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Perla B. Balbuena is Professor, and Mike O’Connor Chair I in the Artie McFerrin   
Department of Chemical Engineering at Texas A&M University. She holds joint 
(courtesy)  appointments in the Department of Chemistry and Department of  
Materials Science and Engineering. Her research group focuses on first-principles 
computational analysis and design of materials properties and processes, with 
main applications to catalysis, electrocatalysis, and battery materials. A large 
component of Dr. Balbuena’s work centers on interfacial processes, which are 
crucial in a variety of problems ranging from reactions on catalytic surfaces, to 
transport/chemistry in biological membranes, and to battery lifetime links to charge and discharge events.  
Balbuena’s group uses the most advanced atomistic-based simulation techniques to elucidate microscopic-
scale events that define macroscopic behavior. Over the years, Balbuena’s research has received support 
from NSF (including CAREER and POWRE Awards), ARO, DOE Basic Energy  Sciences, ARPA-E, and DOE-
EERE, for her work in these areas. In the past 20 years, Prof. Balbuena’s group has contributed to developing 
a thorough understanding of microscopic processes relevant to the development of longer life, higher density 
advanced batteries. In this sense, one of the crucial aspects behind battery degradation processes, is the 
development of a passivation layer at the electrode surfaces during battery  cycling. Because the passivation 
behavior depends crucially on the electrolyte, significant experimental and theoretical work is dedicated to 
understanding electron and ion transport at these interfaces. Dacheng Kuai, a chemistry PhD graduate     
student in Balbuena’s group, has contributed to the elucidation of polymerization reaction mechanisms in  
electrochemical interfaces. His work, recently published in ACS Applied Materials and Interfaces (https://
doi.org/10.1021/acsami.1c20487),  identifies the mechanisms for initiation, growth and  termination of a poly-
mer film due to electrolyte degradation at the electrode surface.  

Continues on Page 2 
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Kuai and Balbuena’s results identified the most kinetically favored pathways for 
polymerization of ethyl and vinyl carbonates (EC and VC). The findings high-
light differences in the initiation reactions, with VC ring-opening initiation and 
early-stage propagation more favorable than the corresponding EC processes, 
while poly(VC) formation has the smallest barriers among all the proposed self-
polymerization pathways. Cross couplings between the VC molecule and EC 
radicals were also characterized. Barriers for these processes were also    
considerably smaller than EC self-polymerization. Therefore, inclusion of VC 
additive significantly reduces the energy cost for EC chain propagation. In  
current work, in collaboration with Prof. Ulrike Krewer’s group from Karlsruhe 
Institute of Technology (Germany), these calculated energetic barriers and the 

details of the polymerization 
pathways are input to a coarse-
grained Kinetic Monte Carlo 
model that will allow us to follow 
the polymerization process in real 
time, and simultaneously with 
other surface passivation reac-
tions.  
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"Climbing the ladder to advanced applications 
of ladder polymers" 

Dr. Lei Fang, Chemistry Department 

Dr Lei Fang is an Associate Professor in the Depart-
ment of Chemistry at Texas A&M University. He began 
his PhD study at University of California Los Angeles, 
and received the degree at Northwestern University in 
2010, mentored by Professor Sir Fraser Stoddart. Sub-

sequently, he spent two and a half years at Stanford University as a postdoctoral 
scholar working with Professor Zhenan Bao. AT TAMU, Dr Fang’s research inter-
ests spans a broad range of fields on chemical innovation for functional organic 
materials, with focuses on conjugated ladder polymers, rigid organic pi-systems, 
porous polymer networks, organic/inorganic composite materials, and supramolec-
ular chemistry. His research involves fundamental scientific investigations on 
chemical synthesis, physical organic chemistry, polymer physics, and materials 
science, etc.; as well as application developments on organic electronics, clean 
energy, separation, smart materials, catalysis, and industrial innovation, etc. Dr 
Fang’s achievements on research and education have been recognized by a num-
ber of awards and honors, including the Kaneka Junior Faculty Award (2015), NSF 
CAREER Award (2017), Montague Center for Teaching Excellence Scholarship 
(2017), Polymers Young Investigator Award (2018), the Texas A&M University 
Presidential Impact Fellowship (2020), and the Humboldt Research Fellowship for 
Experience Researchers (2022). Lei Fang has published over 90 peer-reviewed 
publications and given >70 invited lectures. 

Figure 1. Summary of Lei Fang’s work on conjugated ladder polymer chemistry. 

Dr Fang’s group represents one of the world leading teams in the field of conjugat-
ed ladder polymers. A conjugated ladder polymer features more than one strands 
of bonds connecting the conjugated macromolecular backbone, so that they are 
intrinsically distinctive compared to well-studied conventional single-stranded poly-
mers. The chemical synthesis, characterization, and polymer physics of ladder poly-
mers are highly intriguing and significant in terms of advancing fundamental polymer 
science. In addition, conjugated ladder polymers are promising on account of their 
unconventional yet favorable electronic and mechanical properties that are inaccessi-
ble in conventional single-stranded polymers. However, research on these polymers 
are formidably challenging due to the need of constructing multiple strands of bonds 
during synthesis, and the elusive polymer physics associated with the rigid back-
bone. Throughout his independent research career, Dr Fang’s team has made signif-
icant, deep, and broad contributions to this challenging and unconventional research 
field (Figure 1). 

Figure 1. Electron-induced electro-
lyte solvent polymerization near 
lithium metal anode surface. 

Figure 2. First principle simulation of the lithium metal battery SEI 
formation at metal-liquid interface. 



 

 

 

 

 

 

 

 

 

 

 

The three new senior members from the College of Engi-
neering are: 
 
Dr. Melissa Grunlan, Charles H. and Bettye Barclay Profes-
sor in Engineering in the Department of Biomedical Engi-
neering. 
Dr. Andreas Polycarpou, James J. Cain Chair in the J. Mike 
Walker '66 Department of Mechanical Engineering. 
Dr. Taylor Ware, associate professor in the Departments of Biomedical Engineer-
ing and Materials Science and Engineering.  

 

NAI Senior Members are ac ve faculty, scien sts and administra-
tors from NAI member ins tu ons who have demonstrated re-
markable innova on-producing technologies that have brought, 
or aspire to bring, real impact on the welfare of society. They also 
have growing success in patents, licensing and commercializa on, 
while educa ng and mentoring the next genera on of inventors.  

Full story:   h ps://bit.ly/3jjenP7 
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Dr Fang’s accomplishments on the syntheses of ladder polymers and fused-ring 
small molecules provided new foundations for the development of novel stimuli 
responsive materials and functional porous materials. Including stimuli responsive 
materials and functional porous materials.  

By compositing a ladder polymer with carbon nanotube sheets in a bilayer configu-
ration, Dr Fang’s team achieved the fabrication of a high-performance, extraordi-
narily robust jumping actuator (Figure 2). The unprecedented performance and 
stability of this composite originated from the unique chemical constitution of the 
conjugated ladder polymer backbone, leading to their great promises for future 
applications in soft robotics. In a separate project, they developed a feasible strat-
egy to fabricate thermal fluorescent polymer composite, by manipulating the su-
pramolecular aggregation and dissociation of ladder-type quinacridone molecules 
in micrometer-sized solution capsules in a polymer matrix. This composite material 
shows high contrast, turned-on fluorescence upon heating, excellent reversibility 
due to the supramolecular nature of the thermofluorescence mechanism, and 
feasible tunability of the thermal transition temperature.  

Figure 2. Graphical illustration of shrimp-like jumping actuator composed of conju-
gated ladder polymer and carbon nanotube sheet.  

The low entropy nature of ladder polymer attracted Dr Fang’s attention for gas 
adsorption applications, based on the hypothesis that a porous ladder polymer 
network would suffer a much smaller entropy penalty upon gas adsorption due to 
its lower initial entropy (Figure 3). The team tested and validated this hypothesis 
on a model porous ladder polymer network. A significantly lower adsorption entro-
py cost for the ladder polymer networks was noted,  accompanied by an ultra-high 
gas uptake capacity per unit surface area. These findings here constitute an im-
portant orthogonal strategy to increase the gas adsorption capacity of porous 
materials and to improve their high temperature performances, which are critical 
for clean energy applications. In addition, Dr Fang’s team established an aldol-
triple condensation method to synthesize porous materials. Preorganized porous 
graphitic carbon was successfully synthesized from a specifically designed mono-
mer. The material shows high microporosity and narrow pore size distribution at 
~0.6 nm. More interesting, it demonstrates high tendency of graphitization originat-
ed from the preorganized aromatic framework in the network, allowing for a graph-
itization temperature significantly lower than those required on conventional graph-
ite precursors. This exciting development is highly promising for the development 
of next generation electrocatalyst on account of the tolerance of functional catalyt-
ic components in the porous graphitic carbon by avoiding high heat.  

Continue from page 2—”Climbing the ladder to advanced applications of ladder polymers" 

 

 

 

Online engineering program again ranked No. 1 in Texas 

Texas A&M University’s College of Engineering was again ranked 
No.  1  in  the  state  of  Texas  for  its  online  graduate  engineering 
programs.  

The  latest  ranking,  from U.S. News 
and  World  Report’s  2022  Best 
Online  Programs,  rates  Texas 
A&M’s online master’s engineering 
program  ninth  in  the  na on,  ed 
with  the Missouri University of Sci-
ence  and  Technology  and  the Uni-
versity of Wisconsin-Madison.  

Full story:  h ps://bit.ly/3NRvpBU 

Figure 3. Low entropy penalty in gas adsorption promoted by rigid ladder-type backbone of a porous 
material.  

Dr. Lei Fang Continue —”Climbing the ladder to advanced applications of ladder polymers" 



Texas A&M University  is now  the first     university  in  the state  to  
surpass  the $1 billion mark  in  total annual  research           expendi-
tures, the Division of Research  announced today. 
 
Texas Governor Greg Abbo  said, “Congratula ons to Texas A&M 
University  on  achieving  this  remarkable milestone.  Texas  A&M’s 
commitment  to research and  innova on  is why  it has grown  into 
one of the premier ins tu ons in America, and I     commend uni-
versity  leadership and  staff  for  their work  to keep Texas A&M at 
the  forefront  of  research  and  discovery.  The  State  of  Texas will 
con nue to invest in higher educa on and work with our universi-
ty partners to build a brighter future for Texas.”   
 
Full story:  http://bitly.ws/bHux  

 

 

Have Questions? 

Isabel Cantu 

E-mail: icantu@tamu.edu 

Phone: 979-458-0918 

Dr. Hung-Jue Sue 

PTC Director 

E-mail: hjsue@tamu.edu 

Polymer Specialty Certificate Updates 
Students that have applied for the Polymer Specialty Certificate 87 

Students that have received the Polymer Specialty Certificate  75 

For more information, please visit:   http://ptc.tamu.edu/polymer-specialty-certificate/ 

 

 4 PTC newsletter prepared by:  
Isabel Cantu 

Dr. Yen-Ting Lin really appreciated the efforts 
made to allow him to participate in the Visiting 
Scholar Program at TAMU during which he 
worked with Professor Hung-Jue Sue. 

During the visit Yen-Ting was introduced to 
new ways of doing research and the diverse 
experience seems to be rewarding like as 
research has constantly demonstrated that it 

helped to update knowledge, improve research capabilities and problem-solving 
skills, enrich cross-cultural collaboration, increase joint research program. Yen-Ting 
felt especially fortunate that he was able to hear from a series of speakers who   
addressed a central question about the latest research and development projects 
related to polymers, those significant experience and great interacted lessons are 
available to enrich every step of his career for the future.  

 Edited by:   Dr.  Michael  Mullins 
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PTC FACULTY  
Name E-mail Address Office # 

Mustafa Akbulut, CHEN makbulut@tamu.edu 979-847-8766 

Amir Asadi, ENTC amir.asadi@tamu.edu 979-458-7841 

Perla  Balbuena, CHEN balbuena@tamu.edu 979-845-3375 

Dave Bergbreiter, CHEM bergbreiter@tamu.edu 979-845-3437 

Janet Bluemel, CHEM bluemel@tamu.edu 979-845-7749 

Iman Borazjani, MEEN iman@tamu.edu 979-458-5787 

Tahir Cagin, MSEN cagin@tamu.edu 979-862-1449 

Homero Castaneda, MSEN hcastaneda@tamu.edu 979-458-9844 

Elena Castell-Perez, BAEN ecastell@tamu.edu 979-862-7645 

Terry Creasy, MSEN tcreasy@tamu.edu 979-458-0118 

Donald Darensbourg, CHEM d-darensbourg@tamu.edu 979-845-5417 

Yossef Elabd, CHEN elabd@tamu.edu 979-845-7506 

Lei Fang, CHEM fang@chem.tamu.edu 979-845-3186 

Micah Green, CHEN micah.green@tamu.edu 979-862-1588 

Melissa  A. Grunlan, BMEN mgrunlan@tamu.edu 979-845-2406 

Pavan Kolluru, MSEN pavan.kolluru@tamu.edu  979-458-6669 

Helen Liang, MEEN hliang@tamu.edu 979-862-2623 

Jodie Lutkenhaus, CHEN jodie.lutkenhaus@tamu.edu 979-845-3361 

Anastasia  Muliana, MEEN amuliana@tamu.edu 979-458-3579 

Mohammad Naraghi, AERO naraghi@aero.tamu.edu 979-862-3323 

Emily Pentzer, MSEN emilypentzer@tamu.edu 979-458-6688 

Matt Pharr, MEEN  mpharr85@tamu.edu 979-458-3114 

Hung-Jue Sue, MSEN hjsue@tamu.edu 979-845-5024 

Svetlana A. Sukhishvili, MSEN svetlana@tamu.edu 979-458-9840 

Qing Tu, MSEN  qing.tu@tamu.edu 979-458-9353 

Qingsheng Wang, CHEN qwang@tamu.edu 979-845-9803 

Shiren (Edward) Wang, INEN s.wang@tamu.edu 979-458-2357 

John Whitcomb, AERO whit@aero.tamu.edu 979-845-4006 

Karen  L. Wooley, CHEM wooley@tamu.edu 979-845-4077 

Joshua S. Yuan, PLPA syuan@tamu.edu 979-845-3016 

SPE STUDENT CHAPTER officers for 2021-22 
 President Ching Pang chingpang@tamu.edu 

 VP Science Mingwan Leng lengmw@tamu.edu 
 VP Engineering Kailash Arole kailash_arole@tamu.edu 
 Treasurer Hengxi Chen hengxichen@tamu.edu 
 Secretary Chenxuan Li chenxuanli@tamu.edu 
 Activity Coordinator Waqas Saleem saleembtc@tamu.edu 
 Webmaster  Yidan Shen yidan@tamu.edu 

Dr. Hong-Mao Wu 
PTC Visiting Scholar—Taiwan  

Dr. Hong-Mao Wu finished his visiting scholar 
project in Dr. Sue's lab in January of 2022. His 
research focused on the structure-properties 
relationship of the multi-functionalities polymer 
nanocomposite. The research project was fund-
ed by a Kaneka Visiting Scholarship in 2020.  I   
developed several novel inorganic/polymer 
nanocomposite systems and filed two patents in these two years. I really enjoyed 
working with Dr. Sue's Group, not only in research but also in extracurricular activities. 
Even under the epidemic, I had an unforgettable two-year life as a visiting scholar at 
TAMU. 

Dr. Yen-Ting Lin 
PTC Visiting Scholar—Taiwan  


