effect on the aggregation of colloidal 
dispersions in the presence of sedimentation 
Marco Lattuada 
Department of Chemistry, University of Fribourg 

Aggregation of colloidal particles plays a crucial role in many processes of both fundamental and practical 
importance. For environmental applications, such as in waste-water treatment, sedimentation is one of 
most important driving forces for cluster formation. While many investigations have been carried out 
aiming at understanding the role of sedimentation in combination with diffusion and interparticle 
interactions in determining structure and aggregation rate of particles, one effect has almost always been 
neglected: the role played by hydrodynamic interactions. In this work, we have investigated the role 
played by hydrodynamics using Rotne-Prager description of the diffusion tensor. In our simulations, we 
used a strategy already proposed a couple of decades ago in the investigation of sedimentation by means 
of Monte-Carlo simulations. Particles have been randomly positioned in a virtual box, and moved 
according to Langevin equation, including long- and short-range hydrodynamic interactions, Van der 
Waals forces, diffusion and sedimentation. The second major novelty of our work, in addition to 
hydrodynamics, is the presence of contact forces, which have also been included in the simulations to 
realistically account for the deformation of clusters subject to sedimentation. Particles are subject to 
periodic boundary conditions in all spatial directions, which are suitable to simulate what happens in the 
middle of a real suspension subject to sedimentation, i.e., far from the upper and lower boundaries of the 
system. The results of the simulation are compared to the case where hydrodynamic interactions are 
neglected. The results show the strong role played by such interactions, and the interplay of 
hydrodynamics and contact forces in the evolution of the structure of the aggregated formed under these 
conditions. 

 
 
  



Grain Boundary Dynamics in Magnetically Actuated Colloidal 
Crystals 
Dana Lobmeyer, Sibani Lisa Biswal 
Rice University, Department of Chemical and Biomolecular Engineering 

Grain boundaries (GB) are dynamic, planar defects in the lattice of polycrystalline materials and play a 
major role in determining bulk material properties. Despite many efforts however, the mechanisms of GB 
translation and the underlying driving forces are not well understood, particularly for GBs with a large 
misorientation angle. Here, we utilize a tunable system of superparamagnetic particles under a time-
varying magnetic field to create large, two-dimensional arrays of colloids, whose interaction potential can 
be modulated via the strength of the magnetic field. This system is ideal for visualizing GB dynamics and 
quantifying orientational order in the colloidal crystal. The GBs are identified using the local bond 
orientation order parameter (ψ6) and can display large misorientation angles up to 20°. We observe 
reorganization of ordered grains and disordered grain boundaries for a given magnetic field strength. It 
appears void spaces in the crystal lattice act as stress sinks to reduce the number of GBs and help order 
the crystal lattice. Interestingly, individual crystals are shown to rotate to match the orientation of nearby 
crystals or reorganize, particle by particle, to bring the lattice into registry. 

  



Nanotribology of Phosphonium Phosphate Ionic Liquid: a Combined 
Atomic Force Microscopy and Surface Spectroscopic Study 
Filippo Mangolini 1, 2, 3, Zixuan Li 1, 2, Oscar Morales-Collazo 4, Jerzy Sadowski 5, Hugo Celio 1, Andrei 
Dolocan 1, Joan Brennecke 3 
1 Texas Materials Institute, The University of Texas at Austin, Austin, Texas 78712, USA 
2 Materials Science and Engineering Program, University of Texas at Austin, Austin Texas 78712, USA 
3 J. Mike Walker Department of Mechanical Engineering, The University of Texas at Austin, Austin, Texas 
78712, USA 
4 McKetta Department of Chemical Engineering, The University of Texas at Austin, Austin, Texas 78712, 
USA 
5 Center for Functional Nanomaterials, Brookhaven National Laboratory, Upton, New York 11973, USA 

Ionic liquids (ILs) have gained considerable attention in the last two decades owing to their unique and 
tunable physico-chemical properties (e.g., low vapor pressure, high thermal stability), which have made 
them potentially useful for a range of applications, including batteries, fuel cells, catalysis, and lubrication. 
Ionic liquids are particularly attractive in lubrication, since their properties make them suitable for 
components working under extreme conditions, such as those found in engines, spacecraft, and micro-
electromechanical systems. When ILs are used as lubricants, the interface between the IL and the 
surfaces of the components in relative motion plays a pivotal role in controlling the friction and wear 
response. Despite the scientific weight of published studies on the tribology of ILs, remarkably little is still 
known about the underpinning lubrication mechanism of ILs. The development of a fundamental 
understanding of the mechanism by which ILs reduce friction and/or wear requires shedding light on the 
processes occurring at nanoscale asperities within macroscale contacts. This constitute a significant 
challenge since observing and understanding the nanoscale mechanisms at play is inhibited by the 
hidden nature of the buried interface and the challenge of performing observations at the nanometer 
scale. 

Here, we used atomic force microscopy (AFM) to visualize and quantify the processes occurring at sliding 
interfaces in situ, in single-asperity nanocontacts1. The AFM experiments, in which a diamond tip was 
slid on steel in phosphonium phosphate IL (PP-IL) at high contact pressure (>5 GPa), indicated a 
significant friction reduction only after the removal of the native surface oxide from steel. Even though the 
AFM experiments allowed for the identification of changes in topography and friction in situ while sliding 
in PP-IL, they could not provide any information about the composition and structure of the regions 
scanned by AFM. The analysis of these regions is a challenging surface science problem owing to their 
limited dimensions and the small thickness of the surface material modified by the mechanical action of 
AFM tips. To address this challenge and elucidate the origin of the friction reduction observed during AFM 
experiments, laterally-resolved ex situ analyses of the surface chemistry of steel were performed by 
synchrotron-based X-ray photoemission electron microscopy (X-PEEM), low energy electron microscopy 
(LEEM), and time-of-flight secondary ion mass spectrometry (ToF-SIMS). The analytical results indicated 
that the mechanically-induced exposure of metallic iron during AFM tests carried out in PP-IL leads to an 
increase in surface coverage of adsorbed phosphate anions together with a change in surface potential. 
Based on these results and atomistic simulations of the configuration geometry of phosphate ions on 
metallic and oxidized iron2, a simple phenomenological model is proposed to account for the observed 
lubrication behavior. 

(1) Gosvami, N. N.; Bares, J. A.; Mangolini, F.; Konicek, A. R.; Yablon, D. G.; Carpick, R. W. Science 
2015, 348, 102-106. 

(2) Ta, H. T. T.; Tieu, A. K.; Zhu, H.; Yu, H.; Ta, T. D.; Wan, S.; Tran, N. V.; Le, H. M. The Journal of 
Physical Chemistry C 2017, 122, 635-647. 

  



Effect of liquid capillarity on microscale indentation of a soft silicone 
substrate 
Justin Glover, Jonathan Pham 
Chemical and Materials Engineering, University of Kentucky 

Indentation and contact between a soft, liquid-coated layer and a stiff surface is observed in several 
everyday situations, from synovial fluid on articular cartilage to adhesives in humid environments. Many 
times the contact between two surfaces is mediated by small contact points, making it important to 
understand small scale beahvior. Studies on soft adhesive contact mechanics of soft surfaces are 
commonly conducted with soft silicone elastomers as model materials, which usually possess 
uncrosslinked molecules (i.e. liquid silicone oil) when the modulus is low. The presence of this liquid near 
the contact line can cause signficnat capillary forces on a small microparticle. We consider a similar 
situation in which uncrosslinked liquid molecules are already placed at a surface prior to coming into 
contact with a glass microsphere. More specifically, we investigate how the thickness of an oil layer 
relates to the indentation depth of the microsphere into a lightly crosslinked PDMS network. A simple 
model that balances the capillary force of the oil layer with the elastic force from the substrate is proposed 
to predict the position of the particle. Interestingly, the vertical force associated with a thin layer of liquid 
on a soft substrate appears to govern the indentation depth of a microsphere into the polymer network. 

  



Drop bouncing dynamics on draining films: the influence of the 
entrained air layer 
Ziwen He, Austin Taylor, Min Y. Pack 
Baylor University 

The characteristic deposition morphology of single droplet impact on smooth liquid films is contingent 
upon the Weber number (We), the balance of inertial and surface tension effects. We demonstrate 
previously unexplored dynamics between droplets impacting super-thin films described by the ratio of the 
liquid film thickness, H, to droplets with diameter, D, where H/D < 0.1. Besides bouncing, delayed merging 
and early merging cases, a new phenomenon which we call ‘contact bouncing’ associated with droplet 
impacting thin liquid film of the same substance at moderate to low normal We = 5 ~ 10 is identified on 
the draining film (0.006 < H/D < 0.025) such that the droplets can rebound with negligible mass losses 
even if the air layer between the droplet and liquid film has been ruptured. To analyze the mechanism of 
‘contact bouncing’, we posit that the ability for the droplet to bounce on the draining film is related to the 
mobility of the liquid film, and the entrained air layer purged by the liquid film initiates the occurrence of 
the contact. Moreover, the effect of droplet size, normal impact speed, as well as the liquid film thickness 
are presented in the phase diagram including bouncing contact bouncing, late merging and early merging 
regimes. 

  



 
Tuning vaporization threshold by interfacial melting in endoskeletal 
and exoskeletal perfluoropentane droplets 
Gazendra Shakya 1, Samuel Hoff 2, Shiyi Wang 2, Hendrik Heinz 2, 3, Xiaoyun Ding 1, Mark Borden 1, 3 
1 Department of Mechanical Engineering, University of Colorado, Boulder, CO, USA 
2 Department of Chemical and Biological Engineering, University of Colorado, Boulder, CO, USA 
3 Materials Science and Engineering Program, University of Colorado, Boulder, CO, USA 

Perfluorocarbon droplets have been used extensively as phase-change contrast agents for ultrasound 
imaging and therapy. The phase-change behavior of these droplets is governed by the interplay between 
intermolecular forces and entropy. Several studies have aimed at understanding the vapor embryo 
nucleation and vaporization behavior of these droplets. However, these studies largely used high 
mechanical index, low-boiling species or solid surfaces that pin the vapor/liquid contact line to initiate 
vaporization. We propose to initiate vaporization through an alternative mechanism: interfiacial melting 
and fluid mixing in an endoskeletal droplet. 

We investigated the synthesis, structure and vaporization behavior of endoskeletal droplets made with 
liquid/solid structures comprising fluorocarbon/fluorocarbon (FC/FC) or fluorocarbon/hydrocarbon 
(FC/HC). Perfluoropentane (n-C5F12) was used as the volatile liquid, and either perlfuorododecane (n- 
C12F26) or solid normal alkane (ranging from 18 to 24 carbon chain length) were used to make 
endoskeletal (solid-in-liquid) as well as exoskeletal (liquid-in-solid) droplets. Vaporization of these 
droplets was observed over a range of temperatures both optically and acoustically using a clinical 
ultrasound scanner. 

We show that the presence of an FC skeleton stabilizes C5F12 against vaporization, even up to 75 oC. 
Conversely, the presence of an HC skeleton facilitated C5F12 vaporization at temperatures below its 
boiling point. Surprisingly, FC/HC endoskeletal droplets vaporized near the melting point of the bulk HC 
phase. Vaporization temperature could be tuned from 23 oC to 45 oC by the choice of HC species. A 
thermodynamic and molecular dynamics analyses indicated that interfacial melting and mixing of the FC 
and HC species within the diffuse fluid interface lowered the spinodal and initiated homogenous 
nucleation. On the other hand, for FC/FC endoskeletal droplets, mixing of C12F26 into the C5F12 
reinforced intermolecular cohesion and raised the spinodal. These results demonstrate how the interplay 
between intermolecular forces and entropy can be manipulated to tune vaporization thresholds, a 
generizable mechanism that could be used in for a large library of droplet components. 
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How does a paint bubble pop? : Rupture dynamics of colloidal soap films

Phalguni Shah, Srishti Arora, Michelle Driscoll

Northwestern University

The rupture of Newtonian soap bubbles has been well-studied. A Newtonian soap bubble ruptures on the timescale of

milliseconds, and this rupture grows at a constant rate, known as the Culick velocity [1]. Inspired by recent work [2] where films

with high surfactant concentration developed crack-like instabilities during rupture, we investigate the behavior of films made of

dense colloidal suspensions. Dense suspensions are an ideal system for these studies, since they enable us to access a range

of non-Newtonian behavior by varying colloidal volume fraction. We systematically study film rupture dynamics for colloidal

volume fractions ranging from 0 to 0.5. To measure the film thickness, we have developed a custom multi-wavelength

interferometry setup. We rupture a flat film containing colloidal spheres (about 700 nm in diameter) and a minimal amount of

surfactant and record it with a high-speed camera at 83,000 frames per second. Surprisingly, the rupture opens at a constant

rate even at high colloidal volume fraction, but this rate is significantly slower than the Culick velocity for Newtonian films.

Furthermore, we observe the rupture speed to be independent of particle size within the Brownian limit. We also find that

rupturing colloidal films exhibit a wide variety of instabilities, and the occurrence of these instabilities is sensitive to film

thickness.

[1] F. E. C. Culick, Journal of Applied Physics (1960)

[2] Petit, P., Le Merrer, M., Biance, A., Journal of Fluid Mech (2015)

Presented by: Shah, Phalguni

Lisa Biswal


Lisa Biswal




Manufacturing Functional Materials from 1D and 2D Nanomaterial 
Dispersions 
Virginia Davis 
Department of Chemical Engineering, Auburn University 

Dispersion processing is one of the most powerful methods for producing bulk materials including 
coatings, films, fibers, and molded or additive manufactured parts. Over the last ten years, the increased 
availability of an array of anisotropic nanomaterials has resulted in significant research into using fluid 
phase processing to transform these tiny building blocks into macroscale functional materials. In all cases, 
understanding dispersion properties including microstructure and rheological behavior has been critical 
to achieving the desired bulk material properties. Such understanding can be achieved by extending the 
foundations provided by colloid and liquid crystal science. This talk will provide two examples from my 
recent research. First, the factors affecting the self-assembly of 1D cellulose nanocrystals into photonic 
films will be described. Second, the formulation and rheology of printable inks of MXenes, a 2D 
nanomaterial, will be described along with the electrochemical properties of printed devices. These results 
highlight the value of using the tools and principles of colloid science to manufacture novel functional 
materials. 

 
 
  



Concentrating gold nanoparticles via anti-solvent precipitation for 
fabricating gold-loaded physically crosslinked PVA contact lenses 
Zhen Liu, Anuj Chauhan 
Colorado School of Mines, Chemical Engineering 

Gold nanoparticles-loaded contact lenses could be useful for many ophthalmic applications including 
protection from laser exposure and ophthalmic drug delivery. Gold nanostructures can be incorporated 
into contact lenses by addition of gold nanoparticles (Au-NP) to the monomer solution followed by 
polymerization in a mold for form contact lenses. Achieving high gold loading in the lenses is a major 
challenge because of compatibility issues between the formulation used for making the gold particles and 
the monomers used for the contact lenses. Here we report a method for designing polyvinyl alcohol 
contact lenses loaded with a high concentration of gold nanoparticles. 

Au-NPs are synthesized via the reduction of gold chloride by citrate ion, which is known as the Turkevich 
method. The particle size of the gold particles can be controlled by adding stabilizers that prevent 
aggregation. In this study, poly vinyl alcohol (PVA) is used as a stabilizer because it can also be used as 
the contact lens matrix. Extensive studies were conducted to optimize the concentrations of PVA, citrate 
ion and the gold precursor to produce monodisperse particles ranging in size from 8 – 13 nm. Also, 
studies are conducted to explore mechanisms through which PVA, and citrate concentrations affect the 
dynamics of particle formation. Direct addition of the gold nanoparticle solution to common contact-lens 
monomeric solutions led to phase separation due to reduced solubility of PVA. It was observed that gold 
particles separated into the PVA phase almost completely and so the phase separation achieved by 
addition of an organic solvent to the PVA stabilized gold nanoparticle suspension could be useful for 
concentrating particles in the PVA-rich gel phase. After anti-solvent precipitation, gold nanocrystals are 
uniformly distributed in Au/PVA nanocomposite, which is characterized via FIB/SEM. The Au/PVA 
nanocomposite can be reversibly dissolved in DMSO/water solution to form particle dispersion with the 
same particle size as in the original aqueous suspension. 

PVA can also be used to form contact lenses so instead of introducing other incompatible monomers, 
Au/PVA contact lens is formed by physical crosslinking method in a 3D printed mold through multiple 
cycles of freezing and thawing process. The physical crosslinking increases with the number of 
freezing/thawing cycles. FESEM imaging shows that particles are uniformly distributed in the contact lens. 
The transmittance of Au/PVA contact lens is characterized by UV-Vis spectrometer within the range from 
200 nm to 1000 nm, and it turns out that UV light is significantly blocked. This method can be used to 
form PVA lenses with a high gold loading of about 15% (w/w). The gold particle loaded lenses could be 
used in many applications including protecting eyes from laser exposure and ophthalmic drug delivery. 

  



Trochoidal Dichroism 
Lauren McCarthy 1, 2, Kyle Smith 1, 2, Xiang Lan 1, 2, Seyyed Ali Hosseini Jebeli 2, 3, Luca Bursi 4, 5, 
Alessandro Alabastri 2, 3, 5, Wei-Shun Chang 1, 2, Peter Nordlander 2, 3, 4, 5, Stephan Link 1, 2, 3, 5 
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3 Department of Electrical and Computer Engineering, Rice University, Houston, TX, USA. 
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Matter’s sensitivity to light polarizations is classically characterized by linear and circular polarization 
effects, corresponding to the system’s anisotropy and handedness respectively. Recent investigations 
into the near-field properties of evanescent waves have revealed polarization states with out-of-phase 
transverse and longitudinal oscillations resulting in trochoidal, or cartwheeling, field motion. Here, we 
demonstrate matter’s inherent sensitivity to the direction of rotation of the trochoidal field and name this 
new property trochoidal dichroism. We observe trochoidal dichroism in the differential excitation of 
bonding and antibonding plasmon modes for a model dimer system composed of orthogonal coupled 
gold nanorods. Trochoidal dichroism introduces a new geometric basis for polarization sensitivity that 
fundamentally differs from linear and circular dichroism. It could inspire the development of nanoantennas 
with complete near-field polarization sensitivity and be used for characterizing molecular systems, such 
as certain light-harvesting biomolecules, with cartwheeling charge motion upon excitation. 

  



Adhesive Multiple Transfer of the Layer-by-Layer Thin Films for 
Flexible Photoreflective Nanolaminates 
Nari Ha, Arum Jung, Bongjun Yeom 
Department of Chemical Engineering, Hanyang University, Seongdong-gu, Seoul 04763, Republic of Korea 

Nanostructured materials and their fabrications are important in the fields of nanoscience and engineering 
for advanced applications. However, the manufacture methods for functional nanomaterials are often 
implacable with the device fabrication processes. Vapor deposition methods with high operating 
temperature and pressure may deteriorate functionalities of nanomaterials. This promotes growth of 
interests on the thin film transfer technology. In this study, we aim to fabricate highly ordered 
nanolaminated structures by adhesive transfer methods that comprised of the layer-by-layer (LbL) 
assembled thin films with highly polar functional nanomaterials. Nanometer thick adhesion layers were 
inserted for successful transfer of the LbL thin films from the donor substrates to the receiver substrates. 
Also, the root-mean-square roughnesses of the thin films were needed to be lower than 200 nm for 
successful transfer. The versatility of the suggested method was demonstrated with various functional 
nanomaterials of Au, SiO2, ZnO and TiO2 nanoparticles synthesized via wet chemistry routes. Also 
diverse types of receiver substrates such as flat and curved glass, Si wafer, and polyethylene 
terephthalate film were utilized in transfer. The fabricated nanolaminated films presented periodic order 
in nanometer scale in depth direction showing photoreflective properties due to 1D photonic crystal 
structures. This transfer method does not need any specific equipment, complicated process, and 
hazardous solvent, that can be advantageous over conventional thin film transfer methods. 

  



 
Stacking dynamics of monolayer graphene particles at a fluid-fluid 
interface 
David Goggin, Ronghua Bei, Joseph Samaniuk 
Chemical and Biological Engineering Department, Colorado School of Mines, Golden, CO 80401 

Understanding the dynamics of particles at fluid-fluid interfaces has attracted considerable interest over 
the past several decades as fluid interfaces create an environment where monolayer thin films can be 
assembled through a ‘bottom-up’ approach. Two-dimensional (2D) materials represent a class of 
anisotropic particles with lateral sizes much greater than their atomic scale thickness, and can exhibit 
properties dependent on the number of stacked layers. Fluid-fluid interfaces provide a means to 
manufacture thin films of various 2D materials, and sequential depositions enable production of multi-
layer structures. Therefore, one must first understand the conditions under which laterally aggregated 2D 
materials at fluid interfaces are capable of stacking on one another in order to reproducibly deposit films 
with controlled thickness. However, these conditions are not yet understood as experimentally deposited 
films demonstrate regions of partially overlapped graphene particles while molecular dynamics (MD) 
simulations demonstrate spontaneous and complete stacking of these same particles. In this work, we 
have investigated the stacking dynamics of monolayer graphene particles at a fluid-fluid interface using 
a combination of MD simulations, experiments, and simple modeling. We will present the results from 
these MD simulations that suggest the energy barrier to particle stacking is related to the surface energy 
penalty required to deform a fluid-fluid interface, which agrees with our proposed model. We will also 
present experimental results that align with our MD simulations and proposed model. 

  



Electrochemical Interfaces for Molecularly-Selective Separations 
Xiao Su 
University of Illinois at Urbana-Champaign 
 
Molecular-level understanding and control of interfacial chemistry is critical for the development of new, 
more efficient separation processes. Redox-active interfaces offer an attractive platform for performing 
selective electrochemical separations. Organometallics, metallopolymers and associated metal-organic 
complexes offer a wealth in flexibility in terms of metal/ligand design, and control of electronic properties. 
First, we discuss the capabilities of redox-active metallopolymer electrodes to enable reversible capture 
and release of anions. The underlying charge-transfer mechanisms are then unraveled by a combination 
of electronic structure calculations and spectroscopy, and leveraged for the selective separation of small 
molecules of value. Second, the capabilities of redox-electrodes are leveraged towards not only selective 
capture, but tandem reactive transformation of emerging contaminants of concern. Finally, we present 
new directions in the structural tuning of redox-polymers for achieving multicomponent ion separations. 
By structural control of the redox-units, we can tune the charge-transfer interactions at the interface, and 
enable precise molecular binding. Our concepts point towards an emerging direction in electrochemical 
interface design – by superimposing properly tuned chemical interactions, we can reach beyond double-
layer effects and achieve unprecedented molecular selectivity. 
 
  



Floor- or ceiling-sliding for chemically active, gyrotactic, 
sedimenting Janus particles 
Sayan Das 1, Zohreh Jalilvand 2, Mihail Popescu 1, William Uspal 3, Siegfried Dietrich 1, Ilona 
Kretzschmar 2 
1 Max Planck Institute for Intelligent Systems, Stuttgart, Germany 
2 Department of Chemical Engineering, City College of the City University of New York, NY, USA 
3 Department of Mechanical Engineering University of Hawai'i at Manoa, Hawai'i, USA 

Chemically active particles achieve force- and torque-free motility via catalytic chemical reactions 
promoted on parts of their surface. These lead to inhomogeneity in the chemical composition of the 
solution ("chemical field") and hydrodynamic flow of the solution. By means of coupling distortions of 
these fields back to its motion, a chemically active particle experiences effective interactions with 
boundaries; this can lead to the occurrence of, e.g., states of steady "sliding" along a wall. 

The often employed Janus spherical particles are density mismatched with the solution and, additionally, 
gyrotactic ("bottom-heavy"); the latter promotes alignment of the axis orthogonal to a horizontal wall. It is 
thus unclear under which conditions sliding states for such particles may occur. Here we study this issue 
theoretically for model gyrotactic, self-phoretic Janus spheres near horizontal planar walls which are 
either below ("floor") or above ("ceiling") the particle. We construct "state diagrams" as a function of the 
sedimentation velocity and gyrotatic response of the particle. These show that in certain cases sliding 
states may emerge simultaneously at both the ceiling and the floor. The predictions are critically 
compared with experimental results. 

  



Self-propulsion of Active Colloids via Ion Release: Theory and 
Experiments 
Marco De Corato 1, Xavier Arqué 1, Tania Patiño 1, 2, Marino Arroyo 1, 3, 4, Samuel Sánchez 1, 8, Ignacio 
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Active colloidal particles that harness chemical energy from the environment and transform it into directed 
motion have attracted great interest in the recent years. Several applications have been envisaged for 
these particles from pollutant removal [1] to targeted drug delivery [2],and anti-cancer therapies [3]. 
However, to manufacture optimized active colloids for specific advanced technological applications one 
has to achieve fundamental understanding of the mechanism that drives their motion and how it is 
influenced by the properties of the surrounding medium [4,5]. For instance, previous studies reported a 
significant influence of the ionic strength on the speed of the active colloid [6], which could be detrimental 
for their applications in biological media. To gather fundamental understanding of the mechanisms driving 
the motion in fluidic environments, we study the self-propulsion of a charged colloidal particle that 
releases ionic species using theory and experiments. We relax the assumptions of thin Debye length and 
weak nonequilibrium effects assumed in classical phoretic models [7]. This leads to several unexpected 
features that cannot be rationalized considering the classic phoretic framework: an active particle can 
reverse the direction of motion by increasing the rate of ion release and can propel even with zero surface 
charge. Our theory predicts that there are optimal conditions for self-propulsion and a novel regime in 
which the velocity is insensitive to the background electrolyte concentration. The theoretical results 
quantitatively capture the salt-dependent velocity measured in our experiments using active colloids that 
propel by decomposing urea via a surface enzymatic reaction. Our results shed light on the propulsion 
mechanism of chemically active colloids far from equilibrium. 

[1] Parmar, Jemish, et al. "Micro-and nanomotors as active environmental microcleaners and sensors." 
Journal of the American Chemical Society 140.30 (2018): 9317-9331. 
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Fuel-driven or dissipative assembly operates under the continuous influx of energy and results in 
superstructures that exist out of equilibrium. Such dissipative processes provide a route toward structures 
and transient behavior unreachable by conventional equilibrium self-assembly. Although perfected in 
biological systems like microtubules and motor proteins, this class of (self-)assembly is still in its infancy 
for synthetic systems. 

Here, we present a novel colloidal system that displays transient clustering driven by a chemical fuel. The 
building blocks comprise polymer particles functionalized with polymers that carry charged moieties on 
their periphery. Addition of fuel results in an increase in hydrophobicity of the building blocks by actively 
removing charges from the polymer corona, thereby driving the particles into a non-equilibrium assembled 
state. Depletion of fuel causes spontaneous reappearance of the charged groups, leading to cluster 
disintegration. This disassembly step is facilitated by the immobilized polymers, which limit the magnitude 
of the attractive interactions between the particles in the assembled state. Upon cluster disintegration the 
system returns to its initial, equilibrium state. By leveraging the cyclic nature of this system, transient 
clustering could be induced several times by sequential fuel injection. 

The fuel-mediated assembly of colloidal building blocks presented in this talk opens new avenues to the 
complex landscape of non-equilibrium colloidal structures, guided by biological design principles. 

 
 
  



Vapor-liquid phase transition and equilibrium of superparamagnetic 
colloids under a high frequency rotational magnetic field 
Kedar Joshi, Lisa Biswal 
Department of chemical and biomolecular engineering, Rice University, Houston, TX, USA 77005 

Paramagnetic colloids undergo a phase transition in the presence of an external rotating magnetic field. 
This phase transition exhibits properties similar to vapor (bulk)- liquid (clusters) equilibrium of a single 
component system. We demonstrate the equilibrium between the cluster and bulk phases under the 
apparent temperature, which in this case, is related to the strength of an external magnetic field. We show 
that the system of paramagnetic colloids has an exponential trend between vapor pressure (particle area 
fraction) vs. apparent temperature, similar to a pure liquid. Additionally, this equilibrium between clusters 
and bulk follows Kelvin’s equation, which relates vapor pressure to the average size of colloidal clusters 
(droplet). Even at a smaller number of particles, these clusters exhibit bulk-like properties compared with 
things made up of millions of molecules. This work demonstrates the potential of the system of 
paramagnetic colloids to learn the microscopic and macroscopic changes as a group of molecules 
manifest a collective behavior and common physical properties from individual molecules. 

  



Non-linear propulsion of active colloids 
 

Jin Gyun Lee and Bhuvnesh Bharti 
Cain Department of Chemical Engineering, Louisiana State University, Baton Rouge, LA 
 
Active particles are dynamic microscopic model systems to mimic the particular motionof living object 
such as bacteria and microorganism. In nature, bacteria and microorganism swim in non-linear motion to 
navigate through complex environments. However, directing the motion of active particles in non-linear 
trajectory has been a challenge due to limitations in fabricating particles of complex shapes and surface 
patches that enable particles to perform such complex motion. Here, we show that the polymeric 
microspheres with metal patch can swim in complex non-linear trajectories when powered by induced 
charge electrophoresis (ICEP). We show that the trajectory of patchy particle can be tuned by the 
symmetry of metal patch and the aspect ratio of ellipsoids. The observed trajectories of the patchy 
particles include helices of variable pitch, shuttling, and periodic motion along the non-linear 3D path. We 
further demonstrate that the non-linear trajectory of the particle enhances navigation through a porous 
membrane which may help in establishing the principles of colloidal transport through structured 
environments and designing the next generation microbots. 



Active Motion of Janus Droplets: Tuning Squirmers via Droplet 
Morphology 
Xin Wang 1, Rui Zhang 2, Ali Mozaffari 2, Juan J. de Pablo 2, Nicholas L. Abbott 1 
1 Smith School of Chemical and Biomolecular Engineering, Cornell University, Ithaca, NY 
2 Pritzker School of Molecular Engineering, University of Chicago, Chicago, IL 

Synthetic emulsion systems exhibit various self-propelled motions and collective behaviors. These 
dynamic states are driven by solubilization of oil from emulsion droplets dispersed in aqueous solutions 
containing high concentrations of surfactant. How the presence and morphology of multiple phases within 
the emulsion droplets influences these dynamical behaviors is not understood. Our experiments start with 
droplets comprised of perfluorobenzene and the nematic liquid crystal E7 that mix to form a single 
isotropic phase; subsequent preferential solubilization of the perfluorobenzene by the aqueous surfactant 
solution leads to a progression of internal droplet phase states, including the appearance of two co-
existing internal phases (one isotropic and the other nematic) with a Janus-like morphology, and 
ultimately a single nematic phase. Accompanying the evolution of internal states of the droplets, we 
observe the trajectories mapped by the droplets to first change from ballistic to spiraling, with a spiral 
radius that increases constantly until the ballistic motion is restored. We will discuss these results in terms 
of the effects of compartmentalization on internal flow and adoption of internal morphologies that minimize 
drag. Additionally, we will describe how strong convective flows inside multiphase droplets can 
reconfigure the droplet morphology by extending and splitting the inner droplet interface. Overall, this 
study advances our understanding of how multi-phase Janus droplets can be used to program dynamical 
behaviors of self-propelled active droplets, knowledge that has the potential to guide the develop of new 
approaches to separations processes, chemical sensing and delivery. 

  



A simple and flexible strategy for the preparation of non-spherical 
Janus particles 
Marco Lattuada, Giovanni Russo 
Department of Chemistry, University of Fribourg 

The preparation of complex colloidal particles, i.e. particles with non-spherical shape and asymmetric 
functionality, also known as Janus particles, has been the subject of numerous investigations in the 
literature. In spite of the broad variety of methods proposed over the last two decades, the preparation of 
Janus particles with controlled size, shape, functionality still remains a burden, requiring often complex 
protocols, numerous tedious steps and leading to low quantities of products, making scale up impossible. 
Furthermore, the reproducibility of many such methods is often limited at best. The objective of this work 
is to fill the existing gap, by proposing a simple, reproducible and very flexible method to prepare polymer-
based colloidal particles in the micron and sub-micron size range, with non-spherical shape and 
asymmetric functionalization. The method typically starts with simple polystyrene particles as seeds, 
prepared by means of surfactant free-emulsion polymerization, and is followed by an activated swelling 
step with methyl-methacrylate and glycidyl methacrylate, and dioctanoyl peroxide as both initiation and 
activated agent, and by free radical polymerization to consolidate the particles. This type of 
polymerization, pioneered by Ugelstad and co-workers about three decades ago, leads to a wide variety 
of Janus particles, with polystyrene confined on one part of the particle surface and the acrylates on the 
other side. The acrylate size can be functionalized, since the procedure can be applied to a plethora of 
functional acrylates, with glycidyl methacrylate being one example. The shape and size of such particles 
can be controlled by controlling the swelling ratio during the second step by tuning the swelling ratio 
(PS/MMA). Shapes ranging from dimpled particles, to flattened spheres to diamond-like particles can be 
easily prepared, as shown in the figure. In addition of being highly reproducible, size controllable by 
choosing the appropriate seed size, the particles can be easily prepared in very large quantities, making 
a unique example of how Janus particles can be readily and flexibly synthesized. 

  



Dynamics of DNA-linked Colloidal Filaments under Asymmetric 
Time-Varying Magnetic Fields 
Aldo Stefano Spatafora-Salazar, Sibani Lisa Biswal 
Department of Chemical and Biomolecular Engineering, Rice University 

Chains of aligned and linked superparamagnetic particles actuated by time-varying magnetic fields exhibit 
diverse dynamical behaviors that depend on the field parameters and filament properties. Their motion 
has applications in microscopic manipulation of fluids and to model systems of active filaments. These 
dynamics can be described by the competition between viscous, elastic, and magnetic forces during chain 
actuation. However, current literature has focused mostly on filaments under symmetric (circular) time-
varying fields of constant strength. Here, we explore the novel dynamics of DNA-linked magnetic 
microparticles by applying an asymmetric (eccentric) time-varying field, characterized by nonconstant 
field strengths. Under such circumstances the chains bend and straighten repeatedly because the relative 
importance between magnetic and viscous forces varies within a field period. The extent of buckling in 
the bent configurations is affected by chain length, field strength, frequency, and ellipticity; possibly due 
to the filament’s magnetoelastic relaxation time. Additionally, the chains transverse slowly while 
undergoing these conformational changes. Although translation is not observed under conventional 
symmetric fields, this propulsion might be a consequence of internal elastic heterogeneities caused by 
nonuniform particle linkages rather than a direct result of the asymmetric field. 

  



Collective migration of bacteria in disordered media 
Tapomoy Bhattacharjee 1, Daniel Amchin 2, Felix Kratz 2, Jenna Ott 2, Sujit Datta 2 
1 Andlinger Center for Energy and the Environment, Princeton University 
2 Department of Chemical and Biological Engineering, Princeton University 

While bacterial motility is well-studied on flat surfaces or in unconfined liquid media, most bacteria are 
found in disordered porous media, such as biological gels and tissues, soils, sediments, and subsurface 
formations. Understanding how porous confinement alters bacterial motility is therefore critical to 
modeling the progression of infections, applying beneficial bacteria for drug delivery, and bioremediation. 
We recently discovered that isolated cells of E. coli move through disordered media via intermittent 
hopping and trapping, reminiscent of thermally-activated transport. Here, we use direct visualization and 
3D bioprinting to investigate how this behavior manifests in multicellular communities in porous media. 
We find that cellular chemotaxis drives collective migration—and that this process depends sensitively 
on pore-scale confinement, colony density, and differential metabolism of nutrients. Our results thus 
expand the current understanding of collective migration, which focuses on populations in homogeneous 
environments, to the case of bacteria in disordered porous media.  

 
  



Assembly and reconfiguration of clusters formed by isotropic and 
anisotropic colloids 
Ahmed Al Harraq, Jin Gyun Lee, Bhuvnesh Bharti 
Cain Department of Chemical Engineering Louisiana State University Baton Rouge, LA 

Suprastructures at the colloidal scale must be assembled with precise control over local interactions to 
accurately mimic biological complexes. The toughest design requirements include breaking the symmetry 
of assembly in a simple and reversible fashion, to unlock functions and properties so far limited to living 
matter. We demonstrate a simple experimental technique to program magnetic-field-induced interactions 
between metallodielectric patchy particles and isotropic, non-magnetic ‘satellite’ particles. By controlling 
the connectivity, composition and distribution of building blocks, we show the assembly of three-
dimensional, multi-component supraparticles which can dynamically reconfigure in response to change 
in external field strength. The local arrangement of building blocks and their reconfigurability is governed 
by a balance of attraction and repulsion between oppositely polarized domains, which we illustrate 
theoretically and tune experimentally. The assembled supraparticles are stabilized and recovered via 
photo-chemical manipulation of electrostatic interactions, using a photo-acid generator. Tunable, bulk 
assembly of colloidal matter with predefined symmetry provides a platform to design functional 
microstructured materials with pre-programmable physical and chemical properties. 

 
 
 
  



Imaging and Interferometric Analysis of Anisotropic Particles at 
Fluid Interfaces Under the Influence of External Electric Fields 
Samuel Trevenen, John Klier, Peter Beltramo 
UMass Amherst 

Externally directed assembly of anisotropic colloidal particles at liquid interfaces offers a bottom-up 
approach to fabricate two-dimensional materials. Anisotropic colloids pinned at air-water interfaces by 
capillary forces must maintain a constant contact angle as per Young’s Equation. This causes undulations 
in the contact line due to anisotropic particle curvature to produce peaks and valleys in the fluid interface 
surrounding the particle, which influence interparticle interactions and the ultimate assembly. By 
modifying the contact line through changes in solution conductivity, particle surface charge, or external 
fields, the free energy landscape and configuration of particles at the interface can be controlled. This 
talk will go over recent work exploring the electric field-induced dynamics of anisotropic particles at 
interfaces as well as in bulk using a combination of Mirau interferometry, particle tracking and image 
analysis. Polymer microellipsoids were made by a new method of applying gradient strain to obtain a 
wide array of monodisperse ellipsoidal samples in one single batch. Measurements of particle dynamics 
in bulk and at the interface under various electrode geometries were performed in order evaluate the 
torque on an ellipsoid due to an external AC electric field. Currently, a new technique is being developed 
to apply Mirau interferometry to monitor the change in contact line undulations surrounding an ellipsoid 
at an air-water interface due to an electric field. By doing so, an improved understanding of the field-
induced manipulation of anisotropic particles at liquid interfaces will be achieved.  

 
  



Oxidation and stabilization of colloidal 2D MXene nanosheets 
Xiaofei Zhao 1, Touseef Habib 1, Smit Shah 1, Aniruddh Vashisth 1, Evan Prehn 2, Dustin Holta 2, Zeyi 
Tan 2, Jodie Lutkenhaus 1, Miladin Radovic 2, Micah Green 1 
1 Artie McFerrin Department of Chemical Engineering, Texas A&M University 
2 Department of Materials Science & Engineering, Texas A&M University 

MXenes, such as Ti3C2Tx and Ti2CTx, are fascinating 2D nanomaterials with an attractive combination of 
functional properties suitable for applications such as batteries, supercapacitors, and sensors. However, 
fabrication of devices and functional coatings based on MXenes remains challenging as they are prone 
to oxidize and degrade rapidly in aqueous and humid environments. MXenes have been found reacting 
with water molecules and dissolved oxygen resulting in structural and chemical degradations. We 
examined the oxidation of MXene nanosheets in various media (air, liquid, and solid) via multiple types 
of measurements to assess their performance and shelf stability. The degree of MXene oxidation was 
found being directly reflected on the electrochemical property and structural changes such as electrical 
conductivity and the Ti(IV) content detected by X-ray Photoelectron Spectroscopy. The oxidation rate of 
MXene nanosheets was observed fastest in liquid media and slowest in solid media and can be 
accelerated by exposure to UV light. We discovered that the oxidation rate can also be influenced by the 
presenting ions in MXene dispersions. More importantly, we demonstrated an effective method to retard 
the oxidation of colloidal Ti3C2Tx and Ti2CTx MXene nanosheets by introducing antioxidants such as 
sodium L-ascorbate, ascorbic acid, and tannic acid. The success of the method is evident in the stable 
morphology, less-changed structure, and colloidal stability of MXene nanosheets. Even in the presence 
of water and dissolved oxygen, the electrical conductivity of Ti3C2Tx nanosheets treated with sodium L-
ascorbate was orders of magnitude higher as compared to untreated ones after long storage. The 
conductivity changes also reveal that the resistance to oxidation persists in the dehydrated MXenes as 
well. The experimental findings are supported by reactive molecular dynamics simulation (ReaxFF). Our 
findings have the potential to be generalized to protect other types of MXenes as well and solve the most 
pressing challenge in the field of MXene engineering. 

  



Self-assembly of size- and shape-controlled 2D materials at an air-
water interface 
David Goggin, Joseph Samaniuk 
Chemical and Biological Engineering Department, Colorado School of Mines, Golden, CO 80401 

Two-dimensional (2D) materials are a set of (sub-)nanometer-thick materials that have attracted interest 
across scientific disciplines due to unique quantum confinement phenomena in such materials. There 
have been significant efforts to exploit these phenomena in thin-film technologies, and fluid-fluid 
interfaces can act as a low-cost and high-throughput construction site to confine, assemble, and deposit 
thin films of 2D materials onto arbitrary substrates. Functional film properties are governed by film 
morphology, which in turn is dependent on the dynamics of self-assembly. Therefore, one must 
understand the forces involved in particle self-assembly to engineer thin films with desirable properties. 
Recent developments have enabled direct visualization of atomically thin materials at fluid-fluid interfaces, 
but there are open questions regarding how these particles interact at such interfaces because of the 
disparity in the nanoscopic (thickness) and microscopic (lateral size) length scales of these particles. 
Additionally, it is not understood how 2D particle shape influences the interactions and assembly of these 
materials at fluid-fluid interfaces. In this work, we have investigated the self-assembly and resulting 
interfacial morphology of size- and shape-controlled monolayer graphene particles at an air-water 
interface. We will present the process for creating these particles, and their subsequent transfer from 
chemical vapor deposition (CVD) growth substrate to a fluid-fluid interface. We will also discuss results 
from this ongoing study regarding the influence of 2D particle shape on self-assembly and interfacial 
morphology. 

  



Multiscale dynamics of colloidal deposition in porous media 
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Diverse processes—e.g. groundwater remediation, oil recovery, and drug delivery—rely on the transport 
and deposition of colloids in disordered, three-dimensional porous media. Here, we use confocal 
microscopy to directly visualize this process in situ. We find that while the pore-scale distribution of 
deposited particles is sensitive to particle charge, their macroscopic distribution can be tuned by imposed 
pressure in unexpectedly similar ways for particles of different charges. At high injection pressures, 
particles are both deposited in and eroded from the pore space continually, enabling them to be deposited 
throughout the entire medium. Conversely, at low pressures, the relative influence of erosion is 
suppressed, causing particles to be localized near the inlet of the medium. Guided by these findings, we 
develop a model that quantitatively describes the permeability evolution of the overall medium. Our results 
thus elucidate the multi- scale interactions between fluid, particles, and a porous medium during colloidal 
transport. 
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Low molecular weight, amphiphilic diblock copolymers in selective solvent exhibit complex phase 
behavior and macroscopic properties that affect the processing and application of these materials. The 
amphiphilic nature of the diblock copolymer molecules drives assembly of micelles. For a given polymer 
architecture, concentration, temperature, and solvent quality, micelles will form crystalline lattices known 
as lyotropic liquid crystals (LLCs). The mechanical properties of these concentrated solutions arise from 
the crystalline structures and sample history. 

Here we use SAXS data taken at the APS at Argonne National Lab to study the impact of oscillatory 
shear on the micellar crystal structures seen in Brij-58 (C16E20). This system has multiple accessible 
LLC packings including body-centered cubic (BCC), face-centered cubic (FCC), hexagonally close-
packed cylinders (Hl), Frank-Kasper Sigma (σ), and Frank-Kasper A15 (A15) [1]. We initiate a metastable 
BCC packing, by rapidly cooling from the Hl state. Under static conditions, the subsequent transition to 
the equilibrium A15 phase occurs over the span of 5 months. We show that oscillatory shear can be used 
to adjust this timescale to achieve the equilibrium state in a matter of minutes. The effect of amplitude 
and frequency on this timescale is discussed. To the best of my knowledge, this is the first demonstration 
of shear processing to drive the transition to equilibrium structures in block copolymer melts or solutions. 

The phase changes in concentrated block polymer solutions can be quite rapid, or take place over the 
span of months. These structural changes can be accompanied by drastic changes in material properties. 
This presents unique challenges during small and large scale processing, as a well behaved liquid mixture 
can suddenly become an immovable glass within minutes. We aim to understand how processing these 
materials with shear flows affects these phases and phase transitions. 

[1] Jayaraman A, Zhang DY, Dewing BL, Mahanthappa MK (2019) Path-Dependent Preparation of 
Complex Micelle Packings of a Hydrated Diblock Oligomer. ACS Cent Sci. doi: 
10.1021/acscentsci.8b00903 
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Newtonian droplet rebound is well studied on various surface types (i.e., wettabilities and roughness) 
whereas less is known regarding the non-Newtonian effects on droplet rebound. Moreover, the recent 
discovery of thin air gaps which allow droplets to bounce on air further complicates the dynamics. Under 
laboratory conditions, droplets may bounce on air so there is no contact line to dissipate the energy. In 
this study, we investigate the role of the polymer concentration on droplets bouncing on air. We visualize 
the impact dynamics of aqueous dilute PEO droplets (0 – 200 ppm, 4 MDa) on thin viscous silicone oil 
films (≈10 µm thick) by high-speed total internal reflection microscopy (TIRM). The thin film provides 
effectively a smooth surface which we have confirmed by direct visualization. In addition, particle tracking 
velocimetry (PTV) is used to quantify the flow within the droplets. Based on our measurements, we argue 
that the large strain rates induce a large extensional viscosity near the middle of the droplet close to the 
substrate, which prevents the collapse of the top surface of the droplet over the underlying air film, thus 
allowing the droplets to bounce. 

  



Dynamic mobility of surfactant stabilized nano-drops: unifying 
equilibrium thermodynamics, electro-kinetics and Marangoni effects 
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A theoretical analysis of the dynamic electrophoretic mobility of surfactant stabilized nano-drops is 
presented. Whereas the theory for rigid spherical nanoparticles is well developed, its application to nano-
drops is questionable due to fluid mobility of the interface and of the surfactant molecules adsorbed there. 
At the megahertz frequencies of electroacoustic (and other spectral-based) diagnostics, the interfacial 
concentration gradients are dynamic, coupling electro-migration, advection and diffusion fluxes. This 
study addresses a parameter space that is relevant to anionic surfactant stabilized oil-water emulsions, 
using sodium-dodecyl-sulphate stabilized hexadecane as a specific example. Here, the drop size 
motivates thin-double-layer approximations, leading to a closed-form analytical solution. The theory 
demonstrates that fluid mobility and fluctuating Marangoni stresses can have a profound influence on the 
magnitude and phase of the dynamic mobility. We show that the drop interface transits from a 
rigid/immobile one at low frequency to a fluid one at high frequency. This model is also the first to unify 
electro-kinetics and equilibrium interfacial thermodynamics. Thus, with knowledge of how the interfacial 
tension varies with electrolyte composition (oil, surfactant and added salt concentrations), the particle 
radius may be adopted as the primary fitting parameter (rather than the customary zeta-potential) from 
an experimental measure of the dynamic mobility. 
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The first experimental investigation of the behavior of spherical amphiphilic glass particles, i.e., Janus 
particles, near oil/water was done by Casagrande et al. in 1989. Ever since their initial work, continued 
attention has been devoted to developing the field of Janus particles. In some of these studies, it was 
observed that these particles show a strong tendency of being adsorbed to the oil/water interface 
compared to their homogeneous analog, making Janus particles promising candidates for many 
applications such as emulsion stabilization, oil recovery, and cosmetics. More recently, active Janus 
particles have become of interest and with it their behavior near interfaces ranging from investigations of 
the dynamics of a single particle to their self-assembly at air/water and oil/water interfaces. 

Although various aspects of the behavior of Janus particles near liquid/liquid interfaces have been studied 
through different experimental and theoretical realizations, the effect of motility on the behavior of Janus 
particles near liquid/liquid interfaces has not been investigated. In our study, we demonstrate our ability 
to engineer the behavior of highly interfacial active Janus particles near a water/oil interface by introducing 
motility to the system. Passive, i.e., non-motile, platinum-caped silica (Pt-SiO2) Janus particles are 
fabricated using PVD. They exhibit a strong tendency to attach to water/oil interfaces with the Pt cap 
facing the oil and the SiO2 side facing the water phase. In contrast, we show that active, i.e., motile Pt-
SiO2 Janus particles in the presence of H2O2, approach the interface, orient in a sideways fashion with 
the Janus boundary perpendicular to the interface, and then swim in the vicinity of the interface similar to 
observations reported near solid/liquid interfaces. 

 
 

 


