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Introduction

To help potential graduate students with selection of graduate schools, the
Chemical Engineering department prepared this list of potentials projects available for
incoming students for the academic year starting in September, 2008. These are the areas
of research interests for new students either in the PhD or MS and are intended to provide
a flavor of the projects available at URI To see more about the Professors and their
research interests as well as more details about the graduate program at URI follow the
link to the website at www.egr.uri.edu/che/.

Prof. Arijit Bose

Current Research

Our research encompasses colloidal and interfacial science and engineering. The
underlying goal of our work is to understand the development of nanostructures in soft
and hard colloidal systems using new imaging techniques and thermodynamic modeling,
and then exploit that understanding to produce nanostructured materials with novel
properties. We use a range of complementary experimental and analytical tools for our
research, including small angle neutron scattering, static and dynamic light scattering,
cryogenic transmission electron microscopy, scanning and transmission electron
microscopy, freeze fracture direct imaging electron microscopy, X-ray diffraction,
differential scanning calorimetry. Brief descriptions of the currently active projects
follow.

* Imaging of soft nanomaterials (NSF)

Imaging nanostructures made from the self-assembly of soft materials like surfactants in
a solvent is a major challenge. The scales of these objects are of the order tens of
nanometers, so they cannot be imaged using light microscopy. On the other hand,
electron microscopy, suitable for viewing objects in the nanometer range, is a high
vacuum technique, and solvent evaporation under those conditions would leave behind
dried material on an EM grid quite unlike the original microstructures. In our laboratory
Wwe use cryogenic transmission electron microscopy (rapid sample vitrification, then load
sample on a clod stage and image at -165C) to produce artifact-free images of nanoscale
structures in their native states. We have also developed a new technique (only two
laboratories that we are aware of have this capability) called Freeze Fracture Direct
imaging to look at samples that are highly viscous (gels) and have a high organic content.
Our next goal is to develop methods for cryo-electron tomography, where we will be able
to reproduce 3-D morphologies of nanoscale objects. This will be applied to the imaging
of several biological and other amphiphilic systems. Complementing these direct
imaging techniques will be small angle neutron scattering and light scattering.



e Confinement effects in amphiphilic systems (NSF)

An experimental program to understand ramifications to the amphiphilic self-assembly
process under conditions of systematically increasing three- and two-dimensional
confinement is proposed. Because excluded volume entropic effects in highly confined
domains become significant, they can contribute strongly to the thermodynamics
governing the formation of organized nanostructures in amphiphilic systems. We
hypothesize that entropic contributions from these excluded volume effects as well as
long-range interactions with bounding surfaces can produce a range of equilibrium
morphologies in confined situations that are not present in bulk systems. The proposed
experiments follow recent results in our laboratory, where we have observed that for a
CTAB/HDBS model catanionic system, three-dimensional confinement produced by
polystyrene latex spheres dramatically reduces the size of vesicles formed in the void
spaces between the packed beads. These results show near quantitative agreement with a
simple thermodynamic model that accounts for both enthalpic and free volume entropic
contributions to the change in Gibbs free energy. In the proposed research, a range of
model amphiphilic systems and confinement surfaces are deliberately chosen to vary
from essentially non-absorbing to strongly absorbing for the surfactant molecules. We
will use Small Angle Neutron Scattering (SANS), Cryogenic Transmission Electron
Microscopy (cryo-TEM), and dynamic light scattering to evaluate and understand
nanostructure morphology. We will exploit the high specific surface area available in
confined systems as well as the small length scale between boundaries for active control
of nanostructures. These experiments will provide important new understanding of
microstructure evolution in amphiphilic systems under conditions of three- and two-
dimensional confinement.

e Nanostructured materials synthesis (Honda Research Institute, NASA)

The rich range of easily available robust microstructures available in surfactant colloids is
being exploited for templated materials synthesis. In one such system consisting of the
two surfactants bis(2-ethylhexyl) sodium sulfosuccinate(AOT) and phosphatidycholine
(lecithin) dissolved in isooctane, a novel transformation from a microemulsion to a gel
phase has been observed as water is added. The viscosity increases by six orders of
magnitude and a rigid gel forms as the water content is increased above a specific
threshold. The gel phase is unique, because it can be sustained with equal volume
fractions of water and the organic phase, implying the presence of spatially immobilized
bicontinuous hydrophilic and hydrophobic nanostructures.

The nanochannel network of aqueous and organic phases is being exploited for the
single-step templated synthesis of porous nanoparticle platinum/alumina or titania
support for a range transportation applications. Not only is the processing simpler than
current sol-gel methods, our materials show much better distribution of Pt nanoparticles
than those made using conventional techniques.



We are currently working on producing nanistructured materials for catalysis
applications, and for high efficiency solar cells.

e Svynthesis and evaluation of self-healing concrete (RIDOT)

Concrete used in buildings, bridges and highways are expected to last for decades without
damage or loss of structural strength. However, because of environmental exposure and
repeated cyclic loadings, defects and cracks develop in these materials. When these
cracks have been initiated, the mechanical properties of the concrete get degraded
substantially, leading to premature failure. There is a substantial need to produce ‘smart’
concrete materials that have at least some capacity to self-repair cracks, thus leading to
longer lasting materials.

The primary goals of this research are to develop a class of self-healing concrete
materials and examine their effectiveness at repairing cracks without external
intervention and at over practically useful time scales.

Prof. Geoff Bothun

Hyvbrid biomaterials and the biological response.

Novel lipid/nanoparticle assemblies are being created to serve two functions; (i) provide a
new class of colloidal systems and (i1) provide model systems to evaluate biological
membrane (cellular membranes) responses to nanomaterials, particularly carbonaceous,
metallic, and ceramic. In area (i), we seek opportunities to use these assemblies in, for
example, biomedicine and biosensing.' By tailoring chemical and physical properties of
the lipids and nanoparticles, a variety of morphologies can be obtained with unique
thermodynamic and transport properties. In area (ii), the model systems are being
examined as potential criteria for gauging nanomaterial toxicity. The same unique
properties that make nanoparticles an attractive platform for biomedicine allow them to
potentially bioaccumulate and interact with biological components. Research is needed
to evaluate the biological and environmental impacts of synthetic nanomaterials.

.

Membrane permeabilization by synthetic peptide drug delivery systems.

Amphiphatic charged peptides and peptide self-assemblies are being synthesized and
characterized in collaboration with faculty in the Department of Biomedical and
Pharmaceutical Sciences. Cationic peptides provide a non-covalent binding mechanism
for delivering negatively charged molecules, such as oligonucleotides which are used for
gene therapy. Peptide solution behavior (e.g. aggregation and assembly), surface activity,
and the ability of the peptide to permeabilization biomembranes are examined to



elucidate the mechanism of intracellular delivery and optimize peptide design.
Peptide/membrane interactions are being investigated by spectroscopy, calorimetry, light
scattering, and electron microscopy using biomimetic lipid bilayers.

Solvent transport inmesoporous inorganic membranes and smart membrane design.

Inorganic membranes are robust and inert separation media capable of handling
aggressive, multicomponent solvent phases over large ranges in pressure and
temperature. The objective of this project is to design energy efficient solvent-based
separations using nanoporous inorganic membranes, which are capable of separating
macromolecules, colloids, and nanoparticles. To do so, we are currently focusing on
three key areas; (1) solvent transport in nanopores, (ii) physicochemical solvent properties
under nanoscale membrane confinement, and (iii) membrane surface functionalization for
responsive (smart) membranes. Anomalous permeability behavior has been observed in
ceramic membranes, such as alumina, titania, and zirconia, which are high-energy
materials that induce strong solvent-surface interactions. Engineered ceramic membrane
surfaces containing organic self-assembled monolayers (SAMs) can shield these
interactions, impart hydrophobicity, reduce the effective pore size, and selectively
respond to physicochemical solvent properties.

# $

Prof. Richard Brown

Development of corrosion resistant coatings for aluminum alloys.

An investigation of new coatings for corrosion resistance of aluminum alloys used in
aerospace and marine applicationis being conducted.
Aluminum test samples using a dip process developed at URI will be investigatred.

One thrust of the project will involve conducting electrochemical testing on state of the
art potentiodynamic and impedance spectroscopy equipment to investigate the corrosion
resistance of the coatings and also the mechanism of protection.

A second thrust will involve developing a test method for measuring some other coatings
properties, and conduct scanning electron microscopy of the surfaces after coating to
determine coating microstructure.

Metallized surface comparison.

In this project, different surface finishes applied to bridge steels will be tested for
corrosion resistance and paint adhesion. Salt spray testing, and adhesion testing will be
examined for a variety of geometries found in service.

Sustainable materials.

New materials consisting of components that can be grown and replaced will be
manufactured. Selection of possible combinations will be determined and then some
simple prototype materials manufactured and tested for mechanical properties, such as



tensile and fatigue as well as environmental stability. The output of this project is a group
of materials that can be used wherever their mechanical properties meet those specified
for the application.

Prof. Michael Greenfield

Research in the group focuses on using and other thermodynamics-
based chemical engineering and applied chemistry approaches to infer and explain the
effects that subtle changes in composition and processing invoke on complicated
materials and fluid systems of industrial interest. Examples of projects likely for
continuation in 2008 are described here. One or two students will likely be added to the
group in the fall.

Molecular Modeling of Poly(3-alkylthiophene)s and Thermochromism.

Poly(3-alkylthiophene)s an intriguing polymers that conduct electricity, fluoresce, and
change color depending on their preparation and conditions. This project is particularly
concerned with : a change in color upon a change in temperature. At
cooler temperatures, many poly(3-alkylthiophene)s are red. Above a temperature-
dependent transition, they reversibly change to yellow. Two linked processes have been
hypothesized for the color change. First, side chain motions increase enough such that
their packing becomes disorganized, rather than ordered. Next, the thiophene groups that
constitute the main chain take advantage of this disorder by twisting out of a plane. The
twist perturbs the conjugation of alternating single and double bonds, affecting the
electronic structure (i.e. the band gap) and thus the color.

Initial research in the group has developed a quantum mechanics-based force field that
quantifies the unique bond stretch and angle contributions found in thiophene and
substituted thiophene oligomers. The next steps involve addressing issues of molecular
packing by using molecular simulation approaches. First we will create large, simulated
structures of substituted thiophene oligomers and polymers. After relaxing the main and
side chains, we will change the temperature and study the accompanying changes in
chain packing and organization. In the results we will look for answers to how groups of
neighboring chains behave as collective units. What tendencies occur for side chain
packing (interdigitation, extent of gauche defects, axis relative to main chain) and can
change as a function of temperature? How do single or multiple changes in side group
starting point (head to head, head to tail) modify that packing? How do packing and
conformation depend on the length of the side chain? What are the resulting backbone
conformations, and over what length scales do these tendencies persist?

Poly(3-alkylthiophene)s are being studied experimentally in the URI Chemistry
Department. This project thus has the potential to collaborate directly with synthetic
chemists who change thermochromism by changing the monomer itself, employing
different side chains or side chain lengths, or by using different synthesis techniques,



which lead to different ratios among head-to-tail, head-to-head, and tail-to-tail linkages
(different polymer architectures).

Molecular Simulation of Polymer-Modified Asphalts.

Asphalts are widely used on roads but remain poorly understood on the molecular level.
Asphalts are mixtures of millions of different components that fall into various subsets of
molecular architectures and chemical families. This mixture solidifies into a plastic,
amorphous solid well above room temperature. Modern “Superpave” specifications
essentially require sufficient viscosity at high temperatures, to minimize shearing flows,
and flexibility at low temperatures, to prevent cracking. Modifiers such as polymers are
often used to create mixtures with improved physical properties.

Initial work in the group has involved devising mixtures — on the computer — that have
similar chemical make-ups as well-characterized asphalts. Molecular simulations have
then been used to calculate the characteristics of individual compounds in the mixture.
What orientation correlations exist among similar or different components as a function
of temperature? What relaxation times govern the rotation of asphaltenes, naphthene
aromatics, and other molecules? The slowest relaxation times (typically those of the
largest molecules) correlate with viscosity and thus provide a means of assessing how the
environment surrounding different molecules affects overall asphalt properties.

The next project steps involve quantifying the effects of different polymer modifiers and
chemical changes. To what extent does asphalt oxidation change the distribution of
rotation rates? Does the presence of polymer chains or networks slow asphaltene
rotation? The long-term objective is to predict, using the computer-devised model
asphalts, modification effects and to devise new modification strategies to be tested for
ultimate use by civil engineers in highway asphalts.

Professor Mercedes A. Rivero-Hudec

Research area

The behavior and activities of microorganisms in their natural environment is
essential to understand processes such as biofouling, bioremediation, biodegradation of
materials, biogeochemical cycling of elements, genetic exchange processes and tissue
invasion. We are interested in studying the interactions of microorganisms and materials,
specifically in the areas of biodegradation/biodeterioration and metal recovery: one of our
most recent projects has dealt with the interactions of aluminum alloy 2024 and marine
bacteria; another, with the biorecovery of small amounts of metals found in waste. We
are also studying parasite invasion and metalloproteinases in oyster diseases. We mostly
conduct lab-scale experiments and have strong collaborations with colleagues specialized
in chemistry and microbiology.






