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CHEMICAL ENGINEERING
RESEARCH  PROJECTS 2001

Investigations and Development of CO2-Based
Polymer Delivery Technologies
R.G. Carbonell, J. DeSimone, R. Gould, S. Khan, and J.
Edwards
ONR
$190,000/year
December 15, 1997 to December 14, 2000
Our goal is to develop CO

2
-based coatings technologies that

will allow the replacement of some of the hundreds of mil-
lions of pounds of solvents that are manufactured each year
for use in coatings applications.  CO

2
-based delivery systems

are possible for binary systems containing either fluoro-poly-
mers or silicones dissolved in CO

2
 or for ternary systems com-

prised of CO
2
-insoluble polymers, and CO

2
-soluble surfactants

that help to solubilize the polymer in the CO
2
 solvent.  The

chemical and physical properties of these systems are being
investigated and delivery nozzles are being designed.

Delivery of Polymeric Coatings for the Protection of
Monumental and Civil Infrastructure from
Homogeneous Solutions of CO2

R.G. Carbonell, J. DeSimone, and H.B. Hopfenberg
Dupont
$50,000/year
May 1, 1998 to April 30, 2001
Novel polymeric materials are being developed for the pre-
vention of the deterioration of stone monuments and other
civil infrastructure.  The objective is to make the surface of the
material hydrophobic to prevent the penetration of acid rain.
These polymers will be delivered from high pressure solution
in carbon dioxide, an environmentally benign solvent.

Kenan-Italo Consortium for the Preservation of
Monumental Works of Art
R.G. Carbonell, J. M. DeSimone, and F. Piacenti
Kenan Institute for Engineering, Technology, and Science
$50,000/year
April 13, 1994 to April 12, 2001
Polymeric materials used for the protection of monumental
works of art must satisfy stringent requirements.  This project
characterizes the transport properties of natural stones that
have been coated with fluoropolymers to prevent liquid water
penetration.  In particular, the transport of liquid water and
water vapor through the stone samples are being evaluated.
The relationship between polymer delivery rates to the sur-
face and polymer penetration and pore blockage are being
investigated.

Ligands from Combinatorial Libraries for Virus
Detection and Removal
R.G. Carbonell and D. Brown
VITEX Technologies, Inc.
$115,000
June 1, 2000 to May 31, 2001
 Solid phase combinatorial peptide libraries will be used to
identify ligands that bind specifically to the surface of viral

particles.  Such ligands can be used to develop novel detec-
tion technologies as well as in the separation and isolation
of viruses from plasma products.  The technique might also
lead to novel anti-viral therapeutic agents.

Composite Polymer Electrolytes Using Fumed Silica
Fillers: Synthesis, Rheology, and Electrochemistry
S. Khan, P. Fedkiw, and G. Baker
DOE
$660,000
September 1997 to September 2002
This project involves developing novel composite polymer
electrolytes possessing high conductivity, electrochemical
stability, mechanical stability, and easy processability. These
mutually exclusive properties will be arrived at by a new
approach using surface-modified fumed silica fillers. By
appropriate choice of these surface groups and the poly-
meric media, the rheological behavior of these systems can
be tailored independently of the electrochemical character-
istics, a feat that has eluded researchers to date. These ad-
vanced electrolytes will be used as new generation materials
for secondary lithium batteries.

Novel Electrodeposited Nanocrystalline Metals and
Composites
C. Koch, P. Fedkiw, and J. Narayan
NSF
$540,000
August 1998 to December 2001
The focus of this project is to develop artifact-free
nanocrystalline (nc) materials by electrodeposition. A study
of the electrochemical parameters that control the grain size
and chemistry of the nc films are a central focus of the re-
search. Both Cu and Zn deposits will be prepared. In addi-
tion, nano-sized dispersoids will be co-deposited during the
deposition, such as “soft” polystyrene and “hard” diamond,
as a means to effect the properties of the deposit.

Production and Characterization of
Electrogalvanized Nanocomposites
C. Koch, P. Fedkiw, and J. Narayan
International Lead Zinc Research Organization
$144,000
January 1999 to December 2001
The main objectives of the research are (1) the determina-
tion and understanding of electrochemical parameters that
control grain size, chemistry, and dispersoid morphology
and distribution in zinc-based nanocrystalline coatings, and
(2) characterization of the structure/property relationships
of such coatings, with particular emphasis on coating ad-
herence, hardness, and appearance, all of which are perti-
nent to automotive applications.

Gas Transport and Barrier Properties of Novel
Aromatic Polyamides
B.D. Freeman and J. Preston
National Science Foundation
$306,518
July 1, 1998 to June 30, 2001
Proprietary amorphous polyamides are used commercially
in gas separation applications; liquid crystalline (LC) aro-
matic polyamides are among the most impermeable barrier
polymers available.  However, wholly aromatic polyamides
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in general and LC ones in particular are typically difficult
to dissolve and have melting points near or above their de-
composition temperatures, which makes processing quite
difficult. This research program explores synthesis and gas
sorption, transport, and permeation properties of novel,
highly soluble aromatic polyamides, having either rigid rod
backbones or semi-rodlike backbones and structural ele-
ments which could be precursors for further reactions such
as crosslinking.

Fabrication of Nanoparticle Assemblies in Ordered
Polymeric Matrices - Faculty Early Career
Development (CAREER) Program
Jan Genzer
National Science Foundation, DMR-9875256
Award $359,992
January 15, 1999 to December 31, 2003
The formation, organization, and physical properties of
nanocomposites are being studied of periodically modulated
arrays of nanoparticles embedded in self-organized two-
component polymer matrices deposited onto solid substrates.
The organization and spatial distribution of the nanoparticles
are adjusted by tailoring the structural properties of the host
polymer by using mixtures of diblock copolymers or later-
ally phase-separated polymer blends. Our initial efforts fo-
cus on studying the formation and morphology of the
mesoscopic structures, investigating the interplay between
the polymer/particle interactions, and probing the ordering
mechanisms as a function of the host- and guest-properties.
Subsequent work will determine the optical, electrical, mag-
netic, and transport properties of these structures.

Design and Interfacial Activity of Random-Block
Copolymers with Controlled Sequence Distributions
Jan Genzer
American Chemical Society - Petroleum Research Fund
$60,000
September 1, 2001 to August 31, 2003
The purpose of the proposed program is to initiate experi-
mental and modeling studies, which aim at studying the
adsorption of heteropolymers with defined microstructures
(e.g., copolymers) on substrates with predefined chemical
heterogeneity.  During the course of the research we plan to
investigate (1) the role of the copolymer microstructure
(block vs. random vs. alternating) and the copolymer mo-
lecular weight on adsorption, and (2) the effect of size and
spatial distribution of the substrate chemical heterogeneities
on the amount of adsorbed copolymer.  The experimental
part of the project will be complemented with calculations
using a 2- and 3-dimensional self-consistent field model and
Monte Carlo simulations.

Engineered Alpha Helices for Pore Transport
Regulation
Peter K. Kilpatrick, Jan Genzer
National Science Foundation
$100,001
January 1, 2000 to December 31, 2001

A dominant folding motif of many peptides is the α-helix.
Using the Schiffer-Edmundson α-helical wheel representa-
tion, amino acids in specific sequences can be designed to
yield α-helices which are amphiphilic and can organize into
supramolecular aggregates capable of spanning biological

and synthetic membranes and capable of mediating solute
transport.  We propose to explore their potential use as syn-
thetic, tunable α-helix formers to be used as regulators of
transport through synthetic and biological membranes.

Development of Novel Anticorrosive Coatings with
Tunable Wetting Properties
Jan Genzer
NACE International
$10,000
July 1, 2001 to June 30, 2002
We propose a novel method of tailoring the surface proper-
ties of poly(dimethyl siloxane) (PDMS) networks.  The tech-
nique is based on the combination of (1) mechanical
manipulation of the grafted PDMS substrate and (2) the well
known grafting reaction between ω(CH

2
)

x
SiCl

3
 molecules

and -OH functionalities present on PDMS surfaces.

Assembly of Polymers in Thin Films and at
Interfaces
Jan Genzer
3M Corporation
$10,000
May 1, 2001 to April 30, 2002
This research aims at (1) studying the symbiosis between
self-assembly and mechanical manipulation of organic mol-
ecules, including oligomers and polymers, grafted onto flex-
ible substrates, and (2) using this mechanically assisted
self-assembly to fabricate materials with completely tun-
able surface characteristics.  Specifically, surfaces will be
prepared that possess fully tailorable wetting and mechani-
cal properties; this cannot be achieved using any other cur-
rently used technique.  The planned approach can also assist
in designing novel materials for applications in electronic
and optical devices, specialty coatings, selective catalysts,
magnetic sensors, miniature storage media, etc.

Self- and Directed Assembly of Polymers in Thin
Films and at Interfaces
Jan Genzer
Camille-Henry Dreyfus Foundation
$60,000
June 1, 2001 to May 31, 2006
We propose two novel methods of tailoring the surfaces of
elastic materials through mechanically assisted molecular
and macromolecular assembly.  The first technique is based
on fabricating “mechanically assembled monolayers”
(MAMs), structures that are built by combining self-assem-
bly of surface grafting molecules with mechanical manipu-
lation of the grafting points in the underlying elastic surface.
In addition to MAMs, we propose a second method of tun-
ing the wetting and barrier properties of materials.  This
technique, called MAPA (Mechanically Assisted Polymer
Assembly), is based on the combination of polymerization
from the elastomeric surface (“grafting-from”) and mechani-
cal manipulation of the elastomeric substrate.
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Development of CO2-Based Deposition Techniques
for Production of Tunable Coatings on the Surfaces
of Elastomers
Jan Genzer
Kenan Center for the Utilization of Carbon Dioxide in
Manufacturing, NC State University
$28,500
July 1, 2001 to June 30, 2002
The major theme of this project is to develop techniques for
attaching semifluorinated organic modifiers from supercritical
CO

2
 to poly(dimethylsiloxane) network (PDMS-N) surfaces

and study their physico-chemical properties.

Adsorption of Polymer Nanospheres on Mixed Self-
Assembled Monolayers
Jan Genzer, Harald Ade (NCSU Physics), and Christo-
pher Gorman (NCSU Chemistry)
Faculty Research & Professional Development Program,
NCSU
$14,500
January 1, 2001 to December 31, 2002
The objective of the proposed program is to initiate studies
whose aim is to understand the adsorption behavior of
nanoparticles on patterned organic surfaces.  During the
course of the research we plan to investigate how strong the
preference of differently surface modified nanospheres is
to either of the substrate domains.  As other subjects of in-
vestigation we will study the influence of the substrate on
the structure of the spheres, the interactions between the
spheres, and the resulting geometrical order.  In later inves-
tigations we will connect the adsorbates covalently to the
surface, e.g. amino-modified polymer spheres which are
bonded as an amide to carboxylate substituted SAMs.

Master of Science Program in Chemical
Engineering through Worldwide Web-based
Distance Education
Jan Genzer and Saad Khan
College of Engineering, NCSU
$35,000
January 1, 2001 to December 31, 2002
The purpose of this proposed project is to complement our
efforts funded by the College of Engineering with three
major objectives.  First, we plan to enhance the Web-based
distance education (DE) chemical engineering (CHE) classes
by incorporating electronic copies of the lectures currently
available only through the NCSU Video-Based Engineer-
ing Education (VBEE) program.  Second, we intend to de-
velop a master template of a future DE Web-based CHE
class.  After testing and troubleshooting, this template would
be implemented for all DE CHE MS program classes.  Third,
we plan to enhance our capabilities of student advising by
developing a Web-based “expert system” database.

Acquisition of Equipment for Molecular Interfacial
Research and Education
Jan Genzer, Christine S. Grant, Peter K. Kilpatrick,
Gregory N. Parsons, Richard J. Spontak
National Science Foundation, Instrumentation for
Materials Research
$142,204 + $94,400 cost sharing (COE NCSU)
August 8, 1999 to July 1, 2000
The Department of Chemical Engineering at North Caro-
lina State University requests support to purchase (1) a vari-
able angle spectroscopic ellipsometer (VASE), (2) a dynamic
contact angle (DCA) system, and (3) an interfacial rheom-
eter (IFR).  The acquisition of these new instruments will
provide important new capabilities for investigating adsorp-
tion of self-assembling organic molecules at solid/liquid and
liquid/liquid interfaces and their organization in thin film
geometries.  The acquired equipment would also play a major
role in training both undergraduate and graduate students at
the Department of Chemical Engineering at NC State Uni-
versity in new hands-on laboratory courses in interfacial
science.

The Use of Sequestrants for the Removal of
Calcium Salt Deposits from Stainless Steel
Surfaces
Christine S. Grant
National Science Foundation (and the NSF - NIST
Interaction in Chemistry and Chemical Engineering)
$190,000
September 1999 to August 2002
This research investigates the role of mass transfer and sur-
face reactions on the dissolution of calcium mineral films
(i.e., calcium phosphate, calcium carbonate) using
sequestrant solutions in neutral and alkaline environments.
Fundamental interfacial mechanisms describing the inter-
action of the sequestrant ligand with calcium salts is key to
understanding reactions at the surface and in the bulk solu-
tion.  Continued research on the use of polyaspartic acid as
an environmentally benign cleaning agent for calcium salts
has led to industrial interactions with Donlar Corporation,
providing an important link to both the chemical and phar-
maceutical processing industries.

NSF Green Processing Undergraduate Research
Program
Christine S. Grant and Steven W. Peretti
National Science Foundation
$640,000
2000-2005
Green Process Technologies include the conception, design,
implementation, or production of products or processes us-
ing techniques that are environmentally friendly.  The NSF
Green Processing Undergraduate Research Program pro-
vides a research experience for a diverse student population
in the area of Green Processing.  Over 100 undergraduate
students from a variety of engineering and science programs
will participate in this 10-week summer program in the
NCSU Department of Chemical Engineering.  Students and
faculty in the program will interact with the Kenan CO

2
Center and the NSF Science and Technology Center (STC)
for Environmentally Responsible Solvents and Processes.
An ethics symposium series focuses on engineering and
environmental ethics.
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Environmentally Benign CO2-Based Surfactant
Decontamination Processes
Christine S. Grant (Ruben Carbonell and Joe DeSimone,
NSF Center PIs)
NSF Science and Technology Center for Environmentally
Responsible Solvents and Processes
$300,000
1999 to 2004
The overall research objective is to develop the ability to
quantify the removal of contaminants from a solid substrate
in both liquid and supercritical CO

2
-based surfactant clean-

ing.  The project takes a systematic approach to collect, in-
terpret, and classify image data collected during
decontamination operations.  The study will investigate the
fundamental transport and interfacial phenomena associated
with the removal of thin films and eventually particulate
matter from solid surfaces.  Particular attention will be paid
to the diffusion and mass transfer in CO

2
-surfactant sys-

tems and mechanisms associated with cleaning.

Minority Chemical Engineering Faculty 2001+:
A Workshop to Develop Minority Leaders in the
Chemical Engineering Academy, March 4-6, 2001
Christine S. Grant
National Science Foundation - Chemical and Transport
Systems Division
$75,000
2000-01
This first workshop was held at NSF in Arlington, VA to
increase the successful recruitment, retention, and advance-
ment of minority ChE faculty .  The workshop was for (1)
aspiring minority faculty to network with faculty and pro-
gram managers from the relevant disciplines of the major
funding agencies and (2)  mid-career minority faculty cur-
rently in academic positions in ChE to initiate collaborative
research with aspiring faculty, each other, and with funding
agencies.  The workshop provided focused information on
career options for “mid-career” faculty.  Over 60 partici-
pants attended this two-day Professional Development
Workshop co-sponsored by the Chemical Transport Systems
Division at NSF, Dupont, and AIChE’s Minority Affairs
Committee.

POWRE:  Interfacial Analysis of the Deposition and
Removal of Organic Films from Solid Surfaces
Christine S. Grant
National Science Foundation Professional Opportunities
for Women in Research and Education (POWRE) Program
$65,000
June 1998 to January 2001
The POWRE grant enabled our group  to access highly spe-
cialized analytical equipment at the University of
Minnesota’s Center for Interfacial Engineering to study the
interfacial properties of films during decontamination and
fouling processes.  The following systems were studied: the
hydration and swelling of supported phospholipid films in
aqueous surfactant solutions and the high temperature deg-
radation and deposition of lubricant films on metal surfaces.
The research represents a departure from our earlier work
by focusing on a closer evaluation of the changes in the
chemical and physical properties of the contaminant film
using interfacial characterization techniques.

Lubricants for Extreme Environments: An Atomistic
Approach to Solving Friction and Stiction in MEMS
Christine S. Grant and J. Krim (NCSU Physics)
National Science Foundation
$ 460,000
2000-03
We are developing high-performance lubricants and anti-
stiction materials for silicon and metal-based MEMS de-
vices. Solutions of such problems require an interdisciplinary
approach.  A team of researchers with expertise in chemical
processes at interfaces (Grant, PI), nanometer-scale surface
physics and tribology (Krim, co-PI), and MEMS device
design and testing (Franzon, academic partner) will collec-
tively tackle various chemical, mechanical, and tribological
problems.  Research goals:  (1) identify surface-active agents
for the rinse step that reduce both release-related and in-use
stiction, (2) develop and test vapor phase delivered solid
lubricant films which are both effective and replenishable,
and (3) evaluate the surface-active agents and lubricants on
actual MEMS devices.

Improving the Thermal Stability of Textile
Processing Aids
Christine S. Grant and P. Hauser, W. Oxenham (Textiles)
National Textiles Center
$600,000
July 2001 to June 2004
Our goal is to enhance the development of thermally stable
textile processing aids.  This research program will estab-
lish baseline thermal degradation behavior of “clean” pro-
cessing aids and study variations with different classes of
additives.  Evaluation of the chemical and physical proper-
ties of the solid, liquid, and vapor constituents of the de-
graded materials will provide insight into the degradation
mechanisms.  An increase in the fundamental understand-
ing of thermal degradation will enable suppliers and users
of the processing aids to determine optimal additive/finish
compositions and avoid economic and safety issues associ-
ated with thermal breakdown.  This project is being done in
collaboration with Dupont Fibers.

Molecular Simulation of Fluid Behavior in Narrow
Pores and Pore Networks
Keith E. Gubbins
NSF, NRAC
$113,498/year
May 1, 2000 to April 30, 2002
The work under this project is aimed at understanding the
behavior of simple fluids in porous media, in particular the
effects of such confinement on phase transitions, chemical
equilibria and transport properties.  Current projects being
pursued are studies of shifts in the freezing transition in
porous carbons, improved molecular models of activated
carbons, effect of confinement on diffusion rates in carbons,
and the influence of pore size, material and state conditions
on chemical reaction equilibria.  These large simulations
are carried out on supercomputers at several NSF national
centers (San Diego, Illinois, and University of Texas) under
a large NRAC grant.
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Adsorption and Diffusion in Well-Characterized
Adsorbent Materials
Keith E. Gubbins
DOE
$230,000/year
August 1, 1998 to October 31, 2001
A wide-ranging study, using molecular simulation and ex-
perimental methods, of adsorption, separation and diffusion
of gases and liquids in nanoporous materials is supported
under this project.  The main emphases are on (1) studies of
water and aqueous mixtures in activated carbons and large
pore aluminosilicate materials, (2) the development of im-
proved and realistic models through mimetic molecular
simulation of the synthesis of porous glasses, activated car-
bons, and templated mesoporous materials, and (3) the de-
sign of highly selective adsorbent systems for removal of
trace components.

Effect of Confinement on Reaction Equilibrium in
Porous Materials
Keith E. Gubbins
$44,670
NSF
August 1, 1999 to July 31, 2000
In this project advanced Monte Carlo simulation methods
are being used to determine the effect of material, pore size,
surface properties, and other variables on chemical reaction
equilibria and heats of reaction.  Materials under study in-
clude activated carbons, carbon nanotubes, porous silica
glasses and aerogels.

Phase Separation and Molecular Dynamics of
Fluids and Solids in Porous Media
Keith E. Gubbins and M. Sliwinska-Bartkowiak
U.S.-Poland Maria Sklodowska Curie Foundation
$38,000
December 1, 1997 to November 30, 2000
This project is a joint molecular simulation/experimental
effort to investigate the freezing and liquid-liquid separa-
tion of fluid mixtures adsorbed in well-characterized po-
rous media.  The experimental work is carried out by a team
of professors at the Institute of Physics, Adam Mickiewicz
University, Poznan, Poland.  The complementary theoreti-
cal and molecular simulation program is carried out at NC
State University.

NSF/CNRS Cooperative Research: Molecular
Modeling of Disordered Porous Materials
Keith E. Gubbins
National Science Foundation
$18,000
March 15, 2001 to February 29, 2004
This is a joint project with the research group of Dr. Roland
Pellenq of Centre Nacional Recherche Scientifique, Orléans,
France, to develop improved molecular models and charac-
terization methods for activated carbons.  The models are
developed by the team at NCSU using Reverse Monte Carlo
and mimetic molecular simulation methods.  Experimental
data needed in developing these models are x-ray diffrac-
tion, small angle x-ray scattering and transmission electron
microscopy measurements on these carbons.  These mea-
surements are undertaken by the team in Orléans.

Molecular Thermodynamic and Molecular
Simulation Studies of CO2 Solvent Systems
Keith E. Gubbins
National Science Foundation STC Center
$100,000/year
November 1, 1999 to October 31, 2004
Methods for the accurate prediction of the phase behavior,
solubilities and micellar structure and behavior are being
developed for systems involving carbon dioxide as a sol-
vent.  These mixtures contain surfactants, a solute and in
some cases co-surfactants and co-solvents.  The methods
being developed are based on a theoretically based equa-
tion of state (the SAFT equation) and on lattice Monte Carlo
simulation methods.

Computer Simulation Studies of the
Thermodynamics of Protein Folding and
Aggregation
Carol K. Hall
NSF
$200,500
December 1, 1997 to November 30, 2001
This research program is aimed at understanding the mecha-
nisms by which solutes prevent protein aggregation.  By
simulating the properties of model proteins and solutes on
the computer, we explore how protein folding and kinetics
are influenced by protein type and concentration, denatur-
ant concentration, solute type and concentration, and tem-
perature.  Our theoretical work should assist scientists in
(1) choosing and/or designing solutes to suppress unwanted
aggregation, (2) optimizing the in vitro refolding of recom-
binant proteins by manipulation of process variables, and
(3) providing a future basis for the modeling of medically-
important proteins such as _-amyloid, the protein whose
aggregation is associated with Alzheimer’s disease.

Theories for Fluid Mixtures Containing Chain-like
Molecules
Carol K. Hall
American Chemical Society-Petroleum Research Fund
$60,000
July 1, 1998 to August 31, 2000
This research program is aimed at developing an equation
of state that is capable of predicting the experimentally ob-
served thermodynamic properties, including phase equilib-
ria, of fluids and fluid mixtures containing chain-like
molecules ranging in length from alkanes to polymers.  The
Generalized Flory Dimer theory is being extended to mix-
tures of practical interest to the petroleum, chemical, and
polymer industries, i.e. mixtures with asymmetries in seg-
ment site, chain length, and attractions, either between spe-
cies or along the chain.

Computer Simulation Studies of Protein
Aggregation
Carol K. Hall
National Institutes of Health
$493,839
May 1, 1999 to April 30, 2003
This research program is aimed at understanding the basic
principles underlying protein aggregation.  The goal is to
develop molecular-level models that capture the essential
features that govern the competition between protein fold-
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Morphological and Property Studies of
Dibenzylidene Sorbitol Gels
R.J. Spontak
Milliken Chemicals
$80,000
January 1998 to December 2000
Addition of sugar acetals such as dibenzylidene sorbitol
(DBS) to low-molar-mass organic solvents or high-molar-
mass polymers often results in the formation of a recogni-
tion-driven fibrillar network. These “tectonic” additives
afford the possibility of physical gelation, thixotropy, and
viscosity control. We are currently examining the morpho-
logical and rheological characteristics of several model sys-
tems, as well as using molecular mechanics and dynamics
simulations, to investigate the mechanism and kinetics of
DBS-induced gelation and, ultimately, network dynamics
and structural reorganization upon deformation.

Research in the Conversion of Natural Gas via
Cobalt-based Fischer Tropsch Synthesis
James J. Spivey
Department of Energy
$20,000
June 20, 2001 to June 1, 2002
The conversion of natural gas using Fischer Tropsch syn-
thesis is being studied over cobalt-based catalysts.  The over-
all process involves the conversion of natural gas into
synthesis gas, a mixture of CO and hydrogen.  This mixture
is then converted into n-alkanes, with a special emphasis on
maximizing the yield of C5+ compounds. Catalyst deacti-
vation and in-situ regeneration are being studied to maxi-
mize the lifetime at conditions of practical interest.

Complex Fluids Dynamics - A Research and
Teaching Program
J.H. van Zanten
NSF CAREER Award
$62,000/year
May 1, 1997 to July 31, 2002
The factors controlling Brownian motion in viscoelastic
media and the potential of using particle motion as a probe
of soft material dynamics are being investigated.  A diffus-
ing wave spectrometer is used to measure particle mean
square displacements and the resultant data are analyzed
with the methods of statistical physics.  Of particular inter-
est are polymer and surfactant solutions including gel-like
materials.

Microscopic Basis of Polymer-Supercritical Fluid
Phase Behavior:  Effects of Polymer-Solvent
Interactions and Chain Stiffness
J.H. van Zanten and M.A. McHugh (Virginia Common-
wealth University)
NSF GOALI Program
$115,380year
April 1, 1998 to June 30, 2001
Our goal is to develop is to develop an understanding of the
microscopic basis of polymer-supercritical fluid phase be-
havior.  As such we have focused on polyolefin-compressed
alkane systems in which the energetics are well matched in
order to isolate the effects of chain architecture on chain
properties.  Small angle neutron scattering and dynamic light
scattering are utilized to probe these solutions in the

semidilute and dilute regimes respectively.  This work is
being extended to investigating fluoropolymer analogs and
their behavior in fluorocarbon solvents and compressed car-
bon dioxide.

Characterization of Polymer-Inorganic Interfaces:
From Basic Polymer Physics to Industrial Relevant
Applications
J.H. van Zanten
NIST Polymers Division
$37,910/year
September 1, 1996 to August 31, 2000
Methods are being developed to probe the interfacial region
in glass fiber-filled polymer composite materials.  Fluores-
cence spectroscopy is being used in conjunction with a novel
fluorophore-silance coupling agent chemical sensor to de-
velop a robust process control sensor as well as a noninvasive
technique for probing the relevant physics occuring in the
polymer-inorganic glass interfacial region.

DNA-Cationic Liposome Complexes:  Size, Compo-
sition, and Formation Kinetics
J.H. van Zanten
Valentis, Inc.
$25,000/year
July 1, 1999 to June 30, 2001
Nonviral gene delivery vectors are being explored as a vi-
able alternative to viral-based gene delivery systems in gene
therapy applications.  Our goal is to develop a robust method
for characterizing the size and composition polydispersity
which is inherenet to these complex systems, detailed ki-
netic models capable of prediciting final gene delivery prop-
erties and composition/structure/processing/transfection
relations.
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CHEMICAL ENGINEERING FACULTY

Ruben G. Carbonell, Co-director of the Kenan Center for
Utilization of CO

2
 in Manufacturing, and Hoechst Celanese

Professor (919/515-2499); PhD, Chemical Engineering,
Princeton University (1973); biochemical engineering, mo-
lecular recognition, bioseparations, immunodiagnostics,
colloid and interface science, transport phenomena.
[ruben@ncsu.edu]

Joseph M. DeSimone, Co-director of the Kenan Center for
Utilization of CO

2
 in Manufacturing and Mary Ann Smith

Professor (joint with Department of Chemistry, UNC-CH)
(919/962-2166); PhD, Polymer Chemistry, Virginia Tech
(1990); polymer chemistry and physics, chemistry in com-
pressed media, design of interfacially active agents for near
and supercritical fluids, environmentally benign solvents for
industrial processes. [desimone@unc.edu]

Peter S. Fedkiw, Associate Department Head and Profes-
sor (919/515-3572); PhD, Chemical Engineering, Univer-
sity of California, Berkeley (1978); electrochemical reaction
engineering; electrocatalysis, environmental applications of
electrochemistry.  [fedkiw@eos.ncsu.edu]

Richard M. Felder, Hoechst Celanese Professor (919/515-
2327); PhD, Chemical Engineering, Princeton (1966); com-
puter-assisted manufacturing of specialty chemicals, learning
and teaching styles in engineering education.
[felder@eos.ncsu.edu]

Jan Genzer, Assistant Professor (919/515-2069); PhD, Ma-
terials Science and Engineering, University of Pennsylva-
nia (1995); physics of thin polymer films, interfacial polymer
science, morphology control of heterophase polymers, struc-
ture/formation of polymer-based nanocomposites.
[jan_genzer@unity.ncsu.edu]

Christine S. Grant, Associate Professor (919/515-2317);
PhD, Chemical Engineering, Georgia Institute of Technol-
ogy (1989); surface and interfacial science, mass transfer,
environmental engineering.  [grant@eos.ncsu.edu]

Keith E. Gubbins, H. Clark Professor (919/513-2262); PhD,
Chemical Engineering, University of London (1962); mo-
lecular modeling of nanostructured materials, thermodynam-
ics and rate processes in nanoporous and structured
materials.  [keg@ncsu.edu]

Carol K. Hall, Alcoa Professor (919/515-3571); PhD, Phys-
ics, SUNY Stony Brook (1973); molecular thermodynam-
ics and computer simulation, equations of state, polymer
modeling, bioseparations, protein folding.
[hall@turbo.che.ncsu.edu]

Jason Haugh, Assistant Professor (919/513-3851); PhD,
Chemical Engineering, Massachusetts Institute of Technol-
ogy (1999); signal transduction networks, intracellular pro-
cesses, biomedical engineering, theoretical biology.
[jason_haugh@ncsu.edu]

Harold B. Hopfenberg, Camille Dreyfus Professor (919/
515-5118); PhD, Chemical Engineering, MIT (1965); mem-
brane separations and the study of aging phenomena in or-
ganic glasses, controlled drug delivery systems for human
and veterinary medicine, and barrier plastics for specialty
packaging of anhydrobiotic organisms.  [hbh@ncsu.edu]

Robert M. Kelly, Alcoa Professor (919/515-6396), PhD,
Chemical Engineering, NC State University (1981); bio-
chemical engineering, biocatalysis at extremely high tem-
peratures, microbial physiology, enzyme engineering.
[rmkelly@eos.ncsu.edu]

Saad A. Khan, Graduate Administrator and Associate Pro-
fessor (919/515-4519); PhD, Chemical Engineering, MIT
(1985); polymer science, rheology of complex fluids, sol-
gel rheology.  [khan@eos.ncsu.edu]

Peter K. Kilpatrick, Professor and Head (919/515-7121);
PhD, Chemical Engineering, University of Minnesota
(1983); surfactant and interfacial science, fluid microstruc-
ture, colloidal aggregates, phase equilibria, biotechnology.
[peter-k@eos.ncsu.edu]

H. Henry Lamb, Associate Professor (919/515-6395); PhD,
Chemical Engineering, University of Delaware (1988); ki-
netics, catalysis, electronic materials processing, surface
science.  [lamb@eos.ncsu.edu]

P. K. Lim, Professor (919/515-2328); PhD, Chemical En-
gineering, University of Illinois (1979); interfacial phenom-
ena, homogeneous catalysis, free radical chemistry.
[lim@eos.ncsu.edu]

David F. Ollis, Distinguished Professor (919/515-2329);
PhD, Chemical Engineering, Stanford (1969); biochemical
engineering, photochemical engineering.
[ollis@eos.ncsu.edu]

Michael R. Overcash, Professor (919/515-2325); PhD,
Chemical Engineering, University of Minnesota (1972);
cleaner manufacturing technologies, pollution prevention,
and environment.  [overcash@eos.ncsu.edu]

Gregory N. Parsons, Associate Professor (919/515-7553);
PhD, Physics, NC State University (1990); surface reactions
and chemical processes in electronic materials synthesis,
bonding structure and electronic properties of inorganic
semiconductors and insulators, physics of thin film devices.
[parsons@ncsu.edu]

Steven W. Peretti, Associate Professor (919/515-6397);
PhD, Chemical Engineering, California Institute of Tech-
nology (1986); metabolic characterization and manipula-
tion.  [peretti@eos.ncsu.edu]

George W. Roberts, Professor (919/515-7328); Sc.D.,
Chemical Engineering, MIT (1965); chemical reaction en-
gineering, applied catalysis, chemical reactor analysis and
design, pollution prevention and control, alternate fuels.
[groberts@eos.ncsu.edu]

Richard J. Spontak, Director of Graduate Recruiting and
Associate Professor (joint with Materials Science and En-
gineering) (919/515-4200); PhD, Chemical Engineering,
University of California at Berkeley (1988); polymer mi-
croscopy and spectroscopy, structure and properties of or-
dered polymeric materials, polymer physics.
[rich_spontak@ncsu.edu]

James J. Spivey, Research Professor (919/513-4475); PhD,
Chemical Engineering, Louisiana State University (1980);
heterogeneous catalysis and reaction engineering, synthe-
sis gas chemistry and catalysis, environmental catalysis,
emission controls, acid-base catalysis. [jjspivey@ncsu.edu].

John H. van Zanten, Assistant Professor (919/515-2520);
PhD, Chemical Engineering, University of California at Los
Angeles (1992); colloidal and macromolecular physics, bio-
physical phenomena, light, neutron & x-ray scattering.
[john_vz@ncsu.edu]
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or contact the head of the department:

Dr. Peter K. Kilpatrick
Department of Chemical Engineering
113 Riddick Laboratories
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Raleigh, NC  27695
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fax:  (919) 515-3465



On the cover:  A sheet coated using the new MAM method
(right) repels water better than a sheet coated the
conventional way (left). The respective molecular align-
ments are depicted below the images.

Dr. Jan Genzer, assistant professor of chemical engineer-
ing at North Carolina State University, published his
polymer research in the December 15, 2000, issue of
Science.  The title of the paper is “Creating long-lived
superhydrophobic polymer surfaces through mechanically
assembled monolayers (MAMs).”  NC State post-doctoral
research associate Dr. Kirill Efimenko is co-author on the
paper.  Support for this research comes from the National
Science Foundation CAREER grant and Genzer’s startup
funding from the College of Engineering at NC State.

The research conducted by Genzer and Efimenko aims at
controlling materials’ surface properties through the
tailored assembly of molecules.  Specifically, they show
that the combination of self-assembly with mechanical
manipulation of semifluorinated chains grafted onto
flexible supports provides a means of fabricating “me-
chanically assembled monolayers” that form
superhydrophobic surfaces with superior long-lasting
barrier properties.

1,000 copies of this document were printed at a cost of $1,449
100201




