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Developing Methodology for Description of Material Dynamics Professional Networking

Our expanding network includes other PREMs, MRSECs, CRESTSs, REUSs, and “
Minority Serving Institutions across the country and international research institutes as w
Through this network we provide students of all levels comprehensive professional

The focal topic of the research effort is the dynamics of material synthesis, an area that is both
a crucial and poorly understood aspect in materials science. The simulation and modeling of

dispersed systems are CCNY strengths, which mesh well with the central Chicago MRSEC development, mentoring, and training/e also provide industrial opportunities for our
goal of deriving design principles for neyéneration materials. A number of material students through grants, and internships with leaders in industry:
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Graduate Research FellowshipPREM funding is currently supporting six Doctoral
Fellows working on a range of problemai Gu is working with Profs. Watkins and
Koplik on a hybrid simulation method for condensation processes at nanometer scale;
*Lorraine Leon is working with Prof. Tu on assembly of biomolecules at interfaces;
*Luz Amaya is working with Prof. Lee on lattikigoltzmann simulation of bubble and
drop formation in microchannel flows; Ehssan Nazockdast is working with PI1 Morris on
theory and simulation of the microstructure in dense colloidal suspensions in shear flow;
Samaneh Farokhirad is working with Prof. Lee on LBM simulation of droplets under
sheer flow; Nneoma Ezeude is working with PREM Affiliate Prof. George John on new
biobased amphiphiles as molecular gelators.

PREM supported graduate students are fully funded receiving $30,000 in stipends a
annually, tuition, and health insurancgtudents are also granted travel stipends to attend
professional meetings, and present at national and regional research
conferences.To be considered for a PREM Graduate Fellowship, applications must be
submitted by February 15th for the Fall semester.

* These students have successfully completed their doctoral training and have gone on to academic
and industrial positions.

PostDoctoral Fellowship We are fully committed to the success of all pibmttoral
researchers at City College, as evidenced by several who have worked with participating
faculty and gone on to academic positions in the US and abroad. (e.g. the CNRS in
France). Professor Koplik coordinates mentoring activities, focusing efforts on post
doctoral fellows. Our commitment to postdoctoral fellows who are supported by the
PREM program is to provide them in a rich scientific environment through the
partnership with the Chicago MRSEC, to provide career path guidance, to use the PREM
experience to develop their awareness of the importance of expanding opportunities for
access to STEM careers to undepresented groups, and to collaborate effectively with
scientist in other disciplines with diverse backgrounds.

Professional Development for Ki12 STEM Educators

PEPSE:Partnership in Experimental Physical Science Education is an initiative
designed to create collaborative partnerships between the CCNY PREM research
community and local areas high school. The goals of the partnership are to increase ac-
cess to materials research for teachers and students, to promote collaborative teaching
projects in partner high schools, to increase awareness of Materials research and career
opportunities in related fields, and to broaden participation of uegeesented groups

in Materials Science and Engineering.

Current activities under this initiative include:

Professional development workshops for high school teachers

Research experience for teachers

9-12 Experimental Science curriculum development

Teaching Fellows Program

Labs visits

S

Scope of Work

The simulation and modeling of dispersed

systems are CCNY strengths, which mesh well with
the central Chicago MRSEC goal of deriving design
= principles for nexigeneration materialsThe focal
SRy A topic of the research effort is the dynamics of

, EDV ‘A;M CS mgterial synthesis, an area that is >t/)oth a crucial and
poorly understood aspect in materials scierfe.
number of material formation processes, including
assembly from finely divided particles due to deposition processes from drops, are
far from equilibrium. Even when the ultimate assembled structure is an
equilibrium structure, the demands of economics require rapid manufacturing of
materials, and it is thus essential to promote the assembly through
non-equilibrium forcing. Far from equilibrium conditions render modeling of
material processing in heterogeneous systems difficult. In these cases, numerical
simulation techniques based on understanding of dynamics of the discrete
components of the mixture provide an avenue to understanding of the underlying
physics. The controlling parameters can be identified, and the simulation results
support development of highly desirable constitutive models and bulk modeling.
The overarching goal of the research in the C@Bhicago PREM is thus to

develop methodology for description of material dynamics, with potential for
major impact across many fields.

A)

We build on longstanding leadership in soft materials topics including Rheology,
Fluid Mechanics, Interfacial Phenomena, and Surfactant Science. The PREM will
address dynamics of heterogeneous and particulate systems. Such systems contain
two or more relevant phases, with everyday examples including slush
(snowwater slurry), mud, and such consumer products such as hand creams
(often emulsions). In the present context, the interest is associated with the use of
finely-divided particulates in making novel materials, and in deepening
understanding of their use in existing materials for example as a precursor to a
solid final product, (e.g. cement\)/e will investigate the fundamental dynamical
processes in heterogeneous and particulate systems, with special attention to
issues arising in making novel materials.

The overarching goal, common to all of our Interdisciplinary Research Groups
(IRGS), is to produce the design principles for the next generation of materials.
Each of the three IRGs addresses a fundamental issue applicable to a broad class
of materials. Our ambitious programs attack some of the deepest challenges of
materials research. Common themes include investigating materials formed far
from equilibrium, exploring new paradigms for materials fabrication and response
especially at the micrand nanescale, and exploiting feedback between structure
and dynamics. These themes, reappearing in each IRG described below, deal
important basic problems exploring design principles that are far from
conventional and whose prospects are far from certain.



Participants

The CCNY PREM partnership is between a group of seven faculty and their research
groups at the City College of New York (CCNY) with the MRSEC at the University of
Chicago. At Chicago, the focus of the MRSEC is to develop design principles for the
next generation of materials. The program, with a focus on experimental studies,
involves a number of established international leaders in soft material physics and has
made many valuable contributions to material physics in recent years.The mission of the
PREM is to establish a leadership position in the dynamics of massridghesis at

CCNY through partnership with the Chicago MRSEC. Capitalizing on CCNY strength
in dynamic simulation, modeling, and experiment, a {targ) synergistic relation will

be developed with Chicago, by complementing the leading edge experiments and
analytical theory in the MRSEC.

The Chicago Materials Research Center (MRSEChas established a highly
successful, multidisciplinary approach to issues of technological importance at the
forefront of materials research. The overarching goal, common to all of our
Interdisciplinary Research Groups (IRGS), is to produce the design principles for the
next generation of materials. Each of the three IRGs addresses a fundamental issue
applicable to a broad class of materials. Our ambitious programs attack some of the
deepest challenges of materials research. Common themes include investigating
materials formed far from equilibrium, exploring new paradigms for materials
fabrication and response especially at the métale and nanscale, and exploiting
feedback between structure and dynamics. These themes, reappearing in each IRG
described in the linked paged below, deal with important basic problems exploring
design principles that are far from conventional and whose prospects are far from cer-
tain.

Examples of issues where direct interaction of simulation and experimental
investigation are possible through the partnership include jamming and relaxation of
dense colloids and granular materials (University of Chicago MRSEC Individual
Researh GroupIRG3: Nagel, Jaeger, Witten, Dinner; CCNY: Morris, Shattuck,
Koplik), drop impact and spreading (IRG1: Nagel, Zhang; CCNY: Lee, Koplik,
Watkins, Morris), nanoparticle assembly including cases of Janus or other anisotropic
particles (IRG 2: Talapin, Witten; CCNY: Kretzschmar, Koplik, Morris), and
biomolecular assembly into fibril and sheet structures (MRSEC Seed; CCNY: Tu,
Koplik). The last project is one, which guides understanding of biological material
formation and is a potential templating route to epitaxial formation of 3D materials.

Interdisciplinary Research Groups
The particular mission of the CCNY team is to develop methods allowing simulation

and modeling of the systems of interest. The work will use close interaction with
experiment to develop and validate effective simulation tools, which probe phenomena
in the flow and assembly processes encountered in making novel materials. Areas in
which CCNY has leading expertise in simulation are molecular dynamics (Koplik),
colloids and suspensions by Stokesian Dynamics and &iikemann methods or

LBM (Morris), multiphase and gdguid LBM (Lee), and discretelement method for
granular systems (Shattuck); Morris and Shattuck also have established expertise in
constitutive modeling and its application to bulk flow modeling of suspensions and
granular media, with much of this work coupled to discrete simulations. This array of
problems divides naturally into three research focus areas:

Education Initiatives

The CCNY PREM vision is to provide highest quality research and education
opportunities in materials science through a studentered programThe

excitement of the discovery process is used to encourage participation, while
extensive mentoring and education in the culture of the scientific enterprise is
provided to maximize participants' potenti&@tudents of all levels ranging from high
school to post doctorate benefit from the 360° professional development initiatives
designed and implemented by CCNY PREM faculExperienced CCNY faculty
design advanced coursework and curricula, novel recruitment programs, leading edge
research and mentoring programs, all with the special focus of providing
studentswith well rounded experiences in academia and induRRBEM supported
students move forward equipped with the intellectual and professional resources
necessary to advance to the next level in their careers.

High School Research Internshipdhe focus of this outreach is to bring high school
students into the research effort, and to use this as an opening to invite broader participation in
STEM. The program consists of three different modules. First, an intenseeefeprogram

or "camp" focused on a single techniqehe second module allows the students a chance to
get oriented to the research over-& mhonth period, so that they can make optimal use of the
intensive third module. During the summer, students in the 3rd module sp&@dhbairs per
week finishing their project, culminating in a research paper which will be submitted to the
Intel Talent Search, and other local competitioms.addition to these research experience
programs, we plan on offering visiting science labs to local NYC high schools, and teacher
continuing education science courses to broaden the impact of our high school program and
increase program sustainability.

Research Experience for UndergraduatesREU. Our partner institution, Chicago
Materials Research Center, and the Chicago University Department of Physics host an annual
NSF funded Research Experience for Undergraduates program during the summer
months. Up to 20 internships are awarded each year to students interested in Physics or
interdisciplinary Materials Scienc& he ten week program runs from mid June to mid
August. Studentare provided with free on campus housing, a stipend of $4500 to cover
expenses, and up to $450 in travel reimbursement.

Possible research areas incluB@mphysics, Condensed Matter Physics, Cosmology and
Astrophysics, Particle Physics, Space and Cosmic Ray Physics, Materials Chemistry,
Nanoscience, Nonlinear Dynamics and Chaos, Complex Fluids and Polymers, Spectroscopy
of Materials, and Ultracold Atoms.

Undergraduate FellowshipsThe CCNY team has an exemplary proven record of taking the
lead in involving undergraduate students in research. Kretzschmar has had over 30 UGs work
in her | aboratory over the |l ast 5 years, M P
at CCNYO pr 62008 which pravide?l NEBUpported stipends and guidance to 8
UG researchers in several groups including his own and those of Kretzschmar and Tu;
Shattuck has successfully guided undergraduates in research. Watkins has initiated a novel
program in which students in Mechanical Engineering perform senior design projects building
laboratory apparatus with research Pls as the clients; Morris has been involved in this effort
and one device in his laboratory, designed and built by a CCNY ME student, is the
centerpiece of a recent publication. PREM also provides Fellowships for

undergraduates to continue working on projects initiated during REU training.
Undergraduate Fellows receive $7200 per annum in stipends.
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Non-Equilibrium Enhanced Statistical Sampling of Particulate Systems: Faculty: Research Group 1: Vapor-liquid and Gas-liquid Systems

(CCNY) M. D. Shattuck, (Chicago) A. Dinner; PhD_Students: (CCNY) Z. Chen, A.

Hubard. Joel Koplik, Ph.D.
Objective: Determine the probability of finding a naguilibrium particulate system in a Professor ph,"s'“

. . - . Phone: (212) 650-8162
particular state using enhanced statistical sampling ETriad © st e i

..k'a .l“‘J --’.'C | 4 {‘:u

Results: Previous experiments show that shaken particles exhibit behavior similar to
crystallization (freezing) in ordinary materials. In small particulate systems, we find that the
state can fluctuate between fAgaso and fAcrystalo 5 tTeehunlesh®k i ng strength. We

Ast. Professor Mechanical ENG
Phone: (212 ) 650-6122
E-mail: thilee@cony cuny edu

measured the fraction of time spent (probability) at each density. We find that the probability
distribution is consistent with ordinary thermodynamic concepts even though the system is far
from equilibrium. To understand the origin of the two states we conducted simulations
without dissipation, which show similar behavior. We have determined the probability of
finding the system with a particular kinetic energy and density. For a particular fixed kinetic
energy there are two states that are equally probable.

Plans: These simulations can be done for small systems directly, but for larger systems the
probability of fluctuation from one state to the other becomes very small. Therefore, we are
applying new techniques based on enhanced sampling developed by A. Dinner. We will also
incorporate dissipation where the kinetic energy will no longer be the dominant state variable.

Charles watkins, Ph.D.
professor Mechanical ENG
Phone: (212) 650-5439

Email : Watkins@ccny cuny edu

Particle-Laden Liquid Bridge: Faculty: (CCNY) M. D. Shattuck, J. F. Morris (Chicago)

H. Jaeger; Post Doc: (Chicago) J. C. Burton; PhD_Students; (CCNY) T. Proctor,
(Chicago) M. Miskin.

Objective: Determine behavior of particladen fluids in situations where surface tension is
important.

llona Kretzschmar, Ph.D.
Assocate Professor Chemical ENG
Phone: (212) 650-6769

Results: We have developed coordinated experimental and computational techniques to Emad : KretzschmarSccny cuny edu

explore the flow behavior of these systems. Due to surface tension, fluids can be suspended

bet ween the flat ends of two cylinders in a dAliquid Il n experi ments, we vary t
height and measure the forces and bridge shape to determine the response of thiagarticle R nd Tu, Ph.O.

fluid. We simulate the liquid bridge using a new hybrid technique combining direct particle
trajectory calculations with a grdased model for the surface of the fluid. By combining
experiments and simulation we have unprecedented access to information on both particle
details and overall fluid response to external stress.

Ast, Professor Chemical ENG
Phone: (212) 650-7031

Emad : Tu@cony. cuny edu

Plans: We plan to validate the computational model with detailed experiments. We will use
the liquid bridge results to enhance our understanding of drop formation and impact in particle
-laden fluids.

George John , Ph.D.

Assocate Professor Chemistry
Phone: (212) 650-8353

Emaid : John@&scL cocny cuny.edu

Dynamic Crystallization in Particulate Flow: Faculty: (CCNY) M. D. Shattuck,
(Chicago) S. R. NagelPhD Students;(CCNY) Aline Hubard.

Objective:Determine a dynamic equation of state, which is appropriate for all dry particulate
flow condition® from rapid to static.

Results:Particulate systems are very far from equilibrium, even in stetdy due to energy

loss during particle interactions. To explore this effect, we computationally studied the flow

of inelastic disks under shear. We segment the areas around the particles (disks) into

polygons using Voronoi tessellation and determine the extent of crystallization using the

number of sides and area. We find a dynamic coexistence of crystal regions in the center of

the domain where the fluctuating kinetic energy is low with disordered regions where this

energy is larger. This is analogous to the crystal structures that are formed when molecular

systems freeze at low temperatures (low fluctuating kinetic energy). To investigate this

crystatgas phase transition further, we have also investigated several other systems. We
consistently find coexistence or fluctuations betwee

Jeff Morris, Ph.D. PREM P1I
professor Chemical ENG
Phone: (212) 650-6844

Emaid : Morps@Eoony cuny edy

Mark Shattuck, Ph.D. Co-PI
. Assocate Prafessor Physics

fist at.eo as ranidom i
hond: 2f>0ss0lsd 9 ( )
Emad : Shattuck@cony cuny adu




Current Projects

IRG 1: Vapor-liquid and Gas-liquid Systems
Multiscale Interfacial Transport: Faculty: J. Koplik, C. Watkins; Postdoc K. Gu

Objective: To study the dynamics of liquidapor systems, in situations wheie flow do-
main includes both regions where molecular resolution is needed and much larger regions for
flow development.

Results: A new hybrid molecular simulation method with interphase boundary definitions
(developed previously under PREM support) was employed to study the condensation of
saturated argon vapor flowing tangentially across a stationary cooled substrate, at nanoscale
resolution. Unsteady and quaseady interfacial properties and heat and mass transfer pa-
rameters were analyzed. Results within the Knudsen layer were compared with kinetic theory
analytical and molecular simulation results.

Plans: One class of problems that will be an immediate priority for further application of the
method is condensation and evaporation of nanodroplets and piadieie nanodroplets on
solid substrates.

Droplet impact and splash phenomena:Faculty: T. Lee, J. Morris,H. Jaeger,W.
Zhang; Postdoc: K. Connington ; Student: M Miskin (Chicago)

Objectives:Provide a detailed understanding of experiments on splashing in which it was
observed that liquid and interfacial properties and gas compressibility have significant ef-
fects.

Results:Our numerical simulations of micrestale water drop impact on dry surfaces using

a twaodistribution lattice Boltzmann equation (LBE) method find that the dimensionless di-
ameter and height of the drop compare well with experimental results. We find that the evo-
lution of the drop on substrate after initial spreading is most sensitive to the wall free energy
and at high contact angles, more kinetic energy converts to wall free energy leading to re-
bounding. In bubble formation in a microchannel, we find three regimes: squeezing, drip-
ping, and jetting, from low to high Capillary numbé&aj respectively. The change from
squeezing to dripping regime occurs when shear forces overcome the interfacial forces of the
system, and the transformation from dripping to jetting regime is produced by the Rayleigh
Plateau instability.

Plans: We will improve LBM by adding dropledir interface tracking for extreme deforma-
tion, resolving contact line singularities, incorporating the effects of the substrate wettability,
and allowing compressibility variations of surrounding air phase.

Drop formation and impaction: liquids and dispersions:Faculty: T. Lee, J. Morris, W.
Zhang, S. Nagel, H. JaegePost Doc:K. Connington; Student S. Farokhirad (CCNY),

Objective:We will examine the drop formation and impaction processes for both pure and
particleladen liquids. We will provide an understanding of the operating window in inkjet
methods for application of solids to surfaces, and consider rheology, statistical effects, sur-
face energies, and basic fluid mechanics, using numerical, analytical, and experimental tech-
niques.

Results: Particleladen liquids exhibit differences from simple liquids, and these depend
strongly on the particle volume fraction. Analytical work has developed a singularity based
approach to describe lightlpaded liquid pinckoff. Experiments with very concentrated
dispersions in slow pinch off flows have been performed and are under analysis. Particles
induce fluctuations, but increase resistance, generating a complex response during pinch off
and impaction events.

Plans: We will continue development of numerical tools at CCNY allowing direct computa-
tion of particle effects on the stability of jetting and impaction processes.

Statistical mechanics of jammed granular packings:
Faculty: Mark Shattuck, Sid Nagel; Collaborator: Corey O'Hern (Yale);
Post Doc: S. S. Ashwin; PhD Student: Aline Hubbard

Objective:Determine and explain the radependence of the statistics of granular
packings.

Results:The statistics of jammed granular packings determine the mechanical properties
granular systems. One popular theory suggested that all possible jammed packings sho
occur with equal probability. We have shown in both simulation and experiment that this
is not true. We have found that for a finite system of disks with no friction that there are a
finite number of distinct mechanically stable (jammed) states, and that some states are
tremendously more probable than others. The functional form of the probability
distribution has a universal form independent of the number of particles. We have
developed a novel technique to test these results in experiments, usHiig@gigincy
low-amplitude vibration to reduce friction to nearly zero. The experimental findings are in
excellent agreement with simulations.

Plans: We will investigate the impact of dynamics during the formation of jammed
packing on the statistics of the final states. We will incorporate friction into our models
and experiments. We have preliminary results which show that friction introduces
additional continuous families of packings that are intimately related to the frictionless
packings and form a branching structure in configuration space, which each successive
branch formed by releasing a contact. We will develop new methods for characterizing,
subsystems of granular packing to extend our results from small to large systems. We will
determine range of the harmonic approximation for energy propagation in jammed states.
Although many studies find this approximation produces interesting results, preliminary
data shows that for systems near jamming the range of applicability goes to zero as the
system size gets large and a new approach must be developed for solids with purely
repulsive force laws like granular materials.

Particle-Laden Liquid Bridge

CCNY:T. Proctor, J. F. Morris, M. D. Shattuck
Chicago: M. Miskin, J. C. Burton, H. Jaeger

Particle-laden fluids like pastes are important in

many industries, but they are not well understood.
\. We developed coordinated experimental and
computational techniques to explore the flow
behavior of these systems. Due to surface tension
fluids can be suspended between the flat ends of
two cylinders in a “liquid bridge”. In experiments,
we vary the gap height and measure the forces and
bridge shape to determine the response of the
particle-laden fluid. We simulate the liquid bridge
(shown) using a new hybrid technique combining
direct particle trajectory calculations with a grid
based model for the surface of the fluid. The model
is appropriate for flows that are slow compared to
the speed of sound in the fluid and flows in which
the fluid can move freely between the particles. By
combining experiments and simulation we have
unprecedented access to information on both
particle details and overall fluid response to external
stress.

Acknowledgments: Supported by NSF PREM DMR # 0934206



IRG 3: Particulate Systems

Shearinduced structure and rheology of dense colloid€aculty: J. Morris, H. Jaeger,
A. Dinner; PhD Student E. Nazockdast.Postdoc(CCNY): Adrian Baule

Objective: This work seeks, through theory and computational simulation by the Stokesian
Dynamics method, to develop a description of the structure and rheology of very dense sus-
pensions.

Results:We apply Smoluchowski analysis to determine the pair microstructure through the
pair distribution function. For high solid fraction, excluded volume interactions are incorpo-
rated using an integrdifferential equation, solved by iterative techniques. For dilute condi-
tions, the stress is evaluated by established methods using hydrodynamic resistance func-
tions. For concentrated conditions, this approach has been extended to evaluate the role of
extended structures in generating stresses. The method captures the analytical theory pre-
dictions of pair structure under dilute conditions, and the stress nonlinearities (normal
stresses, in particular) are in agreement with prior work. We have computed the elevated
concentration structure, providing a major advancement on prior structural theory. The
stress agrees qualitatively and with scaling from of disgrattcle simulations and experi-

ment.

Plans: Evaluation of the structure in nesmear kinematics has been implemented, and ex-
tension of the approach toicrofluidicshas been started. The microfluidic analysis will be

a major focus over the third with experimental collaborators at Univ. of Delaware. Collabo-
ration with Chicago will focus on the issue of shear thickening.

Solid-liquid interactions and lubricated wear phenomena: Faculty: J. Koplik ,
J. Morris; Postdoc: P. Mirbod

Objective:We use both molecular dynamics and continuum numerical methods to study the
interactions between closefypproaching solids surrounded by liquid. A second goal is to
examine the effects of solid roughness at atomistic and larger scales on particulate interac-
tions.

Results:Analysis of the deformation induced by a particle driven into a surface by contin-
uum methods has been coupled to two different approaches in order to develop a
multiscale understanding of the process of mild wear induced by suspended solids. The mo-
lecular dynamics calculation of a particle interaction of a surface was studied, and the
forces causing particles to be driven into the solid in a macroscopic slurry flow have been
analyzed using LattieBoltzmann calculations. Experimental evaluation of surface wear is
done in collaboration with a tribology laboratory at Columbia University.

Plans: Evaluation of realistic solid material molecular dynamics is a key issue at the MD
level. An REU student at CCNY will evaluate embedded atom techniques for this purpose,
to model metal wear. A multiscale model capturing bulk scale flow and using it to drive a
microscopic wear analysis is planned as a key outcome. Testing and model improvement
through comparison to experiments with single particles and with slurry flow are also
planned.

Drop formation and impaction: liquids and dispersions: Faculty: T. Lee, J. Morris, W.
Zhang, S. Nagel, H. Jaeger; Collaborator: W. Carr (Georgia Tech);
Post Doc: K. Connington.

Objective:We will examine the drop formation and impaction processes for both pure and particl
-laden liquids. We will provide an understanding of the operating window in inkjet methods for
application of solids to surfaces, and consider rheology, statistical effects, surface energies, and
basic fluid mechanics, using numerical, analytical, and experimental techniques.
Results:Particleladen liquids undergo a number of differences from simple liquids, and these
depend strongly on the particle volume fraction. Analytical work has developed a singularity
based approach to describe ligHthaded liquid pinckoff. Experiments with very concentrated
dispersions in slow pinch off flows have been performed and are under analysis. Particles induce
fluctuations, but increase resistance, generating a complex response during pinch off and
impaction eventsThe analytical approach has shown thatwis particles induce striking
changes to the near pirofff dynamics.

Plans: We will continue development of numerical tools at CCNY allowing direct computation
of particle effects on the stability of jetting and impaction proces3é® experimental studies at
Chicago with norcolloidal particles will be complemented by an attempt to analyze the processes
based on a neNewtonian fluid model for the suspension.

Lattice Boltzmann Simulations of Oblique Drop Impact
Kevin Connington, Taehun Lee, Joel Koplik, Jeff Morris
City College CUNY DMR # 0934206

The cumrent Lattice Boltzmann (LB) simulation ([eft) captures the large
deformation experienced by the drop as a result of the balance between
inerta and surface tension as a function of time. The images show that
the drop has slid along the surface past the point of initial contact The
current simulation method uses a consistent discretization scheme
which allows for simulation of large densityfriscosity ratios between
the drop and surrounding gas, avoiding spurious velocity gradients that
afflict many multiphase solvers. The system pictured is essentially
water in air. Although our simulation recovers the expected equilibrium
contact angle, there 15 no guarantee that it captures the correct dynamic
contact angle while sliding,

Lattice Boltzmann (L B) simulation of dvop
mmpact atan oblique angle 3(° (mea sured from
the ground) with Weber Number We= 13,
Reynolds number Re= 240, andan
equilibrium contact angle of 107

To validate this aspect of our code, we have compared our LB results to
those of a Molecular Dynamics(MD) simulation (right) Although there
appears to be some variation in agreement, comparison of LB and MD
simulations are qualitatwely similar. Consistent with previous numerical
and experimental studies of nommal drop impact the current results
demonstrate that LB in conjunction with MD methods can be utilized to

sitmulate drop impact at an obligue angle Results validated by Molecular Dynamics

(MD) Simulation of drop mapactatan
oblique angle.



IRG 2: Novel Assembly Processes

Novel assembly processes at interfaces:

Faculty: R. Tu, I. Kretzschmar, D. Harbot-
tle, K. Lee; PhD Student; L. Leon Under-
graduate: J. Lenis

Objectives: To understand and direct the
behavior of Janus particles at interfaces.

Results: We have studied the behavior of
Janus particles at the aitater interface.
Using 2.4 um polystyrene particles (7%
sulfated), we reproduced existing data for
homogeneously positively charged particles.
Pressure area isotherms were obtained and
buckling at high pressures was observed.
Subsequently, we repeated these experiments
with Janus patrticles, i.e., sulfated polystyrene
particles that are coated with a thin gold layer
on one half of the particle. Preliminary data
has been obtained comparing the assembly of
plain and golecapped polystyrene particles at
an airwater interface. Wrinkling is observed in
both cases: the Janus particle case exhibits
directional interactions.

Plans: We will continue our compression/ ex-

pansion experiments on the new Langmuir

trough. Subsequently, modifications to the

gold cap may include surface functionalization to influence the contact angle and stickiness of the
gold.

Novel particle assembly under magnetic and electric fields:
Faculty: I. Kretzschmar PhD Student: B. Ren; Undergraduate: A. Ruditskiy

Objectives:We are interested in understanding the competing assembly effects dominating Janus
particles in parallel and perpendicular electrical and magnetic fields

Results: Depending on the degree of cap oxidation in iron oxide capped particles, we observe
distinct assembly behaviors in a magnetic field; double chain and staggered chain. Exposure to a
parallel electric field leads to chain shortening for the double chain and lengthening for the stag-
gered chain.

Plans: In the next term, we will continue with characterizing the behavior of these magnetic Janus
particles in both parallel and perpendicular magnetic and electric fields and will develop a field
behavior diagram. In addition, we will investigate a model of the particle assembly.

Self-assembly and composite materials processindsaculty: R. Tu, J. Koplik; PhD
Student: L. Leon.

Objective:Explore the use of bimimetic surface active peptides to simultaneously control
two synthetic pathways, the selésembly of fibrous peptides in 2D and the nucleation and
growth of nanecrystalline inorganic structures from the suiiase.

Results:The rational design of interfacially confined peptides offers a unique opportunity to
explore the cooperative relationship betweenastiembly and composite materials
processing. To understand the supramolecular assembly of interfacially confined peptides,
have designed a set of four amphiphilisteet forming peptides and explored the role of
electrostatics on phase behavidNe characterize the phase behavior by using Langmuir
techniques, Brewster Angle Microscopy, Attenuated Total Reflection Fourier Transform
Infrared Spectroscopy, and circular dichroism spectroscBpying the nucleation of gold ions
in the subphase at various surface pressures, we find that we can combine two pathways for
materials synthesis, allowing us to explore a new route for materials




