
 

GRADUATE RESEARCH OPPORTUNITIES 



 
BIOMATERIALS AND BIOTECHNOLOGY 

Biomaterials: Magnetic materials are being used to create novel therapies and medical diagnostics, 
such as detection of diseased tissue, cancer treatment, and triggered drug release. Also, tissue 
engineering principles are used to create improved models to better treat cancer. 

Nanobiotechnology: Research activities consist of preparation of nanomaterials using biological 
scaffolds, development of improved drug systems, and environmental effects of nanomaterials. 

Cell Engineering: Advanced bioprocessing techniques are being used to grow large-scale quantities 
of cancer stem cells, in order to assist translational medicine and cancer therapies.  Also, metabolic 
engineering is allowing large-scale production of biofuels and pharmaceuticals. 

COMPUTATIONAL 

Molecular Simulations and Electronic Structure Calculations: This research involves applying 
molecular-level simulations and electronic structure calculations to predict the thermodynamics and 
properties of molecules, bio-molecules, fuel cells, membranes, and new catalysts.  

ELECTRONIC MATERIALS AND DEVICES 

Electronic Materials/Thin Films: Research addresses the fundamental understanding of atomic 
scale processes occurring during the synthesis of electronic materials. Special emphasis is given 
towards deducing the chemical reactions, thermodynamic driving forces and physical phenomena 
that govern the material’s physical, optical and electronic properties.  Recent investigations also 
include research in the area of stretchable electronics and soft robotics. 

Synthesis of Electronic Materials: This research effort focuses on the controlled synthesis and 
assembly of nanomaterials and nanostuctures. The objective of this effort is the discovery of novel 
phenomena exhibited by materials in the nanoscale. 

ENERGY/ENVIRONMENTAL/WATER 

Alternative Energy: Heterogeneous catalysis is used to produce and purify hydrogen from fossil 
fuels. Electrocatalysis is studied for fuel cell electrodes, photovoltaics, batteries, and supercapacitors. 
Major objectives include improving the activity and stability of the catalysts and finding less 
expensive metals. Biogas is produced from wastewater treatment sludge. 

Functionalized Membranes for Separation and Reaction: Research involves addition of 
adsorption and catalytic properties to porous membranes and thin films through the grafting of 
functional polymers.  Research includes high capacity membrane adsorbers for monoclonal 
antibodies, pharmaceuticals, heavy metals, and catalytic membranes for alkylation and 
esterification. 

Industrial Gas Capture: Ionic liquids and related compounds are being investigated as green 
solvents for capturing industrial CO2 emissions and many other applications. They can also be used 
for natural gas sweetening, by removing H2S and NH3 from the natural gas. 

Sensors: Advanced nanomaterials, novel diagnostic/ environmental nanomaterial sensor platforms, 
and polymer composites are being developed for both societal and basic science advancement. 
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Dr. Bao’s group focuses on designing novel
multifunctional nanoparticles for biomedical
applications, such as targeted drug delivery,
bio‐imaging, and drug discovery.

Magnetic nanoparticles have significantly advanced cancer treatments
through targeted drug delivery and localized therapy. Magnetic
nanoparticles further make simultaneous therapy and diagnosis possible
as magnetic resonant imaging (MRI) contrast agents.

One of the unique aspects of Bao’s research is the creation of a suite of
iron oxide nanoparticles of different shapes as MRI contrast agents and
for other biotechnology related applications. These shapes include
spheres, cubes, nanowires, plates, flowers, etc.

Much of Dr. Bao’s works are directly related to the engineering of material
interfaces. Her group developed a facile method to attach various
molecules onto nanoparticle surfaces for water solubility and desirable
functionality, such as tumor targeting.

In collaboration with UAB and Biological Science Department at UA, Bao’s
group also designs nanostructures for delivery of modulators drugs to the
brain and nanostructures for drug screening from complex matrices.

Yuping Bao
Associate Professor
Ph.D. Materials Science and 
Engineering and Nanotechnology
University of Washington, 2006

Recent Publications

1. Bao, Y. Sherwood, J., Sun, Z.,
Magnetic iron oxide nanoparticles as
T1 contrast agents for magnetic
resonance imaging, J. Mater. Chem.
C 6, 1280-1290 (2018).

2. Sherwood, J.; Rich, M.; Lovas, K.;
Warram, J.; Bolding, M. S.; Bao, Y., T1

enhanced MRI-visible nanoclusters
for imaging-guided drug delivery.
Nanoscale 9, 11785 – 11792 (2017).

3. T. Macher, J. Totenhagen, J.
Sherwood, Y. Qin, D. Gurler, M. S
Bolding and Y. Bao, Ultrathin iron
oxide nanowhiskers as positive
contrast agents for magnetic
resonance imaging. Adv. Funct. Mater.
25, 490–494 (2015).
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Dr. Bara’s research group is focused on

development of advanced polymer materials,

processes for clean energy production, green

chemical manufacture, 3‐D printing, big data,

and scientific apps for iPhones and iPads.

Dr. Bara is a recognized leader in the design and synthesis of

advanced polymers and composites based on ionic liquids. These

materials provide unprecedented opportunities to create stable

nanostructured materials with highly tunable chemical and physical

properties for applications including CO2 capture, water purification,

superabsorbents and 3‐D printing.

Capturing CO2 from power plant flue gas and other industrial

sources is one of the greatest engineering challenges of the 21st

Century. Dr. Bara’s group focuses on the design and study of new

high‐performance solvents to efficiently capture CO2 and/or SO2 at

various process conditions. Several solvents developed in Dr. Bara’s

lab are in the process of being commercialized and have been tested

in large pilot plant demonstration projects.

Dr. Bara’s group is also studying “green” solvents from glycerol and

other renewable resources and developing straightforward

methodologies for their mass production.

Dr. Bara has also developed several widely used apps for

iPhones/iPads including Chemical Engineering AppSuite, ODEsseus

and Engineering Unit Converter.

Jason E. Bara
Associate Professor
Ph.D. Chemical Engineering
University of Colorado at Boulder, 2007

Recent Publications

1. Flowers, B. S.; Mittenthal, M. S.;
Jenkins, A. H.; Wallace, D. A; Whitley,
J. W.; Dennis, G. P.; Wang, M.;
Turner, C. H.; Emel’yanenko, V. N.;
Verevkin, S. P.; Bara, J. E. 1,2,3‐
Trimethoxypropane: A Glycerol‐
Derived Physical Solvent for CO2

Absorption. ACS Sustain. Chem. Eng.
2017, 5, 911‐921

2. Whitley, J. W.; Benefield, S. C.; Liu,
H.; Burnette, M. T.; Turner, C. H.;
Bara, J. E. Photopolymerization
Behavior of Coordinated Ionic Liquids
Formed from Organic Monomers
with Alkali and Alkaline Earth Metal
Bistriflimide Salts. Macromol. Chem.
Physic. 2017, 218, 1600358.

jbara@eng.ua.edu  ◦ http://jbara.eng.ua.edu/ ◦ (205) 348‐6836  ◦ Twitter: @ProfBara

Advanced Polymers and Materials, CO2 Capture Processes, 
“Green” Chemistry, Ionic Liquids, 3‐D Printing, Big Data, 
Chemical Engineering Mobile Apps
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Christopher Brazel
Associate Professor
Ph.D. Chemical Engineering
Purdue University, 1997

Recent Publications
1. Shah, R.R., T.W. Linville, A. Whynot

and C.S. Brazel, “Evaluating the
toxicity of bDtBPP on CHO-K1 cells
for testing of single-use
bioprocessing systems considering
media selection, cell culture volume,
mixing, and exposure duration,”
Biotech. Progress 32, 1318-1323
(2016).

2. R.R. Shah, A.R. Dombrowsky, A.L.
Paulson, M.P. Johnson, D.E. Nikles,
and C.S. Brazel, “Determining iron
oxide nanoparticle heating efficiency
and elucidating local nanoparticle
temperature for application in
agarose gel-based tumor model,”
Mater. Sci. Eng. C 68, 18-29 (2016).

3. A.L. Glover, S.M. Nikles, J.A. Nikles,
C.S. Brazel, D.E. Nikles, Polymer
Micelles with Crystalline Cores for
Thermally Triggered Release,
Langmuir 28, 10653-10660 (2012).

cbrazel@eng.ua.edu  ◦ cbrazel.people.ua.edu ◦ (205) 348-9738
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Christopher Brazel
Toxicological Evaluation of Novel Materials, Polymers, Magnetic 
Hyperthermia, Nanotherapeutics, Single-use Bioprocessing Films

The Brazel Laboratory is interested in developing
and understanding the chemical and biological
properties of materials for medical,
biopharmaceutical, and chemical processing
applications. Recent foci in the lab include: (1)
developing a robust toxicology assay to evaluate
polymer films for single-use cell
culture/fermentation as well as ionic liquids used
in recycling of materials, and (2) development of
targeted magnetic micelles that combine
hyperthermia with drug release for cancer
therapy.
We seek to understand the fundamental chemistry and physics of the
materials and phenomena to guide the optimization of materials used in
bio- and chemical-processing and drug delivery devices, while considering
the interaction of new materials with both the human body (therapeutic
effect) and the environment (potential toxicology).

In the area of toxicology, the biopharmaceutical industry is
growing ever-more dependent on single-use plastics for
sterile, off-the shelf solutions to growing cells. With
this comes the potential exposure of cells used to manu-
facture complex medicines to plastics additives that
may impair cell growth or lead to unsafe by-products.
By developing toxicological assays, standardized tests can
be developed to compare products made across the in-
dustry and safer plastics developed to ensure high quality production.

In the area targeted magnetic micelles, the combination of nanoparticles
with polymeric micelles allows a magnetic field to trigger release of
chemotherapy agents. Our lab includes synthesis of iron oxide
nanoparticles, self-assembly of poly(caprolactone-b-ethylene glycol) block
copolymers and characterization of the properties and functionality of
these materials. Electron microscopy (TEM image of magnetic micelles
below, left), and high frequency magnetic heating (envisioned using an
infrared camera, bottom right) are used to validate the system.



Dr. Esfahani ’s group uses a multidisciplinary
approach to develop novel functionalized
membranes with ultimate goal of water ‐
wastewater treatment and energy
production.
Our research field is at the interface of several disciplines including
separation science, nanotechnology, materials science and colloid science
that links to the water‐energy‐food nexus. In the field of functionalized
membranes, we are developing catalytic membranes with self‐cleaning
properties where they can provide higher permeability and less fouling. .
Our research group will develop different strategies to incorporate
nanoparticles with specific properties such as photo catalytic activity of
titanium dioxide nanoparticles, highly adsorptive properties of multiwall
carbon nanotube, anti‐bacterial properties of silver nanoparticles, and
high absorptive properties of gold nanoparticles to the polymeric
structure of the membranes for creation of advanced self‐cleaning
membranes. We use both computational and experimental approaches to
design engineered membranes for water desalination, water purification
and energy production. Also, in the field of nanomaterials environmental
safety, we are studying the transport and fate of nanomaterials in aquatic
environment.

Recent Publications
1. M. R. Esfahani, V. L. Pallema, H. A.

Stretz, M. J. M. Wells, Core‐size
regulated
aggregation/disaggregation of
citrate‐coated gold nanoparticles
(5–50 nm) and dissolved organic
matter: Extinction, emission, and
scattering evidence, Spectro. Acta
Part A: Molecular and Biom.
Spectroscopy 189, 415–426 (2018).

2. M. R. Esfahani, E. M. Languri, M. R.
Nunna, Effect of particle size and
viscosity on thermal conductivity
enhancement of graphene oxide
nanofluid, Inter. Communications
in Heat and Mass Transfer 76, 308–
315 (2016).

3. M. R. Esfahani, H. A. Stretz, M. J.
M. Wells, Effects of a dual
nanofiller, nano‐TiO2 andMWCNT,
for polysulfone‐based
nanocomposite membranes for
water purification, Desalination
372, 47–56 (2015).

mesfahani@eng.ua.edu  ◦ http://mesfahani.people.ua.edu ◦ (205) 348‐8836

Nano‐composite Membranes 
Fabrication and Characterization

Milad Rabbani EsfahaniMilad Rabbani Esfahani

Natural organic matters – Nanoparticles Interaction

Functionalized Membranes For Sustainable Water and Energy Production, 
Water Purification and Desalination, Nanomaterials Environmental Safety

Milad R. Esfahani
Assistant Professor
Ph.D. Chemical Engineering
Tennessee Tech. University, 2015

CFD Modeling of Transport Phenomena in 
Membranes  



Dr. Gupta’s group focuses on controlled
synthesis and assembly of nanomaterials and
nanostructures, with emphasis on the
exploration and manipulation of materials’
physical and chemical properties and their
potential applications.
Spintronics, also known as magneto‐electronics, is an emerging
technology which exploits the intrinsic spin of electrons and its associated
magnetic moment, in addition to its fundamental electronic charge, in
solid‐state devices. Spintronics exploits electron spin, creating a new class
of devices that can potentially be scaled down to nano‐dimensions and
can also provide additional functionality. The group is interested in the
growth and characterization of novel magnetic thin films by a variety of
deposition techniques, including chemical vapor deposition, pulsed laser
deposition, etc. for the fabrication of devices, such as magnetic tunnel
junctions and spin‐based semiconductors, and their application for
storage, memory, and logic‐based devices.

Nanomaterials are of great interest for a wide range of applications,
including catalysis, data storage, biotechnology/biomedicine, etc. In
particular, the synthesis of monodisperse uniform‐sized nanocrystals
using solution‐based methods is of key importance for these applications
because of their strong dimension‐dependent physical and chemical
properties. Dr. Gupta’s research group is interested in the synthesis of
functional oxides and chalcogenides in the form of nanoparticles and
other nanostructures with controlled shape, size, structure, etc.

In addition to traditional methods for the synthesis of inorganic
nanomaterials, novel approaches are being developed that exploit
advances in biotechnology. The bio‐inspired approach to materials
synthesis has successfully utilized cells, viruses, and biomolecules, such as
nucleic acids, proteins, etc., to produce inorganic nanomaterials with
controlled crystal morphology, phase structure, and size, under mild
conditions.

Arunava Gupta
Professor
Ph.D. Chemical Physics
Stanford University, 1980

Recent Publications
1. K. Ramasamy, R. K. Gupta, S.

Palchoudhury, S. Ivanov, and A.
Gupta, Layer‐Structured Copper
Antimony Chalcogenides (CuSbSexS2‐
x): Stable Electrode Materials for
Supercapacitors, Chem. Mater. 27,
379 (2015).

2. Z. Zhou, G. J. Bedwell, R. Li, N. Bao, P.
E. Prevelige, and A. Gupta, P22
Virus‐like Particles Constructed
Au/CdS Plasmonic Photocatalytic
Nanostructures for Enhanced
Photoactivity, Chem. Commun. 51,
1062 (2015).

3. Z. Shan, D. Clayton, S. Pan, P. S.
Archana, and A. Gupta, Visible Light
Driven Photoelectrochemical
Properties of Ti@TiO2 Nanowire
Electrodes Sensitized with Core‐Shell
Ag@Ag2S Nanoparticles, J. Phys.
Chem. B 118, 14037 (2014).

agupta@mint.ua.edu ◦ http://www.bama.ua.edu/~agupta/ ◦ (205) 348‐3822

Arunava GuptaArunava Gupta
Controlled Synthesis and Assembly of Nanomaterials and 
Nanostructures



Dr. Huang’s group focuses on developing
electrochemical technologies to fabricate new
materials and structures for applications in
microelectronics, renewable energy, and
biomedical devices.

Recent Publications
1. Q Huang, and TW Lyons,

Electrodeposition of Rhenium with
Suppressed Hydrogen Evolution from
Water-in-salt Electrolyte, Electrochem.
Comm. 93, 53 (2018).

2. WD Sides and Q Huang,
Electrodeposition of Manganese Thin
Films on a Rotating Disk Electrode
from Choline Chloride – Urea Based
Ionic Liquids, Electrochim. Acta 266,
185 (2018).

3. Q Huang, R Gyorgak, and R Pak,
Electrochemical Formation of
Freestanding 3D Structures using
Injection of Additives, J. Electrochem.
Soc. 164, D737 (2017).

4. Q Huang, TW Lyons, and WD Sides,
Electrodeposition of Cobalt for
Interconnect Application: Effect of
Dimethylglyoxime, J. Electrochem. Soc.
16, D715 (2016).

qhuang@eng.ua.edu  ◦ http://eeml.ua.edu ◦ (205) 348-4581

Qiang Huang
Electrochemical Engineering for Nanomaterials, Nanostructures and 
Nanodevices

Qiang Huang
Assistant Professor
Ph.D. Chemical Engineering
Louisiana State University, 2004

Chalcogenide compounds of transition metals find a variety of

applications, including phase change (see above on the right) memory,

piezoelectric switches, thin film solar cells as well as electro- and photo-

catalysts. Our group is developing electrodeposited chalcogenide

nanomaterials including thin films, nanowires and nanoparticles for those

applications. Our research focuses on the understanding of nucleation

and growth of such nanomaterials with a long term goal to make

electrodeposition the viable process to fabricate memory devices.

Interconnect is a network of metal wires in integrated circuits, which

enables the communication between semiconductor devices. The state-

of-the-art Cu interconnects (below left figure) is currently facing a big

challenge, where Cu resistivity increases exponentially as the dimension

of wires decreases. We are exploring the chemistry and process to enable

the fabrication of interconnects with other metals, which do not suffer

the same resistivity increase. In addition, we are investigating the

electrodeposition of novel interconnects for quantum computers.

100 nm

Other focuses of our research include the

development of a 3-D printing technology for

metals based on electrodeposition. In addition,

we are developing a biomedical device using

electrochemically created nanomaterials.

Anodization methods to create nanopore

templates with controlled pore location and

size are investigated. Furthermore, nanowires

with compositional modulation at nanometer

scale are fabricated (see on the right).



Yonghyun (John) Kim
Associate Professor
Ph.D. Chemical Engineering
Univ. Maryland Baltimore County, 2008

Recent Publications
1.Nakod PS, Kim Y, and Rao SS, Biomimetic

models to examine microenvironmental
regulation of glioblastoma stem cells,
Cancer Letters 429, 41-53 (2018).

2.Triantafillu UL, Nix JN, and Kim Y, Novel
fluid shear-based dissociation device for
improved single cell dissociation of
spheroids and cell aggregates,
Biotechnology Progress 34, 293-298
(2018).

3.Triantafillu UL, Park S, Klaassen NL,
Raddatz AD, and Kim Y, Fluid shear stress
induces cancer stem cell-like phenotype
in MCF7 breast cancer cell line without
inducing epithelial-to-mesenchymal
transition, International Journal of
Oncology 50, 993-1001 (2017).

4.Magrath JW and Kim Y, Salinomycin's
potential to eliminate glioblastoma stem
cells and treat glioblastoma multiforme,
International Journal of Oncology 51,
753-759 (2017).

ykim@eng.ua.edu  ◦ http://ykim.eng.ua.edu ◦ (205) 348-1729

The Kim laboratory is working on
bioprocessing expansion of cancer stem cells
to better assist translational medicine.
Cancer stem cells (CSCs) are considered the
stem cell-like pluripotent cancer cells that
cause relapse in patients even after the most
rigorous treatment.

Pharmaceutical companies, however, typically use several decades-old
cancer cell lines during their drug development because, among many
reasons, (1) CSCs are hard to acquire and (2) are limited in number. It is
becoming increasingly recognized, however, drug development must be
based on CSCs to develop better drugs that target the "real culprit" in
tumors. Therefore, the work at the Kim Laboratory aims to bridge the
oncologists with the engineers by developing large scale quantities of
CSCs using engineering principles and systems biology tools (e.g.
proteomics) for the mass production of CSCs from primary patient tissues
and cell culture. By doing so, they hope to assist in the drug development
by providing a more relevant and closer-to-clinic resource of cancer cells.

Yonghyun (John) Kim
Bioprocessing, Oncology, Systems Biology, Translational Medicine



Tonya Klein
Associate Professor
Ph.D. Chemical Engineering
North Carolina State University, 1999

As electronic, magnetic and photonic
devices become more sophisticated, there is
an ever‐pressing need to fully understand
the physics and chemistry of solid
interfaces. Technologies such as spin valves,
field effect transistors, and nano‐laminate
optical coatings are all comprised of ultra‐
thin films in the nanometer thickness
regime.
At this dimension, bulk thermodynamic properties governing film
stability, diffusion, and reactions as well as bulk electron transport
mechanisms that determine device performance no longer apply.
Hence, there is a need to develop novel preparation procedures
for thin film structures with abrupt interfaces for incorporation in
new devices and in test devices which probe fundamental physical
phenomena like electron scattering at interfaces in giant magneto
resistance (GMR) and tunneling magneto resistance (TMR)
recording heads.

Atomic Layer Chemical Vapor Deposition is a promising technique
for the fabrication of nanometer scale thin films for alternate high
k gate dielectrics in field effect transistors, dielectrics for magnetic
tunnel junctions, and metal thin films for spin valves, optical
coatings, or diffusion barriers for interconnects. The process
involves a separation of the reaction sequence into two self‐
limiting steps dependent on the availability of functional groups
present on the surface. This allows the formation of an atomic
layer one step at a time, resulting in excellent film uniformity,
conformality and thickness control.

Recent Publications
1. K. J. Li, L. Zhang, D. A. Dixon, T. M.
Klein, Undulating Topography of HfO2

Thin Films Deposited in a Mesoscale
Reactor Using Hafnium (IV) tert
Butoxide, AICHE J. 57, 2989‐2996
(2011).

2. N. Li, M. Liu, Z. Zhou, N. X. Sun, D. V.
B. Murthy, G. Srinivasan, T. M. Klein,
et al., Electrostatic Tuning of
Ferromagnetic Resonance and
Magnetoelectric Interactions in
Ferrite‐piezoelectric Heterostructures
Grown by Chemical Vapor Deposition,
Appl. Phys. Lett. 99, 192502 (2011).

3. K. J. Li, S. G. Li, N. Li, T. M. Klein, D. A.
Dixon, Tetrakis(ethylmethylamido)
Hafnium Adsorption and Reaction on
Hydrogen‐Terminated Si(100)
Surfaces. J. Phys. Chem. C 115, 18560‐
18571 (2011).

tklein@eng.ua.edu ◦ (205) 348‐9744

Attenuated total reflectance Fourier
transform infra‐red spectroscopy (ATR‐
FTIR) reaction cell is used to observe
initial reaction pathways in real time. An
IR light beam is focused on the backside
of a heated Si, Ge or ZnSe ATR crystal
and is bounced though as it is totally
reflected at the gas surface interfaces.
Some of the light extends as an
evanescent wave into the reaction zone
on the topside of the ATR crystal and is
used to identify key chemical groups
involved in the reaction sequence.

Tonya KleinTonya Klein
In‐situ IR Spectroscopy of Thin Film Deposition



Amanda Koh
Assistant Professor
Ph.D. Chemical Engineering
Rensselaer Polytechnic Institute, 2016

Recent Publications

1. Koh, A., Sietins, J., Mrozek, R.,
Slipher, G., Deformable liquid metal
polymer composites with
independently tunable electronic
and mechanical properties, Journal
of Materials Research, 1-11 (2018).

2. Koh, A., Mrozek, R., Slipher, G.,
Characterization and Manipulation
of Interfacial Activity for Aqueous
Galinstan Dispersions, Advanced
Materials Interfaces 1701240, 1-9
(2018).

3. Koh, A., Todd, K., Sherbourne, E.,
Gross, R. A., Fundamental
Characterization of the Micellar Self-
Assembly of Sophorolipid Esters,
Langmuir 33, 5760-5768 (2017).

askoh@eng.ua.edu  ◦ https://askoh.people.ua.edu  ◦ (205) 348-8415

Amanda Koh
Functional Material Interfaces for Soft Robotics, Stretchable 
Electronics, Sensing, and Environmental Remediation

Dr. Koh’s group focuses on engineering
multifunctional materials through the
intentional design of interfaces. Current
research focuses on materials for soft
robotics, stretchable electronics, sensing, and
environmental remediation.

As devices become more advanced in the fields of defense, health, and
manufacturing, it is no longer enough for materials to have a single
function or a be useful to only a single application. Materials that are
responsive and multifunctional are key to creating robust, practical, and
adaptive systems. The Koh lab seeks to develop these materials through
the engineering of internal and composite interfaces either through the
manipulation of existing chemistry or the addition of novel components.

Much of the current work in Dr. Koh’s lab focuses on developing soft
materials which are both deformable and have electronic, magnetic, or
sensing capabilities. Applications of these materials include stretchable
electronics (ex. wearables and health monitoring), soft robotics (ex.
human-machine interfaces and manned-unmanned teaming), and
environmental contaminant sensing (ex. heavy metals and petroleum
derivatives).

Liquid metal in PDMS 
dielectric dispersions

Controlling flocculation 
through surfactant structure



Qing Peng
Assistant Professor
Ph.D. Chemical Engineering
North Carolina State University, 2009

Dr. Peng’s group focuses on understanding the
surface/interfacial phenomena during the
assembly of materials from molecular building
blocks (Molecular Legos). With these
fundamental knowledge, the group is
interested in developing assembly strategies
of ultrathin new materials to address
challenges facing the sustainable energy
utilization.
Energy is critical to the sustainable development of the human
society. Most of the challenges in the human society can be
addressed if we can harvest a large amount of energy in a
sustainable way. New materials play the critical role in
developing sustainable methods of energy utilization.
Surface/interfacial properties of the materials often determine
the performance of the materials in the energy related
applications ranging from solar energy conversion,
electrochemical energy conversion and energy storage, 2D
microelectronics, flexible electronics and biomaterials.

Our interests is to develop new methods to assemble materials
with control of the composition and structures down to the
atomic level. We are interested in understanding the
nucleation and growth mechanisms of ALD (Atomic Layer
Deposition) and its derivatives by in‐situ/ex‐situ analytic
methods to grow materials with the controlled physiochemical
properties. With the thorough understandings of the devices’
physics and substrate chemistry, we are also interested in
employing novel molecular assembly strategies in tuning the
surface/interfacial chemistry and micro‐structures of materials,
and establishing the structure‐property relationship of
materials.

Recent Publications
1. A. Cordova, Q. Peng, I. L. Ferrall, A. J.

Rieth, P. G. Hoertz, J. T. Glass.
Enhanced Photoelectrochemical
Water Oxidation via Atomic Layer
Deposition of TiO2 on Fluorine‐
doped Tin Oxide Nanoparticle Films,
Nanoscale. 7, 8584, (2015).

2. Q. Peng, B. Kalanyan, P. G. Hoertz, A.
Miller, D. H. Kim, K. Hanson, L.
Alibabaei, J. Liu, T. J. Meyer, G. N.
Parsons, J. T. Glass, “Solution‐
Processed, Antimony‐Doped Tin
Oxide Colloid Films Enable High‐
Performance TiO2 Photoanodes for
Water Splitting,” Nano Lett. 13, 1481
(2013).

3. Q. Peng, Y. C. Tseng, S. B. Darling, J.
W. Elam, “Nanoscopic Patterned
Materials with Tunable Dimensions
via Atomic Layer Deposition on Block
Copolymers,” Adv. Mater. 22, 5129
(2010).

qpeng2@eng.ua.edu  ◦ (205) 348 4281 

Qing PengQing Peng
Surface/Interfacial Engineering Group

The projects will be
explored in Dr. Peng’s
research group.

1) Surface reaction
mechanism of ALD;

2) Perovskite solar cell;

3) Catalysts for energy
harvesting.



The Rao Laboratory is developing engineering tools to
unravel the mechanisms associated with the role of
microenvironment in cancer progression, therapeutic
response and resistance.

The oncogenic progression of cancer from the primary to the
metastatic setting is the critical event that defines stage IV
disease, no longer considered curable. Despite some success in
developing a suite of therapies, a key challenge that continues
to hamper cancer treatment is the frequent development of
drug resistance, particularly in the metastatic setting, resulting
in disease relapse and often mortality. Most existing
experimental models to investigate tumor cell responses to
therapeutic treatments and examine mechanisms of drug
resistance utilize two dimensional (2D) substrates (e.g., plastic,
glass) that largely fail to recapitulate the complex in vivo
environment.

Our research group is designing three dimensional (3D)
biomaterial scaffolds (e.g., hydrogel scaffolds, and porous
scaffolds) as tools to mimic features of tissues that could serve
as platforms for elucidating physiologically relevant cellular
behaviors, drug screening and discovery, as well as mechanisms
of drug resistance in the context of cancer therapeutics in vitro
and in vivo. In addition, we are developing biomaterial tools
that could be employed for sensing and modulation of drug
resistance. We are also interested in applying systems biology
approaches to understand the underlying mechanisms of
therapeutic resistance in physiologically relevant 3D
microenvironments. This knowledge could be subsequently
utilized to devise strategies that can reprogram the
microenvironment to halt disease progression. Given that drug
resistance is a major issue noted across multiple types of
cancers, this work would have far reaching implications in drug
discovery and development, thereby transforming current
treatment strategies.
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Dr. Ritchie’s laboratory focuses on the
addition of active properties to passive
materials. This work has resulted in
adsorptive membranes for antibody
purification, highly charged membranes for
protein separation and concentration, and
membrane catalysts. Commercial production
of functionalized membranes and scale‐up
are also of interest.

The group’s interest in adsorptive membranes has been focused on
antibody purification. The work is continuing and evolving to include
other biomolecules and more complex adsorption sites. Adsorptive
membranes are fully synthetic and high capacity, and are capable of
achieving similar selectivity to affinity resins.

We also have a strong interest in commercial production techniques and
applications for functionalized membranes. Currently, work is focused on
high volume systems containing proteins and other biomolecules. The
goal is to concentrate proteins similar to conventional microfiltration and
ultrafiltration processes, but at much higher flux through a combination
of separation mechanisms beyond size exclusion.

The group’s interest in acid catalysis has been on low temperature
reactions where the competing solid‐phase catalyst is strong acid ion
exchange resin. Our current interest is adapting membranes for long‐
term operation in industrial systems. We are targeting applications with
reactive distillation is currently employed.
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The Summers lab is working to metabolically
engineer bacteria and yeast cells to produce
chemicals, fuels, and pharmaceuticals.
Specifically, the group focuses on engineering
enzymes, gene networks, and genetic
regulatory elements in microbial cells.

Caffeine is a natural product produced by many plants and
consumed by humans worldwide. However, high caffeine
consumption has also led to large amounts of caffeinated waste
from coffee and tea processing plants. This can have detrimental
environmental effects, as caffeine is toxic to most bacteria and
insects. The Summers lab has a growing collection of bacteria
capable of growing on caffeine as sole carbon and nitrogen
source. From these bacteria, new genes and enzymes are being
discovered that can be used in a variety of biotechnological
applications. Through a combination of systems biology, protein
engineering, and molecular biology, the lab is engineering yeast
to simultaneously decaffeinate coffee waste and ferment the
sugars in the waste to ethanol. Additionally, bacterial strains to
produce high‐value chemicals from caffeine are being created.
The group is also working to determine the structures of
caffeine‐degrading enzymes in bacteria using X‐ray
crystallography.

Other projects in the Summers lab include metabolic
engineering of probiotic bacteria for in situ delivery of amino
acids, characterization of genetic regulatory elements in
probiotic bacteria, design of modular plasmids for metabolic
engineering of E. coli, Saccharomyces cerevisiae, and other
microbial strains, and construction of novel riboswitches that
recognize small molecules.

As society moves away from use of petroleum resources for
production of fuels and chemicals, their replacements must
come from natural, renewable resources. To meet this need, the
Summers lab seeks to engineer bacteria and yeast cells to
produce bulk and fine chemicals from biomass. In addition to
these chemicals, the group is looking at production of
pharmaceuticals and nutraceuticals in metabolically engineered
microbial cells.
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Dr. Turner’s group uses computer simulations
to investigate adsorption and reactions on
surfaces and at interfaces. Their work helps
guide the synthesis of new nanomaterials,
identify new catalysts for environmental
applications, and design unique solvent
molecules for CO2 separation technologies.

The Turner group uses molecular simulations and quantum mechanical
calculations to screen new materials for a variety of clean energy
technologies. In the field of catalysis, we are using kinetic Monte Carlo
simulations to help identify an environmentally‐benign route for
synthesizing propylene oxide using gold‐based nanoparticles. Also, we
are using molecular simulation tools to screen solvents for producing
thermoelectric materials (such as Bi2Te3), which can be used to capture
waste heat from a variety of sources. In terms of CO2 capture, we are
developing efficient simulation tools for quickly screening and identifying
effective solvents and polymers for CO2 capture applications. In all
projects, we work closely with experimental collaborators, in order to
regularly benchmark our models and develop reliable predictions.
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Dr. Van Zee’s group applies the principles of
chemical engineering to electrochemical
systems. These applications include
corrosion, batteries, fuel cells, and industrial
production of chlorine and caustic.

Electrochemical engineering provides a path toward the development of
cost-effective sustainable alternative energy systems. These topics include
electroplating of alloys for circuit boards and corrosion resistant light
weight materials as well as energy conversion devices such as fuel cells
and batteries. Recent projects on concentrated solar power and
improving fuel cells are described below to provide an idea of our
approach.

Concentrated solar power systems may use inexpensive molten chloride
salts at temperatures approaching 900 ◦C. In these systems, the
combustion of fossil fuels in the boiler of a Rankine cycle is replaced by a
heat exchanger with a solar-heated high temperature molten salt. To
design economical systems, it is necessary to understand corrosion
behavior of lower-cost tubes and structures used in the heat exchangers
and storage tanks. In these aggressive environments with non-specialty
materials, corrosion appears to proceed via selective oxidation of Cr at
the grain boundary. Models of these phenomena, which include mass
transfer, kinetics, thermodynamics, and potential theory, are being
developed to describe the corrosion mechanisms. These models of the
chromium concentration (Ccr) are time-dependent two-dimensional and
require meshing at the micron level (see below). The goal is corrosion
mitigation strategies.

In the search to lower the capital cost for low temperature fuel cells, off-
the-shelf polymeric materials may be used for the balance of plant. These
materials meet the stress-strain requirements in vehicles, but they may
contain leachable species which contaminate and decrease both
performance and fuel cell life. By using in-situ and ex-situ data, the Van
Zee group has developed models that predict the voltage loss as a
function of the chemistry of the functional groups in the leachates.
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Dr. Weinman’s group focuses on
functionalizing commercial membranes via
surface chemistry and surface morphology
modifications with the ultimate goal to
improve current commercial membranes.

Membranes are semi-permeable barriers that separate substances when
a driving force is applied across the membrane. The Weinman group
works to provide solutions to current environmental and wastewater
challenges by developing new membrane technologies. We will study
fundamental interactions of modified membranes with different
compounds of interest.

Membrane distillation purifies water through a vapor pressure gradient
created by heating the feed solution which causes water vapor to diffuse
through the hydrophobic membrane pores. Therefore, only volatile
components can transport through the membrane, thus removing
contaminants from water. However, one of the limitations of membrane
distillation is membrane fouling. My research will be focused on surface
modifying these membranes to reduce oil fouling.

Another project involves creating membrane adsorbers to capture heavy
metals. Heavy metals are known to be toxic, are not biodegradable, and
will accumulate in living organisms. Unlike technologies that rely on pore
diffusion for mass transport (e.g. resin beads), these membrane
adsorbers use convective flow through the membrane pores for mass
transport to the adsorption sites.

A third project revolves around water and wastewater treatment by
functionalizing ultrafiltration, nanofiltration, and reverse osmosis
membranes with anti-fouling zwitterion layers. These layers are special in
that they can switch reversibly between anti-fouling mode and anti-
microbial mode (biocidal).
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The Zhao Lab develops novel polymeric
biomaterials for various biomedical
applications, with emphasis on drug delivery
and tissue engineering. The projects are
driven by developing new technologies for
the treatment of specific diseases.

Cancer pain is extremely prevalent, with millions of patients in the US
alone. At present, the management of severe cancer pain generally
includes the use of morphine and other opiates. This can often result in
undesirable side effects, and treatment with this type of medication is not
always effective - one in four patients using opioids to manage cancer-
pain fails opioid therapy. There is a need for new therapeutic approaches
for the management of moderate or severe cancer pain.

Tetrodotoxin (TTX) is a potent neurotoxin that blocks voltage-gated
sodium channels on the cell surface. TTX is 3000 times more potent
analgesic than morphine without the opioid-like side effects. However,
the principal reason that TTX has not achieved clinical use despite their
great potency is concern over their associated systemic toxicity. TTX
toxicity causes neural blockade and muscular weakness resulting in
diaphragmatic paralysis leading to respiratory arrest and death. The
severe systemic toxicity limits the dosing of TTX, and therefore limits the
maximal duration of analgesic effects achievable.

The primary objective of Zhao’s research is to use materials-based
approaches to address the limitations imposed by the toxicity of TTX, and
to move toward clinical translation of TTX for the cancer pain treatment.

Other projects in Zhao lab include the development of polymeric vectors
for gene therapy, and biomimetic scaffolds to enhance delivery of stem
cells for cardiac repair.
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