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It is my pleasure to introduce you to the Depart-
ment of Chemical and Biomolecular Engineering
at Vanderbilt University. Our department and the
discipline of chemical engineering have undergone con-
siderable growth and change in recent years, expanding
into the fields of biology, medicine, and materials science.
We have been fortunate in adding new faculty members
who are pursuing novel applications of chemical
engineering principles both in their own research and on
interdisciplinary teams.

We recognize the essential need of chemical engineer-
ing in contemporary society and the department is 
positioned at the forefront of modern research and devel-
opment. Our program prepares chemical engineers to
play key roles in the discovery and production of pharmaceuticals and bioengineered materials, high-strength composites
and specialty polymers, semiconductors and microelectronic devices, energy conversion devices such as fuel cells and bat-
teries, and a wide range of ultrapure fine chemical compounds and other commercially important products. 

As you peruse this brochure and read about individual faculty interests, you will note seven main areas for graduate
research—advanced materials, biochemical engineering and biotechnology, the environment, adsorption and surface
chemistry, chemical reaction engineering, electrochemical engineering, and process modeling and control. Problems are
approached through experimentation and simulation at the atomistic level through commercial production scales. 

Interdisciplinary research is important at Vanderbilt. In addition to working with researchers in other departments in
the School of Engineering, we collaborate outside the school with Vanderbilt faculty in the natural sciences and medi-
cine. Professors in the department participate in university-supported interdisciplinary research initiatives such as the
Vanderbilt Institute of Nanoscale Science and Engineering (VINSE), the Vanderbilt Institute for Integrative
Bioengineering Research and Education (VIIBRE), and the Vanderbilt Institute of Chemical Biology (VICB).

Most of our graduate students are pursuing a Ph.D. degree. We have reduced our course work requirements to a rea-
sonably low level to permit a greater concentration on creative thinking and the research experience. We have an active
Chemical Engineering Graduate Student Association (ChEGSA), which represents graduate student interests and spon-
sors a variety of social events. I serve as their adviser.

Several forms of financial aid are available to graduate students. New students are usually awarded a Teaching Assist-
antship (TA), which is funded by the university. Teaching assistants tutor undergraduate students, grade undergraduate
student homework, or assist in our Undergraduate Laboratory. After the first academic year, most students are transferred
to a Research Assistant (RA) appointment. RAs are supported by federal and industrial research grants obtained by the
faculty. Students choose a research topic and adviser during their first academic semester at Vanderbilt. Special honor
fellowships are also available to incoming students.

Vanderbilt is a great university and the Department of Chemical and Biomolecular Engineering is at the forefront of
research and teaching. You will learn more about us from the information contained in this brochure. Our Web site
(www.che.vanderbilt.edu) is an additional departmental resource and, of course, I would be delighted to discuss with you
the opportunities we offer students who are interested in chemical and biomolecular engineering. 

Peter N. Pintauro
H. Eugene McBrayer Professor of Chemical Engineering
and Chair of the Department
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PROGRAMS OF STUDY

Master of Science

Candidates for the Master of Science must complete 24 semes-
ter hours of graduate-level courses. Fifteen hours are taken in
chemical engineering core courses. The remaining 9 semester
hours are selected from courses in the major or from related
areas of interest approved by the research adviser. 

An M.S. program for non-chemical-engineering undergrad-
uates also exists at Vanderbilt. Graduates holding a B.S. in sci-
ence, mathematics, or other engineering disciplines must
demonstrate sufficient skill and knowledge in problem solving
for placement into the core chemical engineering courses. In
most cases, undergraduate courses in chemical engineering are
required. Persons interested in this program should contact the
director of graduate programs in chemical engineering for
more detailed information.

In addition to course work, each degree candidate conducts
research under the supervision of a faculty adviser, prepares a
written thesis, and presents the thesis orally to the faculty.

The Graduate School
Graduate work has been part of the 
program at Vanderbilt University since 
it opened in 1875. The first Doctor of
Philosophy degree was granted in 1879
and the 2,000th in 1975, the university’s
centennial year. The 3,000th was given
in 1985. As of 2008, more than 5,400
Doctor of Philosophy degrees have been
awarded. A separate Graduate School
was established in 1935 by action of the
Board of Trust. The Graduate School
admits students into graduate programs
and awards graduate degrees. Vanderbilt is
a member of the Association of American
Universities, a sixty-two-member organi-
zation of research-intensive universities.
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Doctor of Philosophy

Candidates for the Doctor of Philosophy degree complete a mini-
mum of 72 semester hours of work beyond the bachelor’s degree. At
least 30 of these hours are course work (at least 21 hours in chemical
engineering graduate courses and a minimum of 6 hours taken out-
side of the department).
The remaining hours are
Ph.D. dissertation research.
The course load is designed
to allow students to spend
the majority of their studies
on original research. 

Up to 24 hours of gradu-
ate course work with an
equivalent of an A or B
grade may be transferred to
Vanderbilt and applied to
the Ph.D. 

Following core course
work, students complete
written and oral examina-
tions on fundamentals that
are presented in the chemi-
cal engineering core
courses. Admission to candidacy in the Ph.D. program is based upon
this departmental examination and the Ph.D. qualifying examina-
tion. The Ph.D. qualifying exam consists of written and oral presen-
tation of a proposal for doctoral research.

Following the examinations and at least 24 semester hours of dis-
sertation research, the student prepares and publicly defends a disser-
tation presenting results of original research in chemical engineering.

FINANCIAL ASSISTANCE
Financial aid is available to qualified students in the form of
research assistantships and teaching assistantships, which include a
stipend and payment of tuition and health insurance. Exceptional
students may be nominated for supplemental awards.

INFORMATION AND APPLICATION
Apply online at www.vanderbilt.edu/gradschool

For further information, contact:

Director of Graduate Studies
Department of Chemical and Biomolecular Engineering
Vanderbilt University
VU Station B #351604
2301 Vanderbilt Place
Nashville, TN 37235-1604
(615) 322-2441
chegrad@vanderbilt.edu

www.che.vanderbilt.edu 

COURSE WORK

All graduate students complete a set of core courses
that stress the broad, fundamental, and scientific
principles of the chemical engineering discipline.
These courses serve as the basis for the departmental
examination, which is normally taken at the end of
the first academic year of graduate studies. These core
courses are:

Applied Mathematics in Chemical Engineering
Advanced ChE Thermodynamics
Transport Phenomena
Applied Chemical Kinetics

Recognizing that all research areas rely on modeling
and simulation to varying degrees, all graduate stu-
dents take the following course: 

Chemical Engineering Simulation

Students in the Ph.D. program are required to take
two additional courses in chemical engineering. These
courses may be taken from the following offerings.
These courses are offered on an every-year or an
every-other-year basis.

Atmospheric Pollution
Biochemical Engineering
Bioprocess Engineering
Semiconductor Materials Processing
Molecular Simulation
Molecular Aspects of Chemical Engineering
Physiological Transport Phenomena
Polymer Science and Engineering
Systems Analysis for Process Design and Control
Surfaces and Adsorption
Special Topics in Chemical Engineering
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Peter T. Cummings
John R. Hall Professor of 
Chemical Engineering
Ph.D., University of Melbourne,
Australia

Research Interests

! Molecular modeling of fluids. We
apply the techniques of molecular
simulation and molecular theory to
understand the properties of fluid
systems, particularly aqueous systems, supercritical fluid mixtures and
fluids with nanoscale structure (such as reversed micelles in supercritical
fluids and polyelectrolytes).

! Computational nanoscience. We are interested in nanostructured sys-
tems, such as hybrid organic-inorganic nanocomposites, the nanoscale
complexity found at metal oxide/aqueous solution interfaces, and
nanoparticles formed from hydrothermal solution. In addition, we have
interests in molecular electronics (electronic devices made from single
molecules) and the effect of nanoscale confinement on the phase and
structure of the confined fluid.

! Molecular rheology of lubricants. Using several non-equilibrium molecu-
lar dynamics simulation methods, we study the rheology (particularly
viscosity) of typical lubricants in conventional uses (e.g., automotive)
and unconventional uses (e.g., disk drive lubrication). Our goal is to
develop tools which will enable lubricant designs to be tested computa-
tionally before deciding a lubricant is sufficiently superior to others that
it is worth synthesizing. We additionally study the effect of nanoscale
confinement on lubricants.

! Mathematical modeling of cancer invasion. We are collaborating with
researchers in the cancer biology department of the Vanderbilt
University Medical Center to develop cancer-cell-based mathematical
models of cancer tumors, with a particular emphasis on the invasion
process whereby cancer spreads to other parts of the human body.

Selected Publications 
Shengting Cui, P. T. Cummings, and H. D. Cochran, “Molecular
Simulation of the Transition from Fluid-like to Solid-like Behavior in
Complex Fluids Confined to Nanoscale Gaps,” Journal of Chemical Physics
114 (2001), 7189-7195.

McCabe, Clare, C. W. Manke, and P. T. Cummings, “Predicting the
Newtonian Viscosity of Complex Fluids from High Strain Rate Molecular
Simulations,” Journal of Chemical Physics 116 (2002), 3339-3342.

Paricaud, Patrice, M. Predota, A. A. Chialvo, and P. T. Cummings, “From
Dimer to Condensed Phases at Extreme Conditions: Accurate Predictions
of the Properties of Water by a Gaussian Charge Polarizable Model,”
Journal of Chemical Physics 122 (2005), art. no. 244511.

Quaranta, Vito, A. M. Weaver, P. T. Cummings, and Alexander R. A.
Anderson, “Mathematical Modeling of Cancer: The Future of Prognosis
and Ttreatment,” Clinica Chimica Acta 357 (2005), 173-179.

Leng, Yongsheng, and P. T. Cummings, “Fluidity of Hydration Layers
Nanoconfined between Mica Surfaces,” Physical Review Letters 94 (2005),
art. no. 026101.

Bair, S., C. McCabe, and P. T. Cummings, “Comparison of Non-
Equilibrium Molecular Dynamics with Experimental Measurements in the
Nonlinear Shear-Thinning Regime,” Physical Review Letters 88 (2002):
art. no. 58302.

Salaniwal S., S. Cui, P. T. Cummings, and H. D. Cochran, “Self-assembly
in a Dichain Surfactant/Water/Carbon Dioxide System via Molecular
Simulation. II. Aggregation dynamics,” Langmuir 17 (2001): 1784-1792.

Selected Invited Conference Presentations 
Peter T. Cummings, “Molecular Simulation of Supercritical Fluids and
Mixtures: Supercritical Aqueous Systems and Reverse Micelles in Supercritical
Carbon Dioxide,” 8th International Meeting of the International Society 
for the Advancement of Supercritical Fluids, Bordeaux, France, 
April 14-17, 2002.

Peter T. Cummings, “Molecular Simulation of the Structure and Rheology
of Nanoconfined Fluids,” American Physical Society National Meeting,
Austin, TX, March 3-7, 2003.

Peter T. Cummings, “Computational and Theoretical Nanoscience:
Essential Enabling Tools for Nanotechnology,” Sir Mark Oliphant Frontiers
in Science and Technology Conference Series: Scaling Down to a Nano-
Materials World, Melbourne, Victoria, Australia, December 1-4, 2003.

Peter T. Cummings, “Molecular Simulation and Modeling of Water and
Aqueous Solutions in Bulk and at Interfaces,” 14th International
Conference on the Properties of Water and Steam, Kyoto, Japan, 
August 29-September 3, 2004. 

Peter T. Cummings, “Computational and Theoretical Nanoscience:
Methods and Applications,” 1st NAREGI International Nanoscience
Conference, Nara, Japan, June 14-17, 2005.

Dodecane molecules
(shown in different colors
for clarity) confined
between two mica surfaces
(not shown) separated by
less than three nanome-
ters. The dodecane is form-
ing an ordered, solid-like
structure. In the corre-
sponding bulk phase (not
confined) it is a liquid.

Faculty
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Kenneth A. Debelak
Associate Professor of Chemical and Biomolecular Engineering
Ph.D., University of Kentucky

Research Interests

Research topics that I advise include the following:

! In-situ resource recovery (ISRU) is recognized as an enabling technol-
ogy for exploration of the moon and Mars which can significantly
reduce the mass, cost, and risk of robotic and human missions. We
are working on design of reaction systems for the extraction of oxygen
for life support from lunar regolith containing oxide forms, e.g., ill-
menite. On Mars, we are exploring the use of supercritical carbon
dioxide to extract mineral matter from Martian soils. We have per-
formed initial experiments with chelating agents to enhance the solu-
bility of metals in supercritical carbon dioxide. The addition of
chelating agents such as perfluoropolyethers has been successful in
recovering magnesium and copper at extraction rates of over 50 per-
cent of the initial metal. The recovery of magnesium is significant
since it has been proposed as a solid rocket fuel for a vehicle blasting
off of the Martian surface. Both projects support the exploration and
development of space based on the concept of “living off the land.” 

! Plant-wide modeling, simulation, and control. The first commercial
version of the Intelligent Process Control System (IPCS) software was
developed. We have since rewritten this software to include features
such as vectored input and output variables, a better graphical editor,
and new operator display interface. There is considerable interest in
chemical engineering in plant-wide control. Our “commercialized”
applications, a coherent material balance, and an operator interface,
which displays key process variables, have been updated for the new
software. We are expanding this tool for environmental modeling and
monitoring. We plan for emissions control for NOx and CO control.

! Polymer processing. Polyethylene terephthalate (PET) is widely used in
the form of fibers, films, and containers. The commercial applications
of PET polymer depend on the molecular weight. The solid state
polymerization
process is used to
produce higher
molecular weight
PET materials. We
are studying the
structural hetero-
geneity, which exists
in commercial PET
products, and can be
classified into an
amorphous phase, a
crystallized phase,
void regions, and
structural defects.

The structural heterogeneity and defects deteriorate the mechanical
and chemical properties of PET. We have been using surface tech-
niques such as atomic force microscopy (AFM), low voltage scanning
electron microscopy (SEM) to investigate the crystallization in several
commercial PET products. The crystal-
lization gradient and microstructural
features on cross-sections of PET are
examined at the nanometer scale. A
model of the crystallization process in
the PET solid polymerization is
suggested consisting of a shell of a highly
crystallized phase of PET encasing a core
of an amorphous phase.

Selected Publications
Debelak, K. A., J. Roth, and T. Wang, “Extraction of Magnesium and
Copper using a Surfactant and Water in Supercritical Carbon Dioxide,”
J. Supercritical Fluids, 47, 25-30, 2008.

Debelak, K. A., J. Roth, and T. Wang, “Dehydration of Ferrous Sulfate,”
Thermochimica Acta, vol. 462, issue 1-2, 89-93, 2007.

Debelak, K. A., K. B. Schnelle, and A. Laungphairojana, “Emission
Reduction of NOx and CO by Optimization of the Automatic Control
System in a Coal-Fired Stoker Boiler,” AWMA Conference, Washington,
D.C., September, 2004.

Debelak, K. A., “Recovery of Minerals in Martian Soils Via Supercritical
Fluid Extraction,” Materials Science NASA Research Announcement
Conference, Marshall Space Flight Center, Huntsville, Ala., June 25-26,
2002.

Debelak, K. A., W. Lu, A. Witt, C. Yang, C. Lott, and E. Collins,
“Structural Features of Crystallized Polyethylene Terephthalate (PET)
Polymers,” Journal of Polymer Science, Part B: Polymer Physics, vol. 40, issue
3 (2002), 245-254. Published online December 12, 2001.

Debelak, K. A., W. Lu, A. Witt, and E. Collins, “Crystalline Polymer
Structures and their Formations Characterized by Scanning Force
Microscopy (SFM),” Polymer News 25 (2000), 365-373.

Debelak, K. A., and M. Rutherford, “Partitioned Error Control,” Ind.&
Eng.Chem 10 (1999), 4113-4116.

Debelak, K. A., “Temperature Control of Highly Exothermic Batch
Polymerization Reactor,” J. Appl. Polymer Science (1997), 761-772.

Debelak, K. A., F. Aderounmu, H. Hussein, K. Smith, and R. C.
Camperlino, “Machine Vision Eyes Wider CPI Role,” Chemical
Engineering Progress 93, 2 (February 1997).

4
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Scott A. Guelcher
Assistant Professor of Chemical and Biomolecular Engineering
Ph.D., Carnegie Mellon University

Research Interests
While autologous grafts stimulate healing of tissue defects, explantation
both introduces additional surgery pain and also risks donor-site morbidity.
One promising alternative to autograft is polymeric biomaterials that are
designed to enhance healing
through the natural tissue remodel-
ing process. Polyurethanes com-
prise a class of synthetic polymers
that are of fundamental interest to
us because their mechanical and
biological properties can be tuned
to targeted values by controlling
the structure. New materials cur-
rently under development include:

! Dual delivery of growth factors
and antibiotics for healing of
infected bone wounds.
Infections often compromise
the healing of open fractures.
In the current conflicts in Iraq and Afghanistan, approximately 80 per-
cent of all extremity amputations are attributed to complications due
to infection. Local delivery of antibiotics from PMMA beads is an
established clinical treatment of infected fractures, but the beads must
be surgically removed before bone graft can be implanted to regenerate
the bone. A more ideal implant would comprise a scaffold and antibi-
otic delivery system administered in one procedure. We are developing
biodegradable polyurethane scaffolds that release growth factors, such
as BMP-2, and antibiotics to promote healing of infected fractures
through one surgical procedure. 

! Injectable scaffolds and delivery systems for bone and skin tissue engineering.
Two-component reactive polymers are promising scaffolds because they
can be formed in situ without the use of solvents. Porous PUR scaffolds
prepared from lysine-derived and aliphatic polyisocyanates by reactive
liquid molding have been reported to undergo controlled degradation to
non-toxic decomposition products, while supporting the migration of
cells and ingrowth of new tissue in vitro and in vivo. Additionally, these
biomaterials have elastomeric mechanical properties, which enable them
to maintain good contact with tissue. We are developing injectable
polyurethane scaffolds that can be administered by minimally invasive
surgical techniques and conform to the shape of the wounds being treat-
ed. Biologics, such as antibiotics and growth factors, can be added to the
two-component polyurethane prior to mixing. 

! Weight-bearing bone/polymer composite implants. Traditionally, bone
fractures are treated by fracture reduction and subsequent fixation.
There is a compelling clinical need for a resorbable biomaterial that
has the appropriate biomechanical and biological properties for frac-
ture reduction and fixation, eliminates the need for removal surgery,
and integrates with host bone. To address this clinical need, we are
developing resorbable allograft bone/polyurethane composite fracture
fixation devices using reactive liquid molding processes. 

Industrial experience
1999-2002, Bayer Corporation, Polyurethanes Division

Selected Publications
Alexander, N. R., K. M. Branch, I. C. Iwueke, S. A. Guelcher, and A. M.
Weaver, “Extracellular Matrix Rigidity Promotes Invadopodia Activity,”
Current Biology 18, 1-5, 2008.

Enderling, H., H. R. Alexander, E. Clark, K. M. Branch, L. Estrada, 
C. Crooke, J. Jourquin, N. Lobdell, M. H. Zaman, S. A. Guelcher, A. R. A.
Anderson, and M. Weaver, “Dependence of Invadopodia Function on
Collagen Fiber Spacing and Crosslinking: Computational Modeling and
Experimental Evidence,” Biophysical Journal, 2008. In press.

Hafeman, A. E., B. Li, T. Yoshii, K. Zienkiewicz, J. M. Davidson, and S. A.
Guelcher, “Injectable Biodegradable Polyurethane Scaffolds with Release of
Platelet-derived Growth Factor for Tissue Repair and Regeneration,”
Pharmaceutical Research, 2008. In press. 

Guelcher, S. A., “Biodegradable Polyurethanes: Synthesis and Applications
in Regenerative Medicine,” Tissue Engineering Part B 14(1), 3-17, 2008.

Guelcher, S. A., A. Srinivasan, J. Dumas, J. E. Didier, J. S. Doctor, S. B.
McBride, and J. O. Hollinger, “Synthesis, Mechanical Properties,
Biocompatibility, and Biodegradation of Polyurethane Networks from
Lysine Polyisocyanates,” Biomaterials 29, 1762-1775, 2008.

Dulaney, K. O., T. W. Pechar, J. O. Hollinger, S. A. Guelcher, A. S.
Goldstein, “Synthesis and Characterization of Segmented Poly(esterurethane
urea) (PEUUR) Elastomers for Bone Tissue Engineering,” Acta
Biomaterialia 3(4), 475-484, 2007.

Polymer degradation and ingrowth 
of cells and new tissue into polyure-
thane scaffolds implanted in a rat
tibia plug defect.
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G. Kane Jennings
Associate Professor of Chemical and Biomolecular Engineering
Ph.D., Massachusetts Institute of Technology

Research Interests
The modification and engineering of interfaces has vital consequences in
many technological applications. My research utilizes a molecular-level
approach to design and assemble tailor-made ultrathin organic films on
various surfaces to impact the processing of advanced materials. Two
fundamentally important systems that we study are self-assembled
monolayers (SAMs) and polymer films grown from surfaces by surface-
initiated and surface-catalyzed approaches. These systems are prepared
by straightforward immersion processes, can coat objects of any shape,
and represent highly uniform films with controlled thickness and com-
position to impact energy-related issues, including solar energy conversion
and proton conduction for fuel cells, as well as friction/wear, adhesion,
and wettability. 

! New Lubrication Strategies for Microelectromechanical Systems (MEMS).
We are working with Professor Clare McCabe to develop new strate-
gies to lubricate MEMS devices. We are currently using both experi-
mental and computational approaches to investigate the interfacial
behavior and lubricating properties of ionic liquids and self-assembled
monolayers as combined mobile/bound coatings. Upon examination
of just the bound monolayer coatings on silicon, a low-energy surface
(-CH3, -CH2-, -CF3) and a critical chain length of ~10 carbons are
required to achieve the lowest coefficients of friction. The use of mixed
monolayers containing a short component and a long component can
provide a dense underlayer and a liquid-like overlayer to yield low
coefficients of friction and oleophilic surface properties.

! Interfacial Engineering in Proton Exchange Membrane (PEM) Fuel Cells.
We are using surface-initiated, ring-opening metathesis polymerization
(ROMP) to prepare new fluorocarbon-containing, ion-conducting
thin films and achieve more highly conducting and better defined
interfaces for protons, oxygen, and electrons to combine with Pt cata-
lysts on the cathode side of the PEM fuel cell. The ionomer chains can
be grown from the surface of pore walls to provide direct transfer of
reactants to the catalytic surface without interfering with the perform-
ance of the catalyst. By molecular design of the monomers, we seek to
promote self-organization of the polymer chains to create a hydropho-
bic matrix for gas transport and hydrophilic channels for proton con-
duction. 

! Superhydrophobic Surfaces. Superhydrophobic interfaces, where advancing
and receding water contact angles exceed 160°, are useful for creating
self-cleaning surfaces, designing water-repellant materials, and promot-
ing slip at interfaces. We have developed a new surface-initiated strategy
to grow superhydrophobic polymethylene films from borane-modified
surfaces. These films can be grown from virtually any material and may
be useful as inexpensive, superhydrophobic top coats. We are also devel-
oping new synthetic strategies to prepare responsive monolayer films
that are assembled from precisely tailored macromolecular adsorbates. 

! Biomimetic Solar Energy Conversion with Photosystem I. We are develop-
ing biomimetic solar cells containing Nature’s optimized nanoscale com-
ponents harvested from green plants as the active elements. Our chief
component is Photosystem I (PSI), a 10 nm protein complex that func-
tions as a photodiode and is one of the fundamental machines that pow-
ers photosynthesis. We have prepared hand-held devices that contain
monolayer and multilayer films of PSI, which, along with aqueous
mediators, are sandwiched between electrode surfaces to convert light
into electrical current that can power simple calculators. Our results
show that PSI surface density and covalent attachment greatly affect the
performance of the cells. We have recently assembled PSI within ~100
nm-thick nanoporous gold leaf films (figure; scale bar = 300 nm) to
enhance the PSI/electrode interfacial area and boost photocurrents by up
to an order of magnitude.

Selected Publications
Faulkner, C. J., S. Lees, P. N. Ciesielski, D. Cliffel, and G. K. Jennings,
“Rapid Assembly of Photosystem I Monolayers on Gold Electrodes,”
Langmuir 24, 8409-8412, 2008.

Berron, B. J., E. P. Graybill, and G. K. Jennings, “Growth and Structure
of Surface-Initiated Poly(n-alkylnorbornene) Films,” Langmuir 23, 11651-
11655, 2007.

Bai, D., C. L. Hardwick, B. J. Berron, and G. K. Jennings, “Kinetics of
pH Response for Copolymer Films with Dilute Carboxylate
Functionality,” J. Phys. Chem. B. 111, 11400-11406, 2007.

Ciobanu, M., H. A. Kincaid, V. Lo, G. K. Jennings, and D. E. Cliffel,
“Voltammetric Studies of PSI Direct Electrochemistry,” J. Electroanal.
Chem. 599, 72-78, 2007.
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Paul E. Laibinis
Professor of Chemical and Biomolecular Engineering
Ph.D., Harvard University

Research Interests
Our work focuses on the assembly of systems whose performance is a
direct result of surface effects. These systems include chemical sensors,
antifouling coatings, responsive interfaces, and nanoparticle disper-
sions. A common element in these efforts is a molecular perspective
on the structure of species at surfaces as a way to control interfacial
behavior. Systems range in complexity from single-atom coatings use-
ful in chemical sensing to polymeric films employed to retard biomol-
ecule adsorption to arrays of immobilized DNA molecules for genetic
analyses or programmed multi-particle assembly. 

! Antifouling coatings. Using both molecular and polymeric
approaches, we prepare surfaces that are able to avoid non-specific
adsorption processes that often lead to losses in activity when
materials are introduced into biological media. We are developing
these strategies for enhancing the biological activity of species
when tethered to a surface as employed in biological sensing appli-
cations. Another effort involves tailoring the strength of adsorption
levels towards various biomolecules as a means for enhancing sepa-
ration processes that are limited in efficacy by non-specific adsorp-
tion events that lead to losses in activity.

! Chemical sensing. Electrodes modified to expose a monolayer of a
less noble metal can provide electrochemical signatures useful in
sensing applications. Our efforts are directed toward the integra-
tion of such readily fabricated electrodes within microfluidic sys-
tems as a means to provide automated measurements of specific
analytes.

! Magnetic nanoparticle dispersions. Nanoparticles offer a range of
useful properties by virtue of their high surface areas and short
interparticle separation distances. By chemically tailoring their sur-
faces, these particles can be prepared to have desired adsorptive (or
non-adsorptive) properties. By employing magnetic materials for
the core of the particle assembly, nanoparticle dispersions can be
directed to move or be collected while retaining their nanoscopic
properties. Their utility for performing separations and mixing in
microfluidic systems is under investigation.

! DNA at surfaces. Automated DNA synthesis provides an ability to
tailor surfaces with DNA strands of readily selectable sequence and
at controlled densities. Our efforts with these systems are directed
toward providing enhanced methods for performing genetic 
analyses, particularly in the area of single-nucleotide polymor-
phism detection. In another direction, we are using DNA as a pro-
grammable template on a surface for coding the directed self-
assembly of various structures into larger aggregates. Key goals are
establishing generic approaches for controlling the assembly of
multi-particle and multi-object systems into definable structures
for achieving new types of integrated functions.

Selected Publications 
Ditsch, A., P. E. Laibinis, D. I. C. Wang, and T. A. Hatton, “Controlled
Clustering and Enhanced Stability of Polymer-Coated Magnetic
Nanoparticles,” Langmuir 21 (2005), 6006-6018. 

Srivastava, P., W. G. Chapman, and P. E. Laibinis, “Odd-even Variations in
the Wettability of n-Alkanethiolate Monolayers on Gold by Water and
Hexadecane: A Molecular Dynamics Simulation Study,” Langmuir 21
(2005), 12171-12178.

Ditsch, A., S. Lindenmann, P.
E. Laibinis, D. I. C. Wang,
and T. A Hatton, “High-
Gradient Magnetic Separation
of Magnetic Nanoclusters,”
Ind. Eng. Chem. Research 44
(2005), 6824-6836. 

Suh, K. Y., J. Seong, A.
Khademhosseini, P. E.
Laibinis, and R. Langer, 
“A Simple Soft Lithographic
Route to Fabrication of
Poly(ethylene glycol)
Microstructures for Protein
and Cell Patterning,”
Biomaterials 25 (2004), 
557-563.

Meagher, R.J., J. Seong, P. E. Laibinis, and A. E. Barron, “A Very Thin
Coating for Capillary Zone Electrophoresis of Proteins Based on a Tri
(ethylene glycol)-terminated Alkyltrichlorosilane,” Electrophoresis 25 (2004),
405-414.

Choi, H.-G. and P. E. Laibinis, “Electrochemical Measurement of Chloride
by Underpotentially Deposited Silver Films on Polycrystalline Gold,” Anal.
Chem. 76 (2004), 5911-5917.

Moeser, G. D., K. A. Roach, W. H. Green, T. A. Hatton, and P. E. Laibinis,
“High Gradient Magnetic Separation of Coated Magnetic Nanoparticles,”
AIChE J. 50 (2004), 2835-2848.

Jennings, G. K., T.-H. Yong, J. C. Munro, and P. E. Laibinis, “Structural
Effects on the Protective Properties of Self-Assembled Monolayers Formed
from Long-Chain -Alkoxy-n-Alkanethiols on Copper,” J. Am. Chem. Soc.
125 (2003), 2950-2957.

Mo, G. C. H., J. Yang, S.-W. Lee, P. E. Laibinis, and D. Y. Kwok: “Self-pro-
pelled Drop Movement: Chemical Influences on the Use of Kinetic or
Equilibrium Approaches in Reactive Wetting,” in Contact Angle, Wettability
and Adhesion, Mittal, K. L. (ed.); Brill Academic Publishing, Portland, OR,
3 (2003), 293-308. 
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M. Douglas LeVan
J. Lawrence Wilson Professor of Engineering and 
Professor of Chemical and Biomolecular Engineering
Ph.D., University of California, Berkeley

Research Interests
The laboratory focuses broadly on gas-solid adsorption processes to
increase understanding and improve design methods. Research is bal-
anced equally between theory and experiment. Topics of current interest
include: 

! Adsorption equilibria for highly nonideal multicomponent mixtures and
microporous adsorbent materials. Our interests involve the thermody-
namic interpretation and accurate descriptions of adsorption equilib-
ria. Coadsorption of organic molecules and water on activated carbons
has been an area of major focus, as has measuring absorption equilib-
rium at ultra low concentrations. 

! Modeling of fixed-bed adsorption processes. We develop models of vary-
ing degrees of complexity. Some simple models are based on the
assumption of local equilibrium. More complex models include com-
plex equilibria, complex rate behavior, and nonisothermal behavior.
Additionally, we have developed general methods to give accelerated
convergence of the models to the final cyclic condition, i.e., the peri-
odic state. Recent emphasis has been on pressure swing adsorption,
temperature swing adsorption, and adsorptive refrigeration (providing
a halocarbon-free alternative to current heat pump technology). 

! Treatment of rate mechanisms for fixed-bed adsorption. We have been
developing novel frequency response methods for measuring rate
parameters. We also place emphasis on dispersion mechanisms.

! Synthesis and characterization of novel adsorbents. We are emphasizing
well-characterized, nanoporous carbonaceous materials. We also devel-
op methods to improve interpretation of pore size distributions.

Selected Publications
LeVan, M. D., G. Carta, (co-section eds.), “Adsorption and Ion
Exchange,” Section 16 in Green, D. W. (ed.), Perry’s Chemical Engineers’
Handbook (8th ed.), McGraw-Hill, New York, 2008, 69 pp.

Glover, T. G., K. I. Dunne, R. J. Davis, and M. D. LeVan, “Carbon-Silica
Composite Adsorbent: Characterization and Adsorption of Light Gases,”
Microporous and Mesoporous Materials 111, 1-11, 2008.

Glover, T. G., and M. D. LeVan, “Sensitivity Analysis of Adsorption Bed
Behavior: Examination of Pulse Inputs and Layered-Bed Optimization,”
Chem. Eng. Sci. 63, 2086-2098, 2008.

Schindler, B. J., and M. D. LeVan, “The Theoretical Maximum Isosteric
Heat of Adsorption in the Henry’s Law Region for Slit-Shaped Carbon
Nanopores, Carbon 46, 644-648, 2008.

Wang, Yu, and M. D. LeVan, “Nanopore Diffusion Rates for Adsorption
Determined by Pressure-Swing and Concentration-Swing Frequency
Response and Comparison with Darken’s Equation,” Ind. Eng. Chem.
Research 47, 3121-3128, 2008.

Wang, Yu, and M. D. LeVan, “Mixture Diffusion in Nanoporous
Adsorbents: Equivalence of Fickian and Maxwell-Stefan Approaches,” 
J. Phys. Chem. B 112, 8600-8604, 2008.

Schindler, B. J., L. C. Buettner, and M. D. LeVan, “Transition to Henry’s
Law in Ultra-Low Concentration Adsorption Equilibrium for n-Pentane
on BPL Activated Carbon,” Carbon 46, 1285-1293 (2008).

Wang, Yu, and M. D. LeVan, “Mixture Diffusion in Nanoporous
Adsorbents: Development of Fickian Flux Relationship and
Concentration-Swing Frequency Response Method,” Ind. Eng. Chem.
Research 46, 2141-2154 (2007).

Walton, K. S., M. B. Abney, and M. D. LeVan, “CO2 Adsorption in Y
and X Zeolites Modified by Alkali Metal Cation Exchange,” Microporous
and Mesoporous Materials 91, 78-84 (2006).

Walton, K. S., and M. D. LeVan “A Novel Adsorption Cycle for CO2
Recovery: Experimental and Theoretical Investigations of a Temperature
Swing Compression Process,” Sep. Sci. Technol. 41, 485-500 (2006).

Qi, N., W. S. Appel, M. D. LeVan, and J. E. Finn, “Adsorption Dynamics
of Organic Compounds and Water Vapor in Activated Carbon Beds,” Ind.
Eng. Chem. Research 45, 2303-2314, 2006.

Walton, K. S., and M. D. LeVan, “Natural Gas Storage Cycles: Influence
of Nonisothermal Effects and Heavy Alkanes,” Adsorption 12, 227-235,
2006.
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Clare McCabe
Associate Professor of Chemical and Biomolecular Engineering
Ph.D., Sheffield University

Research Interests
Computational technologies are increasingly impacting a wide range of
chemical industry applications, from molecular modeling on the atomistic
scale to process simulation and control. Our research uses a combination
of molecular simulation, computational quantum chemistry, and molecu-
lar theory to describe a wide range of systems with application in the
chemical industry, biotechnology, and environmental technology.

In particular, current projects include:

! Development and Application of Molecular Theories. The ability to accu-
rately predict the thermodynamic properties of fluids is central to
product and process design. Our work focuses on the development
and application of molecular-based approaches to determine the ther-
modynamic properties and phase behavior of a wide range of fluids
such as hydrocarbons, polymers, ionic liquids, and electrolytes.

! Molecular Modeling of Nanoscale Systems. Molecular modeling is a par-
ticularly useful tool for studying nanoscale systems where experimental
investigation is often difficult due to the time and length scales
involved. Areas of interest include understanding lubrication in
nanoscale devices and predicting the properties and solution behavior
of nanostructured materials, such as carbon nanotubes, polyhedral
oligomeric silsesquioxanes (Figure 1), and biological membranes.

! Improving the Efficiency of BioFuel Conversion. Biofuels are a very
promising component of the solution to the problem of meeting the
energy needs of the 21st century. However, the potential of biofuels is
currently limited by low efficiencies and high cost. Our work in this
area focuses on developing models and tools that can be used to
understand the biological depolymerization of cellulose by cellulases
(figure 2), with the ultimate aim of providing molecular-level insight
to enable the engineering of more efficient and active cellulases.

Selected Publications
Zhao, X., T. R. Rignall, C. McCabe, W. S. Adney, M. E. Himmel,
“Energy Storage Mechanism of the Trichoderma reesei Cel7A I Linker
Peptide from Molecular Dynamics Simulation,” Chemical Physics Letters
460, 284-288 (2008).

Zhong, L., J. F. Matthews, M. F. Crowley, T. Rignall, C. Talon, J. M.
Cleary, R. C. Walker, G. Chukkapalli, C. McCabe, M. R. Nimlos, C. L.
Brooks, M. E. Himmel, and J. W. Brady, “Interactions of the Complete
Cellobiohydrolase I from Trichoderma reesei with Microcrystalline
Cellulose Ib,” Cellulose 15 (2), 261-273 (2008).

Li, H.-C., C.-Y. Lee, C. McCabe, A. Striolo, and M. N. Neurock,
“Evaluation of the Structural Properties of Alkane Silsesquioxanes Using
Ab Initio Methods,” Journal of Physical Chemistry A 111, 3577-3584
(2007).

Peng, Y. and C. McCabe, “Molecular Simulation and Theoretical
Modeling of Polyhedral Oligomeric Silsesquioxanes,” Molecular Physics
105(2-3), 261-272 (2007).

Zhao, H. G., M. C. dos Ramos, and C. McCabe, “Development of an
Equation of State For Electrolyte Solutions by Combining the Statistical
Associating Fluid Theory and the Mean Spherical Approximation for the
Non Primitive Model,” Journal of Chemical Physics 126(24), 4503 (2007).

Morgado, P., R. Tomás, H. G. Zhao, M. C. dos Ramos, F. J. Blas, 
C. McCabe, and E. J. M. Filipe, “Solution Behaviour of Perfluoroalkanes
and Perfluoroalkylalkane Surfactants in n-octane,” Journal of Physical
Chemistry C 111 (43), 15962-15968 (2007).

Figure 1. The fundamental POSS cube (HSi01.5)8.
Silicon atoms are shown in yellow, oxygen in red,
and hydrogen in white.

Figure 2. Snapshot from a
molecular dynamics simula-
tion of the hydrated linker
peptide from a cellulase
enzyme above a cellulose
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Peter N. Pintauro
H. Eugene McBrayer Professor of Chemical Engineering
and Chair of the Department
Ph.D., ChE, University of California, Los Angeles

Research Interests
Proton-Exchange Membranes for Fuel Cells

! Composite Nanofiber Network Membranes. We are developing a com-
pletely new approach to ion-exchange membrane preparation, where
a three-dimensional interconnected network of electrospun polyelec-
trolyte nanofibers is created and then the interfiber voids are filled
with an inert/uncharged polymer. The polyelectrolyte composition,
fiber diameter, fiber volume fraction, and inert matrix polymer can
be chosen independently. The uncharged (hydrophobic) polymer
which surrounds each nanofiber restricts fiber swelling in water and
provides mechanical strength to the membrane.

! Alkaline Fuel Cell Membranes. Our approach is to fabricate a
phase-separated segmented copolymer anion-exchange membrane
with hydrophobic (non-polar) blocks to limit membrane swelling
and impart mechanical strength to the membrane and hydrophilic
(polyelectrolyte) blocks with backbone dimethyl ammonium
anion-exchange groups for OH- conduction. We are targeting
membranes with the following properties: (i) a hydroxyl ion con-
ductivity between 0.08 and 0.15 S/cm for a water-equilibrated
membrane at 25°C, (ii) a water swelling at 25°C of 25-75%, and
(iii) good mechanical properties when immersed in water or an
aqueous methanol solution.

! Polyphosphazene-Based Membranes. Polyphosphazenes, a class of
hybrid organic/inorganic polymers, are being investigated for use as
the membrane material in direct liquid methanol and hydrogen/air
PEM (proton exchange membrane) fuel cells. Work in this area
includes fundamental polymer chemistry (sulfonation of polymers,
polymer blending, and solid-state crosslinking), membrane charac-
terization (measurement of solvent permeability, proton conductivi-
ty, solvent swelling, and mechanical/thermal properties), and fuel
cell evaluation. 

! Space-Charge Models for Ion Uptake and Transport in Ion-Exchange
Membranes. Theories for multicomponent ion uptake and trans-
port are being developed and tested. The models consider solva-
tion free energy changes that occur during ion sorption, the orien-
tation of solvent dipoles inside a membrane pore (due to the
strong electric field generated by the membrane’s fixed charge
groups), and ion-pair formation between multivalent counterions
and membrane fixed-charge sites. Models have been applied to
sorption and transport of monovalent and monovalent/divalent
cation salt mixtures in Nafion® cation-exchange membranes and
in commercial anion-exchange membranes.

Organic Electrochemical Synthesis

! Organic electrochemical reactions are being carried out in PEM
(proton-exchange membrane) fuel cell reactors that do not require
a supporting electrolyte salt and can accommodate gaseous feed
streams. In one project, edible oils (e.g., soybean and canola oils)
have been partially hydrogenated electrochemically in a PEM reac-
tor. Partially hydrogenated oil products were characterized by a low
percentage of trans fatty acid isomers (which are known contribu-
tors to coronary heart disease) and a moderately/sufficiently high
concentration of saturated stearic acid for food applications. 

Selected Publications
Lin, J., P.-H Wu, R. Wycisk, A.
Trivisonno, A., P. N. Pintauro, “Direct
Methanol Fuel Cell Operation with Pre-
Stretched Recast Nafion, Journal of Power
Sources 183, 491-497 (2008).

Lin, J., P.-H. Wu, Wycisk, R., P. N.
Pintauro, and A. Shi, “Properties of
Water in Pre-Stretched Nafion,”
Macromolecules 41, 4284-4289 (2008).

Choi, J., K. M. Lee, R. Wycisk, P. N.
Pintauro, and P. T. Mather, “Nanofiber
Network Ion-Exchange Membranes,”
Macromolecules 41, 4569-4572 (2008).

Malewitz ,T., P. N. Pintauro, and D. B.
Rear, “Multicomponent Absorption of Anions in Commercial Anion-
Exchange Membranes,” Journal of Membrane Science 301, 171-179 (2007).

Lin, J., J. K. Lee, M. Kellner, R. Wycisk, and P. N. Pintauro, “Nafion-
Fluorinated Ethylene-Propylene Resin Membrane Blends for Direct
Methanol Fuel Cells,” Journal of the Electrochemical Society 153, A1325-
A1331 (2006).

Pintauro, P. N., M. P. Gil, K. Warner, G. List, and W. Neff,
“Electrochemical Hydrogenation of Soybean Oil with Hydrogen Gas,”
Industrial & Engineering Chemistry Research 44, 6188-6195 (2005).
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Scanning electron micrograph of
vapor-welded nanofibers composed
of sulfonated poly(arylene ether sul-
fone). The fibers are part of an elec-
trospun mat which forms the basis of
a new type of proton conducting fuel
cell membrane. The average fiber
diameter in the SEM is 170 nm.
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Bridget R. Rogers
Associate Professor of Chemical and Biomolecular Engineering
Ph.D., Arizona State University

Research Interests
The focus of our research is on surfaces, interfaces, and films of technically
important materials. We work to establish relationships between the process-
ing parameters, the material properties, and finally the performance of the
film in its proposed application. We create films using chemical vapor depo-
sition and characterize them using spectroscopic ellipsometry, medium ener-
gy ion beam backscattering, Rutherford backscattering spectrometry, Auger
electron spectroscopy, X-ray photoelectron spectroscopy, and X-ray diffrac-
tion. We currently have three project thrusts.

! UHV-CVD of metal oxide thin films for
high-permittivity gate dielectrics.
Application—CMOS transistors.

! Understanding the effects of high temperature,
dissociated oxygen/nitrogen environments on
materials exposed to extreme environment.
Application—Sharp leading edges and con-
trol surfaces for hypersonic flight.

! Engineer coatings that will perform in
high-temperature, high-flow, reactive
environments. Applications—Materials
protection for use in extreme environments.

Industrial Experience
1984-1998: Motorola, Inc., Semi-
conductor Products Sector, Mesa, AZ

Selected Publications
Raghuveer, R., S. L. Burkett, L. W. Schaper,
R. K. Ulrich, R. Geil, and B. Rogers, “Dual
Process Dielectric Formation for Decoupling
Capacitors on Flexible Substrates,” IEEE
Trans. Comp. Packaging Technologies 30 (4),
579-584, 2007.

Geil, R. D., M. Mendenhall, and B. R.
Rogers, “Effects Of Multiple Scattering And
Surface Roughness on Medium Energy
Backscattering Spectra,” Nuclear Inst. and
Methods, B, 256/2, 631-637, 2007.

Senkevich, J. J., W. Woods, B. P. Carrow, R. D. Geil, and B. R. Rogers,
“Amorphous Highly Conjugated Chemical-Vapor-Deposited Polymer Thin
Films,” Chem. Vap. Deposition 12, 285-289, 2006.

Geil, R. D., B. R. Rogers, R. A. Weller, and J. L. Hilton, “Evaluation
Depth-Resolution With Time-of-Flight Medium Energy Backscattering,”
Nuclear Inst. and Methods, B, 243/2, 377-384, 2006.

Fang, H., T. Miller, B. R. Rogers, R. H. Magruder III, R. A. Weller, “The
Effect of Oxygen Content on Piezoresistivity of Indium Tin Oxide Thin
Films Prepared by Pulsed Laser Deposition,” J. Appl. Phys. 97 (2005),
083502-1 – 083502-5.

Song, Z. and B. R. Rogers, “In-situ Ellipsometric Study of the Initial
Deposition of ZrO2 on H-Si and Native Silicon Oxide Surfaces by HV-
CVD,” JVST A, 23 (2005), 165-176.

Geil, R. D., B. R. Rogers, R. A. Weller, and Z. Song, “Interfacial Analysis
Using Time-of-Flight Medium Energy Backscattering,” JVST A, 22
(2004), 1129-1133.

Song, Z., B. R. Rogers, and N. D. Theodore, “Spectroscopic Ellipsometry
Characterization of Thin ZrO2 Films on Si (100) Deposited by HV-
MOCVD,” JVST A, 22 (2004), 711-718.

Marschall, Jochen, Adam Chamberlain, Daniel Crunkleton, and Bridget
Rogers, “Catalytic Atom Recombination on ZrB2/SiC and HfB2/SiC
Ultra-High Temperature Ceramic Composites,” AIAA Journal of Spacecraft
and Rockets 41 (2004), 576-581, 2004.

Rogers, B. R. and T. S. Cale, “Plasma Processes in Microelectronic Device
Manufacturing,” Vacuum 65 (2002), 267-279.

Rogers, B. R., “Underlayer Work Function Effects on Nucleation and Film
Morphology of CVD Aluminum,” Thin Solid Films 408 (2002), 87-96.

Telari, K. A., B. R. Rogers, L. Shen, H. Fang, R. A. Weller, and D. N.
Braski, “Characterization of Platinum Deposited by Focused Ion Beam-
Assisted Chemical Vapor Deposition,” J. Vac. Sci. Technol. B 20, no. 2,
(2002), 590-595.

Rogers, B. R., “AES Determination of Compositional Variation in
LPCVD Tungsten Silicide Films in Confined Spaces,” Surface and
Interface Analysis 18 (1992), 173.

Rogers, B. R., S. R. Wilson, and T. S. Cale, “Localized Corrosion of
Aluminum-1.5% Copper Thin Films Exposed to Photoresist Developing
Solutions,” JVST A 9, no. 3 (1991), 1616.

UHV-CVD reactor used for process-
property-performance studies

State-of-the-art XPS system used
for surface and interface charac-
terization

Spectroscopic ellipsometer used to
characterize materials
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Julie E. Sharp
Associate Professor of the
Practice of Technical
Communications
Ph.D., Vanderbilt
University

Research Interests
Professor Julie E. Sharp is
the chemical engineering
department’s resident tech-
nical communications pro-
fessor, preparing prospective
engineers for future writing and presentation tasks at work. Her research
interests are in the areas of communication and learning style theory in engi-
neering education. 

Professor Sharp has been recognized for her contributions to engineering
education. She uses learning style theory to promote targeting the audience
and enhancing teamwork skills. She earned the American Society of Engi-
neering Education (ASEE) Southeastern Section’s 2004 Thomas C. Evans
Award for “The Most Outstanding Paper Pertaining to Engineering Educa-
tion in 2003.” Her work applying Kolb learning theory and the Soloman-
Felder Index to Learning Styles to technical communication and engineering
classes has been recognized by Richard Felder in his January 2005 Journal of
Engineering Education article and previously in his December 1996 PRISM
article, “Matters of Style.” Her techniques and research on using e-mail as a
teaching tool were commended as innovative and summarized by a reporter
in the article, “You’ve Got Mail,” in the February 2001 PRISM magazine,
published by the American Society for Engineering Education.

Professor Sharp designs and instructs combined chemical engineering
lab/technical communication courses and team-teaches these with a chemi-
cal engineering professor. She also teaches a course in technical communica-
tion for all engineering majors, serving as course coordinator. Additionally,
she is available to help graduate and undergraduate students prepare for
communication tasks during a job search.

Professor Sharp has presented numerous papers and workshops on com-
munication and learning style theory for engineering educators, technical
communicators, students, and other professional groups. She regularly pres-
ents papers at national conferences, such as the American Society for Engi-
neering Education (ASEE) and Frontiers in Education (sponsored by ASEE
and IEEE). She is a member of the Society for Technical Communication
(past president of the Middle Tennessee Chapter), the Association of Profes-
sional Communication Consultants, the Conference on College Composi-
tion and Communication, and ASEE.

As a communication consultant, Professor Sharp specializes in business
and engineering documents and training workshops. Several of her projects
have won national and regional awards for clients.

Her Web site at www.vuse.vanderbilt.edu/~sharpje/persinfo.htm gives more
information, helpful links, and access to her online articles.

Selected Publications
Anderson-Rowland, M. R, and J. E. Sharp, “Helping Students (and Ulti-
mately Faculty) Write an Effective Recommendation Letter,” Proceedings of
the Frontiers in Education 2008 38th Annual Conference, CD-ROM, Octo-
ber 22-24, 2008, 5 pp., Saratoga, NY.

Sharp, J. E., “Interview Skills Training in the Chemical Engineering Labora-
tory: Transporting a Pilot Project,” American Society for Engineering Educa-
tion 2008 Conference Proceedings, CD-ROM, June 22-25, 2004, Paper
2008-567, Session 2213, 11 pp., Pittsburgh, PA.

Sharp, J. E., “Rationale and Strategies for Using Kolb Learning Style Theory
in the Classroom,” in Learning Styles and Learning: A Key to Meeting the
Accountability Demands in Education, R. R. Sims and S. J. Sims, eds. Haup-
pauge, NY: Nova Science Publishers, Inc., 2006, pp. 93-113. (invited book
chapter)

Sharp, J. E., “Work in Progress: Using Mock Telephone Interviews with
Alumni to Teach Job Search Communication,” Proceedings of the Frontiers in
Education 2006 36th Annual Conference, CD-ROM, October 29-31, 2006,
2 pp., San Diego, CA.

Sharp, J. E., “Using Alumni Networking to Teach Technical Communica-
tion,” American Society for Engineering Education 2004 Conference Proceed-
ings, CD-ROM, June 20-23, 2004, Paper 2004-1005, Session 2661, 8 pp.,
Salt Lake City, UT.

Sharp, J. E., “A Resource for Teaching a Learning Styles/Teamwork Module
with the Soloman-Felder Index of Learning Styles,” Proceedings of the Frontiers
in Education 2003 33rd Annual Conference, CD-ROM, November 5-8, 2003,
5 pp., Boulder, CO. Online at http://fie.engrng.pitt.edu/ fie2003/papers/1336.pdf.

Sharp, J. E., “Teaching Strategies for Integrating Communication in the
Chemical Engineering Lab,” American Society for Engineering Education
2003 Conference Proceedings, CD-ROM, June 22-25, 2003, Paper 2003-
859, Session 2793, 11 pp., Nashville, TN. Online at http://www.asee.org
/conferences/caps/document//2003-859_Final.pdf. Winner of the ASEE South-
eastern Section’s 2004 Thomas C. Evans Award for “The Most Outstanding
Paper Pertaining to Engineering Education in 2003.” 

Sharp, J. E., “Teaching Teamwork Communication with Kolb Learning
Style Theory,” Proceedings of the Frontiers in Education 2001 32nd Annual
Conference, CD-ROM, October 10-13, 2001, 2 pp., Reno, NV. Online at
http://fie.engrng.pitt.edu/fie2001/papers/1273.pdf.

Sharp, J. E., “E-teaching with E-mail,” Proceedings of the Frontiers in Educa-
tion 2000 31st Annual Conference, October 2000, 6 pp., Kansas City, MO.
Online at http://fie.engrng.pit.edu/fie2000/papers/1107.pdf.

Sharp, J. E., “E-mail as a Teaching Tool: More Perks Than Problems,” Ameri-
can Society for Engineering Education 2000 Conference Proceedings, CD-ROM,
June 18-21, 2000, Paper 2130, Session 2230, 13 pp., St. Louis, MO. Online
at http://www.asee.org/conferences/search/20190.pdf.

Sharp, J. E., B. M. Olds, R. L. Miller, and M. A. Dyrud, “Four Effective
Writing Strategies for Engineering Classes,” Journal of Engineering Educa-
tion, vol. 88, no. 1 (January 1999), 53-57.
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Jamey D. Young
Assistant Professor of Chemical and Biomolecular Engineering 
Ph.D., Purdue University 

Research Interests
Research in the Young lab involves development and application of quantita-
tive approaches to analyze and redirect metabolism. Our work relies on both
experimentation and computation. We collect high-resolution metabolite
measurements from cell culture and in vivo experiments and leverage them
with rigorous mathematical modeling to maximize the descriptive and predic-
tive power of those measurements. Our primary tools include the use of stable
isotope tracers and mass spectrometry (GC- and LC-MS) to perform meta-
bolic flux analysis (MFA) and comprehensive metabolic profiling (see inset).
Combining these approaches with measurements of intracellular signaling and
gene expression provides an integrated approach to study physiology across
many functional and regulatory levels and to interrogate the system-wide
response of cells, tissues, or whole organisms to targeted perturbations.

We are applying these tools to several prominent biomedical and biotech-
nological problems. Working with researchers in the Vanderbilt Diabetes
Research and Training Center (VDRTC) and Mouse Metabolic Phenotyp-
ing Center (MMPC), we are developing novel isotope tracer methods to
study in vivo metabolism in whole animals and to investigate the effects of
metabolic disorders such as obesity and type 2 diabetes. Another line of
research involves collaborators at the Vanderbilt-Ingram Cancer Center. We
are applying MFA to explore the metabolic differences between tumor cell
lines that vary in their degree of tumorigenicity and invasiveness. This will
allow us to pinpoint the metabolic pathways that are altered in cancer cells
and determine how those changes promote tumor growth. Finally, we are
applying our metabolic analysis tools to improve mammalian cell lines used
in the production of therapeutic proteins. This requires a rational metabolic
engineering approach relying on MFA and metabolic profiling to quantify
the effects of imposed genetic changes and to then use those findings to
guide further strain improvement.

Selected Publications
Young, J. D., K. L. Henne, J. A. Morgan, A. E. Konopka, and D.
Ramkrishna, “Integrating Cybernetic Modeling with Pathway Analysis
Provides a Dynamic, Systems-level Description of Metabolic Control,
Biotechnology and Bioengineering 100, 542–59, 2008.

Young, J. D., J. L. Walther, M. R. Antoniewicz, H. Yoo, and G.
Stephanopoulos, “An Elementary Metabolite Unit (EMU) Based Method
of Isotopically Nonstationary Flux Analysis,” Biotechnology and
Bioengineering 99, 686-99, 2008.

Young, J. D. and D. Ramkrishna, “On the Matching and Proportional
Laws of Cybernetic Models,” Biotechnology Progress 23, 83-99, 2007.

Young, J. D., K. L. Henne, J. A. Morgan, A. E. Konopka, and D.
Ramkrishna, “Cybernetic Modeling of Metabolism: Towards a Framework
for Rational Design of Recombinant Organisms,” Chemical Engineering
Science 59, 5041-9, 2004. 
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An integrated metabolomic approach to study mammalian
physiology and pathophysiology using isotope tracers. We
apply MFA and metabolic profiling to quantitatively deter-
mine intracellular fluxes (size of arrows) and metabolite
concentrations (size of circles). Both analyses are enabled
by powerful GC- and LC-MS methods that can simultane-
ously measure metabolite abundance and isotopic labeling.
By comparing metabolic maps obtained under varying con-
ditions, we can pinpoint the effects of genetic and environ-
mental changes within the metabolic network.

Control Treatment
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Tomlinson Fort
Centennial Professor of Chemical and 
Biomolecular Engineering, Emeritus
Ph.D., University of Tennessee

Research Interests
My research is in surface chemistry. Recent work has included studies of
capillary pressure driven flow of liquids in wet unsaturated porous media
and of the thickness of solvation layers on nanoparticles dispersed in dif-
ferent fluids. Results of this work are fundamental to understanding and
optimizing a wide range of solid-liquid systems where interfaces control
system behavior.

Selected Publications
Song, S., Y. Zhang, and Tomlinson Fort, “Viscosity Method for the
Determination of the Thickness of Solvation Layers Near Particles
Dispersed in a Liquid,” Surf. Rev. Lett. 12, 457-462 (2005). 

Peng, Changsheng, Shaoxian Song, and Tomlinson Fort, “Study of
Hydration Layers Near a Hydrophilic Surface in Water Through AFM
Imaging,” Surf. Interface Anal. 38, 975-980 (2006).

Karkare, Milind V., and Tomlinson Fort, “Effect of Temperature on
Surfactant Driven Water Movement in Wet Unsaturated Sand,” Langmuir
18, 2190 (2002).

Song, S., S. Lu, A. Lopez-Valdivieso, and Tomlinson Fort, “Aggregation
Rate of Fine Particles in Turbulent Flows,” J. Dispersion Science and
Technology 25, 67 (2004).

Song, S., C. Peng, M. A. Gonzalez-Olivares, A. Lopez-Valdivieso, and
Tomlinson Fort, “Study on Hydration Layers Near Nanoscale Silica
Dispersed in Aqueous Solutions Through Viscosity Measurement,” 
J. Colloid Interface Sci. 287, 114 (2005).

R
O

T
HJohn A. Roth

Professor of Chemical and Biomolecular Engineering, Emeritus
Professor of Environmental Engineering, Emeritus 
Ph.D., University of Louisville

Research Interests
Research is being carried out on chemical oxidation of pollutants, the
emissions of volatile organic carbons (VOCs) from surface impound-
ments, and the efficient production of oxygen by the reduction of
ilmenite.

Selected Publications
Roth, J. A., J. G. Placke, and A. R. Bowers, “The Degradation of
Methyl tert-Butyl Using Complexed Ferrous Iron and Hydrogen
Peroxide at Near-neutral pH,” Environmental Science & Technology
(under review).

Roth, J. A., E. E. Butler, and K. A. Debelak, “Ilmenite (FeTiO3)
Reduction with Hydrogen,” Space Resources Utilization Roundtable III,
Colorado School of Mines, October 25, 2001.

Tachiev, G., J. A. Roth, and A. R. Bowers, “Kinetics of Hydrogen
Peroxide Decomposition with Complexed and ‘Free’ Iron Catalysts,”
International Journal of Chemical Kinetics 5 (January 2000), 24-35.
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Robert D. Tanner
Professor of Chemical and Biomolecular Engineering, Emeritus
Ph.D., Case Western Reserve University

Research Interests
Research is being carried out in the area of separating proteins in the labora-
tory by bubble and foam fractionation processes. These processes are promis-
ing engineering tools for protein concentration and separation because they
are simple and inexpensive and can be readily scaled up from laboratory-size
to commercial-size equipment. Such on-line protein separation processes,
when combined with protein-producing reactors (such as fermentors), have
much potential for reducing the cost of protein recovery in the pharmaceuti-
cal and food industries. One of the problems with foam fractionation, how-
ever, is that the bubbles required in the process can denature some biological-
ly active proteins, such as enzymes. Under extreme conditions (e.g., low and
high pH), proteins can lose their desired structure and function. 
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Research Interests
Production of biodiesel by alternative methods. The objective of this investi-
gation is to examine the methods of the production and purification of
biodiesel from vegetable oils, both fresh oil and used oil. We have been
working on the development of a solid base catalyst for biodiesel produc-
tion as a replacement for the current sodium hydroxide catalyst. We are
also looking at using supercritical carbon dioxide as reaction solvent for
the methanol and oil. The effects of the various biodiesel products on
operation of a diesel engine and a diesel electric generator will be deter-
mined. The methods of purification of used oil, by filtration for example,
without conversion to biodiesel also will be examined. Then the effect of
this purified oil on operation of a diesel engine and electric generator also
will be carried out.
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T he Nashville area is home to more than a dozen colleges and universities that attract
some 30,000 students from the United States and around the world to Middle
Tennessee. These institutions form a broad, influential community of higher education
that has earned Nashville the title “Athens of the South.” Nashville offers many types of
entertainment, including the Nashville Symphony, the Nashville Ballet, the Nashville

Opera Association, a number of professional and amateur theatre companies, two professional
sports teams, and the Nashville Zoo. Many nationally known rock, jazz, blues, pop, and coun-
try musicians live and perform in the Nashville area. Local residents enjoy a variety of restau-
rants that include unique eateries, eclectic cafes, and many different ethnic restaurants.

More than seventy art galleries complement the exhibits and collections of the Tennessee
State Museum, the Sankofa-African Heritage Museum, the Evins Appalachian Center for Crafts
(nearby, in Smithville), the Adventure Science Center, the Parthenon, Frist Center for the
Visual Arts, and the Cheekwood Botanical Gardens and Museum.

Nestled in the central basin of Tennessee and rimmed by wooded hills, Nashville has many
outdoor recreational opportunities. A network of public parks and two large lakes are within
about thirty minutes of campus. The Great Smoky Mountains National Park in East Tennessee
offers extensive and beautiful hiking trails and is about a three-hour drive away.

A B•U T  

N
A

S
H

V
IL

L
E



Vanderbilt University is committed to principles of equal opportunity
and affirmative action. Vanderbilt University Creative Services and

Vanderbilt Printing Services, 2008. Photos by Daniel Dubois, 
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