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Carlos Corona has 8 years of research experience in chemistry, 
biochemistry, physics, and psychology. His real passion is where business 
and science intersect which led him to study chemistry, leadership, business 
management, communication, and psychology at Texas State University. 
After graduating in 2019, he worked in the startup arena to develop a 
sustainable, biochemical nanotechnology from lab to commercialization for 
the company, Nabaco, located in Central Texas. After raising $1.5M and 
leading as Director of Technology for the Txstate startup, he founded 
Southwest Yeast Lab LLC in 2021 and now serves as the CEO for the 
company.  
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Dr. Vargas is a senior research engineer in the Materials Science and Failure 
Analysis Group at Southwest Research Institute (SwRI).  Dr. Vargas supports and 
conducts failure analysis and applied research projects involving, metals, 
advanced materials, and coatings in diverse applications using a wide range of 
materials and chemical characterization tools.  

Dr. Vargas previously worked at the NAVAIR Fleet Readiness Center Southeast 
supporting the repair and overhaul of NAVY based aircraft and weapon systems.  
Dr. Vargas conducted various metallurgical failure analyses on structural airframe 
and engine components, and provided manufacturing instructions for flight critical 
components.   
 
During her graduate work at The University of Texas at El Paso (UTEP), Dr. Vargas 
focused on the fabrication and characterization of nanostructured thin films for 
optoelectronic and photovoltaic device 
applications. Dr. Vargas worked transition metal 
oxide thin films fabricated by physical vapor 
deposition techniques- including radio frequency 
(rf) and direct current (dc) magnetron sputtering.  
The deposition parameters were varied to 
ultimately tailor the visible absorption of the films 
in order to exhibit a high transparency and critical 
conductivity for application as transparent 
conducting oxides. Dr. Vargas published various 
articles on the structure-function properties 
developed by variable deposition parameters on 
tungsten and titanium oxide thin films.  
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Mauricio De Leo is a Chemical Engineering and Materials 
Science (CEMS) doctoral student and Frank Snowden fellow 
DW� 8QLYHUVLW\� RI� 0LQQHVRWD� �801�� LQ� 3URI�� 1DWKDQ� 0DUD¶V�
research group. His research interests focus on enhancing the 
mechanical performance of materials by understanding the 
fundamental role of metal interfaces and defect-interface 
interactions at the nanoscale.  
 
Mauricio received a BSc in Physics and a BSc in Chemistry 
and a minor in Business Administration from the University of 
Texas Rio Grande Valley. Before joining the CEMS 
department at UMN, he worked as an undergraduate research 
assistant in the Advanced Nanoscience Laboratory under the tutelage of Dr. Karen 
Martirosyan, working on microfluidics, magnetic particle synthesis for cancer 
theranostics, magnetoelectric material research, and magnetic membranes technology. 
Recently, along with his business partner Zachary McAllister, Mauricio won the 2023 
CEMS Crucible Award in a business pitch competition with their company ³Greener 
Forward: A sustainable energy storage solution´�  
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Manuel N. Dominguez 
Sr. Regulatory Affairs Engineer 

3M Company 
UT Austin MRSEC Alum 

 
 
Speaker Bio 
Manuel Dominguez is a Sr. Regulatory Affairs Engineer 
working for the Transportation Safety Division of the 3M 
Company. Manuel is responsible for improving safety and 
standards globally for roadways and vehicles. Manuel 
received his Ph.D. at the University of Texas at Austin in 2022 
in chemistry while conducting research for Prof. Delia Milliron 
on nanomaterials, nano-assembly and their optical 
properties. He was a MRSEC Alum from UT Austin and an 
NSF Fellow. He received his B.S. in chemistry from the 
University of South Carolina in Aiken and was a Magellan and 
ACS Scholar. Prior to pursuing his education, he served in the 
United States Military.  
 
 
 
 
 
 
 
 
Connect with me:  
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Harlan T. Beverly, Ph.D. is a 4-time CEO and 3-time startup founder with special 
focus in the web technology space (B2B and B2C). He is currently VP of 
Engineering at a startup (Mercado Labs) and a lecturer in entrepreneurship and 
innovation at Texas State University. Harlan is also a mentor and advisor in dozens 
of startups at Capital Factory and NewChip. Harlan has 21 published technology 
patents and numerous scholarly articles as well as two published 
books: https://amzn.to/377aR3b. Previously, Harlan was a lecturer at The 
University of Texas at Austin where he taught entrepreneurship and helped run the 
Texas Venture Labs. Harlan specializes 
in fundraising and growth marketing for 
consumer, health, and technology 
companies. Harlan has founded three 
B2C startups and sold two of them: 
Bigfoot Networks, Inc. and Karmaback, 
Inc. Harlan was also CEO of Key 
Ingredient, Inc. which he sold in 2018. 
Harlan is not actively investing but has 
experience as an angel investor and a 
venture investor and is an active mentor 
at Capital Factory in Austin, TX. He 
received his B.S. in Electrical 
Engineering from Ohio Northern 
University, an M.B.A. from The 
University of Texas at Austin, and his 
PhD in Business from Oklahoma State 
University. 
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Oral Presentation 
 

Quantum effects in the electronic properties of epitaxial SrTiOΎ films 
on Si(001) 

Barry Koehne1,2, Dr. Ryan Cottier3, John Miracle1,2, Dr. Nikoleta Theodoropoulou1,2  
1Materials Science Engineering and Commercialization Program, Texas State University 

2Department of Physics, Texas State University 
3Teledyne Inc. 

 
Abstract 
 
We investigate the electronic properties of epitaxial SrTiO3 films on p-Si(001) using low-
temperature magnetotransport measurements. We show that the temperature and magnetic field 
dependence of the conductivity can be entirely determined by 2D quantum corrections due to 
quantum interference and electron-electron interaction effects. For low carrier concentrations 
<1013 cm-2 epitaxial strain seems to strengthen electron-electron interactions while at higher 
electron concentrations >1014 cm-2 spin-orbit coupling dominates. While for both low and high 
electron concentrations we observe single-carrier transport, at intermediate electron densities 
~1013 cm-2 (near the Lifshitz transition point) and below 40 K , two-carrier transport is evident by 
a non-linearity of the Hall resistance. X-ray Photoemission Spectroscopy depth profiling show 
consistent elemental ratio throughout the film with a change in oxidation states near the Si 
interface. The change in oxidation state indicates the presence of a larger amount of oxygen 
vacancies near the interface. SrTiO3 is grown coherently on Si(001) by a 45° rotation around the 
surface normal using Oxide Molecular Beam Epitaxy (MBE) at low Oxygen pressures to avoid 
formation of SiO2 at the interface. X-ray diffraction phi and survey scans and x-ray reflectivity 
scans show that SrTiO3 is single crystal and that the interface between Si and SrTiO3 is abrupt.   
 
This work was supported in part by the NSF Career Award DMR # 1255629, a Partnership for Research 
and Education in Materials (PREM) NSF Grant DMR-2122041, DoD grant 78810-W911NF-21-1-0253, and 
the National High Magnetic Field Laboratory. The National High Magnetic Field Laboratory is supported by 
NSF through NSF/DMR-1157490/1644779 and the State of Florida. 
 
Biography of Presenter  
 
Barry Dean Koehne obtained his Bachelor of Science in Physics 
(2015), Master of Science in Physics (2018) from Texas State 
University. He is currently working on his Ph. D. in Material Science 
Engineering and Commercialization (MSEC) at Texas State University. 
He has presented at conferences such as the international workshop 
on Oxide electronics and APS. He has been trained and has performed 
experiments at the National High Magnetic Field Laboratory in 
Tallahassee, Florida. 
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Oral Presentation 
Liquid Azobenzene: Applications in Solar Energy Storage and Reversible 

Adhesives  
Scott Barrett,1 Jacob Guerrero, Makena Burns and William J. Brittain1. 

1Department of Chemistry and Biochemistry, Texas State University, San Marcos, TX 78666  
Abstract   

Solar thermal fuels are compounds that store solar photon 
energy by photoisomerization to a higher energy, metastable 
state. Azobenzene is one potential photoswitch for solar 
thermal fuels and has advantages of photostability and facile 
synthesis. Subsequent release of heat can occur 
spontaneously or by visible irradiation. The cis-trans 
isomerization is the energy storage process for azobenzene. 
Substituents can control irradiation wavelength, lifetime of 
metastable stable state, and isomerization enthalpy (ǻH=150-
300 J/g). If one envisions a solar energy storage system that utilizes flow between the solar 
collection and heat exchanger, then azobenzenes with cis and trans melting points above the 
operating temperature would enable flow technology. Our strategy for synthesizing and 
characterizing energy storage azobenzenes is guided by a comprehensive literature survey of 
azobenzene melting points. Generally, cis melts lower than trans due to more disordered 
structure.  Because the azo bond is the locus of energy storage, adding substituents will reduce 
the gravimetric energy density. Therefore, our initial studies focus on mono-substituted azoben-
zenes. For the same substituent, the melting points increase in the order para > meta > ortho. 
The most promising substituents are methyl, ethyl, methoxy, trifluoromethyl, and fluoro. These 
functional groups are afforded from a facile synthetic schema with efficient and fast reactions. 
We report our initial data on fluoroazobenzene where the compounds were characterized by 
UV-Vis, NMR, and differential scanning calorimetry.  

Biography of Presenter (in 11 Pt Arial Font) 
Scott Barrett is a Graduate Research Assistant at Texas State University. He received his B.S. 
of Chemistry from Texas State University in 2017 and M.S. of Chemistry in 
fall of 2022. He is currently in the MSEC (Material Science, Engineering, 
and Commercialization) PhD program at Texas State University. He 
practices synthetic organic chemistry over photochemical species such as 
Azobenzene and Spiropyran. Currently his research focuses on solar fuel 
cell functionalization with a specialty in Azobenzene synthesis. He is 
interested in researching other organic chemicals for material science 
applications into renewable energies, such as solar panels. 
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Oral Presentation 
Quantum Well Mediated Sub-Thermal Electron Injection to Silicon at 

Room Temperature 
Anthony Martinez,1 Pushkar K. Gothe,1 Ojas T. Bhayde,1 J. Tyler Gish,2 Vinod Kumar Sangwan,2 M. R. 

Tiscareno,1 Thevnin Rumende,1 Michael P. Rabel,1 Gumaro Garcia Gonzalez,1 Adrian Gomez,1 Jiechao 

Jiang,1 Yi-De Liou,1 Ye Cao,1 Efstathios Meletis,1 Mark C. Hersam,2 Seong Jin Koh1  
1The University of Texas at Arlington, Arlington, Texas 76019 

2Northwestern University, Evanston, Illinois 60208 
 

Abstract 
At room temperature, electrons in solids are thermally excited following the Fermi-Dirac 

distribution. While this electron thermal smearing is a natural thermodynamic phenomenon, it 

leads to many unwanted characteristics in electronic and spintronic devices. For example, the 

electron thermal smearing is the root cause of the excessive heat generation (or power 

consumption) in the most advanced transistors in laptops, tablets, and data centers. Here we 

present an approach in which transport of thermally excited electrons is selectively blocked and 

only non-excited electrons (cold electrons) are allowed to participate in electron transport at room 

temperature. This is realized by employing a quantum well (QW), whose discrete energy state 

filters out thermally exited electrons. Our model device consists of source electrode (Cr), tunneling 

barrier 1 (1-2 nm Al2O3 or Cr2O3 layer), QW (3-5 nm SnO2), tunneling barrier 2 (2nm SiO2), and 

p-type Si, where electrons tunnel from the source to QW, and then from QW to Si. The filtering of 

thermally excited electrons by the QW state is demonstrated through current-voltage (I-V) 

measurements of the fabricated devices, which show abrupt current jumps and extremely narrow 

widths of the corresponding differential conductance (dI/dV) peaks. The full width at half maximum 

(FWHM) of the differential conductance peaks was measured to be as small as 0.25 mV at room 

temperature, which corresponds to an effective electron temperature of 0.8 Kelvin. This energy-

filtered sub-thermal electron transport may find important applications in many electronic and 

spintronic devices whose performances are degraded due to electron thermal smearing. If it is 

implemented into transistor architecture, for example, it could produce energy-efficient electronic 

devices that can operate with extremely-low power consumption at room temperature. This work 

was supported by the National Science Foundation (DMR-2122128, DMR-1720139, and ECCS-

2031770). 

 

Biography of Presenter 
Anthony Martinez is a Ph.D. student at The University of Texas at 

Arlington. He got his B.S. in Physics and Mathematics at the 

University of Houston. He has presented his Ph.D. research at several 

meetings and conferences like 2022 MRS Fall Meeting and Exhibit at 

Boston. At UTA, he is part of the prestigious engineering society, Tau 

Beta Pi. 
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Oral Presentation 
 

3XOVHG�/DVHU�'HSRVLWLRQ�RI�9HUWLFDOO\�$OLJQHG�ȕ�*D�-xWxO3 
Nanocomposites for Self-Biased Solar-Blind Ultraviolet 

Photodetectors 
Francelia Sanchez Escobar1,2, Debabrata Das1,3, C. V. Ramana1,3 

1Center for Advanced Materials Research (CMR), University of Texas at El Paso, 
500 W University Ave, El Paso, Texas 79968, USA 

2Department of Metallurgical, Materials, and Biomaterials Engineering, University of Texas at El Paso, 
500 W University Ave, El Paso, Texas 79968, USA 

3Department of Aerospace and Mechanical Engineering, University of Texas at El Paso, 
500 W University Ave, El Paso, Texas 79968, USA 

 
Abstract  
The energy consumption has increased over the last decades due to the technological 
advancements which require high energy-efficient multifunctional devices. Self-assembled 
YHUWLFDOO\�DOLJQHG�ȕ-Ga2-xWxO3 nanocomposite (GWO-VAN) architecture were grown on silicon 
platform by pulsed laser deposition for the application in low-cost self-biased solar-blind UV 
photodetector. The W-HQULFKHG� YHUWLFDO� ȕ�*D�-xWxO3 nanocolumns inside the W-GHILFLHQW�ȕ-
Ga2-xWxO3 matrix were fabricated by controlling the JURZWK�SDUDPHWHUV��7KH�SUHVHQFH�RI�ȕ-Ga2-
xWxO3 was confirmed from structural and morphological characterization using x-ray diffraction, 
x-ray spectroscopy, HAADF-STEM and atom probe tomography. Furthermore, 
photoluminescence spectroscopy assisted to understand the dynamics of photo-absorption and 
the recombination between energy states. Cost-effective MSM-type UV PD was fabricated using 
ȕ-Ga2-xWxO3 VAN as the active material with a silver top metal contact. The device was 
characterized to test its responsivity, detectivity, among other measurements. 
 
Biography of Presenter (in 11 Pt Arial Font) 
Francelia Sanchez is a third year PhD student in materials science and engineering at the 
University of Texas at El Paso. She has a bachelor's degree in metallurgical and materials science 
and engineering. Francelia has enjoyed doing research since her senior year. Her current 
research explores the pulsed laser deposition of the ultra-wide band gap semiconductor, gallium 
oxide.  
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Oral Presentation 
 

Anisotropic Two-photon Excited Photoluminescence of 
InGaN Nanowires 

Emma M. Sundin1,2, Debabrata Das2,3, Kausik Kolluri4, Pallab Bhattacharya5, C.V. Ramana2,3, 
Chunqiang Li6 

1Department of Metallurgical, Materials and Biomedical Engineering, 
University of Texas at El Paso, El Paso, TX, USA 

2Center for Advanced Materials Research (CMR), University of Texas at El Paso, El Paso, TX, USA 
3Department of Aerospace & Mechanical Engineering, University of Texas at El Paso, El Paso, TX, USA 

4Department of Physics, University of California Santa Barbara, Santa Barbara, CA, USA 
5Department of Electrical Engineering and Computer Science, University of Michigan, Ann Arbor, MI, USA 

6Department of Physics, University of Texas at El Paso, El Paso, TX, USA 

Abstract 

Gallium nitride (GaN) and its derivatives are important materials for optoelectronic and electronic 
applications such as light emitting diodes, solid state lasers, optical modulator, and artificial 
photosynthesis. The controlled growth and manipulation of these materials at the nanoscale and 
an understanding of their linear and nonlinear optical properties lay the foundation for developing 
next-generation optoelectronic and electronic devices. In this context, we report the two-photon 
absorption and anisotropic two-photon excited photoluminescence observed in indium gallium 
nitride (IGN) nanowires grown by molecular beam epitaxy. The IGN nanowires were imaged using 
a house-built two-photon photoluminescence microscope with a tunable femtosecond laser to 
excite over the near-IR range (690±950 nm). In addition, to explore the polarization response of 
this material, the polarization angle of the excitation electric field was rotated, and emitted 
photoluminescence was analyzed with a polarizer. Results show polarized photoluminescence 
with a VWURQJHU�VLJQDO�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�,*1�QDQRZLUHV¶�D[LV��$OVR��ZH�REVHUYHG�
strong two-photon absorption above the bandgap, with several excitation spectrum peaks near 
740, 790, and 870 nm. These peaks showed an anisotropic response to the excitation polarization 
DQJOH��ZKLFK�PD\�EH�GXH�WR�WKH�DQLVRWURS\�RI�,*1�QDQRZLUH¶V�ZXUW]LWH�SKDVH��7KH polarization-
dependent properties of light absorption and emission reported here for IGN nanowires may be 
useful in optimizing these materials for future optoelectronic device applications. 

Biography of Presenter  

Emma Sundin completed a BS and MS in Physics before pursuing a 
PhD in Biomedical Engineering. Her work has included research in 
optical properties of semiconductor materials as well as non-diffracting 
optical beams for microscopy applications. 
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Oral Presentation 
 

Understanding polymer shear profiles when processed by Micro-
Compounders  

Narcedalia Anaya Barbosa,1 Joshua Goetz2, Christopher J. Ellison, Frank S. Bates 
1$XWKRU¶V�affiliation: University of Minnesota 

2$XWKRU¶V�affiliation: University of Texas Rio Grande Valley 
 
Abstract  
This research provides a better understanding of the rheological behavior of polyethylene at 
different processing conditions using the DSM Xplore 5 and 15 cc micro-compounders. Polymers 
used were high density polyethylene (HDPE) with a linear architecture, low density polyethylene 
(LDPE) showcasing a long chain branched structure, and linear low density polyethylene (LLDPE) 
exhibiting a short chain branched architecture. Measurements obtained in the micro-
compounders were compared to those obtained with an ARES-G2 rheometer for a range of shear 
rates (50, 100, 150, 200 and 250 RPM), temperatures (150oC, 200oC), fill volumes (80%, 90%, 
100%) and polymers. The measurements were used to evaluate the accuracy of the micro-
compounders and scalability between the systems. Comparing the rheometer data and micro-
compounder predictions can aid in identifying differences related to the polymer architecture and 
help to understand the impact of simple and extensional shear on the polymer when it is 
processed. UTRGV_Anaya Barbosa_Narcedalia_Abstract. 
 
Abstracts are due March 8 at 5 pm and are to be submitted in both PDF and WORD format 
to this folder: https://securetransfer.txstate.edu/filedrop/COSE-CHEM-prem_conference  
These files will be compiled and distributed electronically to all conference participants.   
 
Biography of Presenter  
Chemistry student and PREM undergraduate researcher at UTRGV with two years of 
studies in nanotechnology, and three years of experience in laboratory research.  
 

https://securetransfer.txstate.edu/filedrop/COSE-CHEM-prem_conference
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Abstract: 
 
Hydrogels are composed of hydrophilic polymers that are cross-linked to form a network. Hydrogels are 
often used to mimic the extracellular matrix (ECM), which contains macromolecules and minerals that 
aid in the physical and chemical support of cells. Hydrogels have found applications in biomedicine as 
tissue engineering scaffolds, wound healing materials, and drug delivery devices. Dynamic hydrogels, 
specifically, contain crosslinks that can be modulated by a range of internal and external stimuli, making 
them uniquely suitable to changing tissue microenvironments or to the need for on-demand drug release. 
A 4-arm poly(ethyleneglycol) macromer with benzal-cyanoacetamide end groups (PEG-RBCA) and 4-
arm poly(ethyleneglycol) macromer with thiol end groups (PEG-thiol) was used in this work to create 
dynamic hydrogels. The hydrogels were further loaded with poly(ethylenedioxythiophene) (PEDOT) 
nanoparticles which act as photothermal agents, enabling laser-induced modulation of hydrogel 
crosslinking by affecting the equilibrium of the dynamic bonds. The injectability and cytocompatibility of 
the hydrogels were investigated. To better understand the injectability and the mechanical compatibility 
of the hydrogels with the host tissue, we studied the rheological properties of the hydrogels as well as 
examined the injection force required for the administration of the hydrogels. To investigate the 
cytocompatibility of the hydrogels, two cell viability assays were used: Live/Dead assay and 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay. 
Studies were conducted with fibroblast cells and human MDA-MB-231 breast cancer cells. The goal of 
these studies was to examine the potential of these dynamic hydrogels for biomedical applications. The 
injectability studies demonstrated that the hydrogels are injectable with a clinically relevant force and the 
preliminary cell viability studies demonstrated that the hydrogels are cytocompatible.  

 

Biography of Presenter: 

Mackenzie Otakpor is an undergrad senior at Texas State University with a major in 
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Abstract  
We report a novel Perylene diimide (PDI) bearing polyether side chains that displays reversible, 

temperature depended remodeling of two spectroscopically distinct self-associated forms.  We 

describe the synthesis of this PDI (TEL-045) and its self-association behavior in solution as 

determined by UV/Vis, fluorescence, and resonant light scattering spectral analysis.  TEL-045 

forms monomeric, emissive species in solution in organic solvents. In aqueous solution, TEL-045 

undergoes self-association to produce a non-emissive state.  As the temperature of aqueous 

solutions of TEL-045 are increased, the degree of self-association increases, and a new type of 

self-associated, emissive species is formed.  We believe this is the first report of reversible, 

temperature-dependent switching between H- and J-type self-association of simple, non-

chromophore-modified PDIs.  

 

TEL-045 
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Abstract 
Hydrogels are a three-dimensional network of crosslinked hydrophilic polymers. Dynamic 
covalent bonds (DCBs) can be utilized as crosslinks to provide hydrogels with phase-reversible 
and stimuli-responsive properties. In our research, we selected one of such DCB, thia-conjugate 
bond, as crosslinks in our polyethylene glycol (PEG) based hydrogel. We investigated the thermal 
response of this hydrogel with the aim of developing an on-demand, pulsatile drug delivery 
system. Further, we incorporated poly(ethylenedioxythiophene) or PEDOT nanoparticles within 
the hydrogel to facilitate photothermal modulation of the drug release.  
We synthesized the hydrogels using Michael addition of thiol-ene pairs from four-arm PEG thiol 
(PEG-SH) and four-arm PEG benzylcyanoacetamide (PEG-BCA). PEDOT nanoparticles, 
synthesized using an emulsion polymerization process, were entrapped within the hydrogel to act 
as photothermal agents. These nanoparticles, owing to their high absorbance in the near-infrared 
spectrum, show a rapid increase in temperature when irradiated with 808 nm laser. BSA-FITC, a 
fluorescently labeled protein, was loaded into the hydrogel-PEDOT complex and its release 
behavior into buffer upon direct thermal stimulation showed time-dependent release while upon 
photothermal stimulation with 808-nm laser showed a more controlled, time-independent release. 
The hydrogel-PEDOT complex was also shown to be injectable through a 28-guage hypodermic 
needle. The biocompatibility of the hydrogel-PEDOT complex was characterized on MDA-MB-
231 cell line using the MTT assay and the results showed that this complex is not cytotoxic.  
Our dynamically crosslinked hydrogel loaded with PEDOT nanoparticles showed photothermally 
stimulated drug release in a clinically relevant environment.  
 
Biography of Presenter 
Kushal Thapa is a current doctoral student in the Materials Science, 
Engineering, and Commercialization program at Texas State University. 
He completed his B.S. in Biomedical Engineering and M.S. in Electrical 
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Abstract 
Hyaluronic acid (HA), is an abundant, viscous mucopolysaccharide in the human body. When 
chemically modified, HA can become an integral component of dynamic hydrogels. Hydrogels 
are three-dimensional, cross-linked networks of hydrophilic polymers. The unique properties of 
hydrogels and their tunability make them highly suitable for drug delivery and tissue engineering 
applications. These dynamic HA crosslinked hydrogels can be derived by functionalizing and 
chemically cross-linking reactive groups along the polysaccharide chain. In this work, HA is 
modified through three steps to generate HA-benzoacetoacetamide (HA-BCA), which can 
undergo reversible crosslinking with 4-arm-PEG thiol (PEG-SH) resulting in a hydrogel with 
dynamic properties. To prepare this, HA was modified into hyaluronate-azide (HA-Azide) 
through its carboxyl group with Azido-PEG3 -amine. HA-Azide was then modified via copper- 
catalyzed click chemistry to form HA-cyanoacetamide (HA-CA). A Knoevenagel condensation 
was then used to attach a benzaldehyde to HA-CA to make HA-BCA. Future work will show that 
hydrogels can be synthesized by mixing HA-BCA with PEG-SH. Conductive polymeric 
nanoparticles of poly(3,4-ethylenedioxythiophene) (PEDOT) will be added to the hydrogels to 
act as photothermal agents. The addition of these PEDOT nanoparticles will allow the extent of 
crosslinking of the hydrogels to be thermally controlled and offers the ability to tune the 
mechanical and transport properties of the system through laser stimulation. In preparation for 
next steps, 100-nm nanoparticles that absorb light in the near infrared range and that offer 
photothermal properties were prepared using an oxidative emulsion polymerization process. 
This research reports the functionalization, synthesis, and characterization of these dynamic HA 
based hydrogels. 
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Abstract  
Hydrogels are a three-dimensional network of crosslinked hydrophilic polymers. The tissue-like 
properties of hydrogels make them suitable as drug delivery systems, wound dressing 
materials, or scaffolds for soft tissue repair. The chemistry used for crosslinking the hydrophilic 
polymers that make up the hydrogel can be judiciously selected to provide the hydrogel with 
tunable properties. Depending on the crosslink identity, the resulting hydrogel can be made to 
respond to external or internal stimuli such as pH, mechanical stress, and heat by swelling, 
shrinking, dissolving or solidifying. In our research, we used Michael addition of thiol-ene 
functional pairs from four-arm PEG thiol (PEG-SH) and four-arm PEG benzylcyanoacetamide 
(PEG-BCA), respectively, to synthesize hydrogel via the formation of reversible covalent bonds. 
The nature of these reversible crosslinks is of exothermic nature, making the hydrogel 
thermosensitive and allowing it to shift between gel and sol states upon thermal stimuli. In this 
work, the syntheses of PEG cyanoacetamide (PEG-CA), the precursor to PEG-BCA, and of 
PEG-BCA are being optimized to yield a higher percent functionalization and thereby improve 
the crosslinking ability of the reversible hydrogel precursors. Specifically, the effect of reagent 
molar ration on the percent functionalization is being investigated with the aid of proton nuclear 
magnetic resonance (H-NMR) and absorption spectroscopy.  
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Abstract 
Here we report the fabrication of a hybrid synthetic alternative for nerve tissue engineering. 
Electrospinning of biocompatible polycaprolactone is used to produce porous and highly ordered 
nanofibers that resemble the structure and organization of native spinal cord tissues providing a 
suitable environment to promote the adhesion and directional growth of nerves. These oriented 
nanofibers are coated with inherently conducting polypyrrole to provide an electrically conductive 
medium for external stimulus to enhance cellular growth and connectivity. Furthermore, the 
fibrous scaffold is engineered with magnetic nanoparticles to provide a remote-controlled option 
for the delivery of electrical inputs through the generation of Eddie currents when exposed to 
wireless alternating magnetic fields. The biocompatibility and neural tissue regeneration 
properties of these nanocomposites is investigated in detail.  
 
Biographies of Presenters 
Nicholas Lontkowski is pursuing a M.S. in Chemistry degree at Texas State 
University. He received his B.S. in Biochemistry from Texas State in 2022. 
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University’s Department of Energy-funded STEM Undergraduate Research 
Experience. Adelyne is planning to seek a Ph.D. in Biochemistry to prepare 
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Abstract 

DNA has gained interest for use in novel nano-scale devices, particularly as a charge transfer 
medium for molecular nano-electronics. A thorough understanding of the electrical properties of 
charge transfer mechanics within DNA molecules is required for practical use of such devices. 
Previous experiments have shown conflicting results regarding the classification of DNA 
molecules as conductors, superconductors, semiconductors, or insulators. To address this, a 
standard non-invasive and repeatable method is required to characterize DNA molecules. In this 
research, we characterize individual hybridized DNA molecules attached to gold via thiol linkers 
using a non-contact mechanical method. DNA self-assembled monolayers are grown on silicon-
gold substrates and hybridized with gold nanoparticle-functionalized complementary DNA. 
Charge transfer through the DNA is measured via atomic force microscopy non-contact 
mechanical charge sensing at cryogenic temperatures. This method avoids issues related to 
differing setups during each experiment, such as physical contact or misplacement of probes. 
Our research aims to provide a standard method for accurately characterizing DNA molecules 
and their electrical properties, which could have important implications for the development of 
molecular nano-electronics. 
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Abstract 
Polymer nanofibers, which possess high surface area and flexibility, can be prepared via a 
process known as electrospinning, in which a high voltage is applied to a concentrated polymer 
solution as it is extruded. The solvent evaporates, and the resultant polymer nanofibers are 
collected on a grounded plate or rotating drum. Inexpensive, commodity polymers can be used to 
prepare polymer nanofibers in this fashion, with the nanofiber properties dependent on the 
properties of the commodity polymer. The functional groups of the polymer can be modified after 
electrospinning to covalently bond reactive molecules that can be used to graft new polymers to 
the surface of the nanofibers. This poster will present attempts to covalently bond aromatic 
heterocycles to polymer nanofibers in order to graft electroactive thiophene-based polymers to 
the nanofibers. The resultant graft copolymers would potentially be useful for applications 
including biomedical materials, sensors, water purification, and energy storage. 
 
 
 
Biographies of Presenters 
 
Adelyne Towne is a sophomore undergraduate biochemistry major at Texas 
State University. In summer 2021, she participated in Texas State 
University’s Department of Energy-funded STEM Undergraduate Research 
Experience. Adelyne is planning to seek a Ph.D. in Biochemistry to prepare 
for a career in biomedical research. 
 
 
 
 
Madeleine Pastore is a junior undergraduate chemistry major at Texas State 
University. In summer 2022 she was a Texas State University CheMIE REU 
participant. She hopes to pursue a PhD so that she can lead materials 
chemistry and environmental engineering research.  
 
 
 
 



�
�����7H[DV�35(0�&RQIHUHQFH�

�
5XWKHQLXP�&KURPLXP�2[LGH�$HURJHO�(OHFWURFDWDO\VWV��6WUXFWXUH��

2[\JHQ�(YROXWLRQ�$FWLYLW\�DQG�6WDELOLW\�
-HVXV�$GDPH�6RORULR���.DWKOHHQ�%DLOH\���&KULVWRSKHU�3��5KRGHV��

�'HSDUWPHQW�RI�&KHPLVWU\�DQG�%LRFKHPLVWU\��7H[DV�6WDWH�8QLYHUVLW\��6DQ�0DUFRV��7;�������

HPDLO��FSUKRGHV#W[VWDWH�HGX��ZHEVLWH�KWWS���UKRGHV�ZS�W[VWDWH�HGX���

�
$EVWUDFW�

�

&DWDO\VWV�ZLWK�HQKDQFHG�DFWLYLW\�DQG�VWDELOLW\�DUH�QHHGHG�IRU�WKH�DQRGLF�R[\JHQ�HYROXWLRQ�UHDFWLRQ�
�2(5�� RFFXUULQJ� LQ� SURWRQ� H[FKDQJH�PHPEUDQH� �3(0�� ZDWHU� HOHFWURO\]HUV�� 5XWKHQLXP�R[LGH�
EDVHG�FDWDO\VWV�KDYH�VKRZQ�WKH�KLJKHVW�UHSRUWHG�DFWLYLWLHV�RI�DQ\�DFLGLF�2(5�FDWDO\VWV��EXW�WKHLU�
LQVWDELOLW\�LV�D�PDMRU�URDGEORFN�IRU�ZLGHU�XVH��:H�LQYHVWLJDWHG�WKH�HIIHFW�RI�WHPSHUDWXUH�WUHDWPHQW�
LQ�DLU�RQ�5X�&U�DQG�5X�R[LGH�DHURJHO�VWUXFWXUH�DQG�HOHFWURFKHPLFDO�SURSHUWLHV�DV�DQ�DSSURDFK�WR�
LQFUHDVH�WKH�2(5�VWDELOLW\�DQG�DFWLYLW\��7KH� WKHUPDOO\� WUHDWHG�5X�&U�R[LGHV�VKRZHG� LQFUHDVHG�
VXUIDFH� DUHD� DQG� SRURVLW\� UHODWLYH� WR� 5X�R[LGHV�� (OHFWURFKHPLFDO� WHVWLQJ� UHYHDOHG� WKDW� &U�
LQFRUSRUDWLRQ� LPSURYHG� FDWDO\WLF�2(5�DFWLYLW\�� +LJKHU� WHPSHUDWXUH� WUHDWPHQWV� DOVR� UHVXOWHG� LQ�
KLJKHU�2(5�FDWDO\WLF�DFWLYLW\�IRU�5X�&U�R[LGHV�ZKHUHDV�5X�R[LGHV�VKRZHG�KLJKHU�2(5�FDWDO\WLF�
VWDELOLW\� UHODWLYH� WR� D� FRPPHUFLDO� 5X2��� 7KH� UXWKHQLXP�FKURPLXP� FDWDO\VW� WUHDWHG� DW� ����&�
VKRZHG�PRUH�WKDQ����WLPHV�KLJKHU�PDVV�DFWLYLW\�DQG�VLPLODU�VWDELOLW\�FRPSDUHG�WR�D�FRPPHUFLDO�
5X2���LWV�DFWLYLW\�UHPDLQHG�KLJKHU�WKDQ�WKH�FRPPHUFLDO�5X2��DIWHU�DSSO\LQJ�D�FRQVWDQW�SRWHQWLDO�
RI�����9�GXULQJ������K��DFFHOHUDWHG�GXUDELOLW\�WHVW���7KH�UXWKHQLXP�R[LGH�FDWDO\VW�WUHDWHG�DW�����&�
H[KLELWHG�KLJKHU�VWDELOLW\�WKDQ�WKH�FRPPHUFLDO�5X2��DIWHU�WKH�DFFHOHUDWHG�GXUDELOLW\�WHVW��)XUWKHU�
ZRUN� WR� H[SORUH� GLIIHUHQW� WHPSHUDWXUH� UDQJHV� DQG� 5X�&U� FRPSRVLWLRQV� FDQ� SURYLGH� 2(5�
HOHFWURFDWDO\VWV�ZLWK�KLJK�DFWLYLW\��LPSURYHG�VWDELOLW\�DQG�ORZHU�FRVW���
�
%LRJUDSK\�RI�3UHVHQWHU�
'U��-HVXV�$GDPH�6RORULR�KDV�EHHQ�LQYROYHG�LQ�UHQHZDEOH�HQHUJ\�UHVHDUFK�IRU�WKH�ODVW�WHQ�\HDUV��
6LQFH�KLV�XQGHUJUDGXDWH�VWXGLHV� LQ�0H[LFR��KLV�SULPDU\� LQWHUHVW�KDV�EHHQ� WKH�GHYHORSPHQW�RI�
QDQRVWUXFWXUHV� IRU�GLIIHUHQW�DSSOLFDWLRQV� LQ�JUHHQ�FKHPLVWU\�VXFK�DV� WKH�GHYHORSPHQW�RI�QLFNHO�
QDQRFDWDO\VWV�IRU�WKH�K\GURJHQ�HYROXWLRQ�UHDFWLRQ�DQG�WKH�VWXG\�
RI� WKH� SODVPRQLF� HIIHFW� RI� JROG� QDQRSDUWLFOHV� LQ� RUJDQLF� VRODU�
FHOOV��'XULQJ�KLV�VWXGLHV�LQ�WKH�0DWHULDOV�6FLHQFH��(QJLQHHULQJ��
DQG�&RPPHUFLDOL]DWLRQ��06(&��3K��'��SURJUDP�DW�7H[DV�6WDWH�
8QLYHUVLW\�KH�REWDLQHG�VHFRQG�SODFH�LQ�WKH����VHFRQG�(OHYDWRU�
3LWFK�FRPSHWLWLRQ�GXULQJ�WKH������(QWUHSUHQHXU�,QWHQVLYH�&RXUVH�
DQG�ZDV�DZDUGHG�WKH������:LOVRQ�/DWLQ�$PHULFDQ�6FKRODUVKLS��
$OVR�� KH� KDV� UHFHQWO\� JUDGXDWHG� IURP� WKH� 3K�� '�� LQ� 0DWHULDOV�
6FLHQFH��(QJLQHHULQJ�DQG�&RPPHUFLDOL]DWLRQ�SURJUDP�DW�7H[DV�
6WDWH�8QLYHUVLW\�LQ�'HFHPEHU��������
�
�



 
2023 Texas PREM Conference 

 
G-triplex based Biosensor for the Detection of Calcium(II) ions  

Elizabeth Williams,1 Mitchell Myhre,1 Christina Kuczynski,1 Samantha Unuigbokhai,1 Sean M. Kerwin1,2  
1Department of Chemistry & Biochemistry, Texas State University 

2Materials Science, Engineering, and Commercialization Program, Texas State University 
 

Abstract  
G-quadruplex DNA structures, which are formed from planar stacks of G-tetrads, have recently 
received attention as recognition elements in bioanalytical assays. DNAzymes are functionally 
active, synthetic single-stranded DNA molecules that are capable of catalyzing biological 
reactions similarly to proteins or RNAzymes. One class of DNAzymes mimic peroxidase and 
catalyze the oxidation of luminol or ABTS in the presence of H2O2. These peroxidase-mimicking 
DNAzymes consist of G-quadruplex structures, which provide a suitable hydrophobic hemin 
binding pocket that contributes to oxidation enhancement. G-triplex DNA structures, which are 
characterized by G:G:G triads stabilized by Hoogsteen hydrogen bonding, were originally 
identified as folding intermediates for G-quadruplexes.  More recently, certain truncated G-
quadruplex forming sequences have been shown to form stable G-triplex structures; although, 
WKH� ³UXOHV´� IRU� ZKLFK� VHTXHQFHV� IROG� LQWR� VWDEOH� *-triplexes are not well defined. While G-
quadruplex-based peroxidase mimicking DNAzymes have been employed in a number of sensor 
designs, there have been no examples of chemiluminescence-based DNAzymes based on G-
triplex motifs. We hypothesized that the G-triplex could function as a type of peroxidase mimicking 
DNAzyme that could have some advantages in sensor design. Here we show that a variety of 
previously-described and newly reported G-triplexes are able to catalyze the oxidation of luminol 
to produce chemiluminescence. Furthermore, various G-triplex forming sequences can be used 
to design label-free G-triplex based biosensors for the detection of Ca2+ ions. A simple and cost-
effective assay such as this would be beneficial to the diagnostic field for the current techniques 
of Ca2+ ion detection requires sophisticated instrumentation and complicated sample preparation.  
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Abstract  
Neuroblastoma is a type of childhood cancer diagnosed within the first years of life but begins 
metastasis during fetal development. This cancer develops in the nerve tissue, and spread in 
the adrenal glands, spinal cord, or neck, creating immature nerve tissue or neuroblasts. Protein-
coding and nonprotein-coding genes responsible for neuroblastoma cell differentiation have 
been discovered, and studies have shown that microRNAs (miRNAs) help to induce 
neuroblastoma cell differentiation and have oncosuppressive functions depending on the cell 
line. MicroRNAs are small molecules that bind to proteins to activate/deactivate or regulate 
gene expression by binding to the messenger RNA (mRNA), thus preventing protein 
translation.MicroRNAs are ideal as opposed to viral vectors because of their minimal 
immunogenic response, and their high reliability since most miRNAs can be chemically 
synthesized due to their short nucleotide sequence. Because of the negative phosphate groups 
in the miRNAs, and the presence of endo- and exonucleases within the cell, it is important to 
find a reliable nano vector. This experiment aims to develop a PEI-miRNA polyplex 
encapsulated in PGLA nanoparticles to be delivered to neuroblastoma cancer cells for 
differentiation to healthy nerve cells.  The microRNA used was chemically synthesized, the 
polyplex was prepared using nitrogen over phosphate ratio of RNA (N:P) to neutralize the 
negative charges of the miRNA with the positively charged PEI, and the complex formation was 
confirmed with gel electrophoresis. The results show that at a neutral charge, the RNA migrates 
slower. The polyplex was then encapsulated in PLGA nanospheres. 

Mr. Osorio is an undergraduate student at Texas State University. 
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using CRISPR-Cas9 and other molecular biology techniques, and 
participated in an REU at UT Austin where he worked on 
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Abstract 
     Proton-exchange membrane (PEM) electrolysis is a promising technology to produce clean 
hydrogen at large scale and aids efforts to increase use of renewable energy sources. Currently, 
iridium oxide-based oxygen evolution reaction (OER) catalysts are used for commercial PEM 
electrolyzers. Ruthenium oxide (RuO2) is more active for OER and less expensive than iridium 
oxide, but RuO2 catalysts lack stability under the acidic environment present during operation. To 
improve the stability of RuO2 OER catalysts, we are investigating the performance and durability 
of RuO2 and ruthenium-titanium oxide catalysts in electrolyzer membrane electrode assemblies 
(MEAs). The performance and durability of MEAs with commercial catalysts (iridium oxide and 
ruthenium oxide) are evaluated to establish a performance baseline and an endurance testing 
protocol suitable to evaluate novel Ru-based catalysts. Ink formulation and spray parameters 
were established to deposit the OER catalyst layer directly onto the membrane and obtain a 
uniform catalyst layer with controlled catalyst loading. Commercial ruthenium oxide MEAs 
exhibited rapid degradation (~30 min) under the testing protocol used providing a basis for 
evaluation of a metal-substituted ruthenium oxide catalyst under similar conditions. The 
degradation time of RuO2 MEAs was found to depend on the current density and voltage. Ti-
substituted ruthenium oxide was synthesized hydrothermally with a nominal titanium 
concentration of 20 at. % and thermally treated in air at 450 °C. X-ray diffraction showed peak 
shifts consistent with the incorporation of Ti into the rutile RuO2 structure. 
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Abstract 
Hydrogels are three-dimensional hydrophilic polymer networks with tissue-like properties that 
have been used in biomedical applications for several decades. In our laboratory, a pulsatile drug 
delivery system based on dynamic poly(ethyleneglycol) (PEG) hydrogels crosslinked via thiol/ene 
Michael addition was previously explored. These hydrogels were designed to be photothermally 
activated upon irradiation of embedded poly(ethylenedioxythiophene) (PEDOT) nanoparticles. 
While showing great promise, the dynamic nature of the crosslinks of these hydrogels led to the 
uncontrolled hydrogel dissolution and consequent release of entrapped agents when no 
stimulation was applied when in an unconstrained aqueous environment. In this work, 4-arm-
PEG-Maleimide (PEG-Mal) is investigated as a potential solution providing a secondary crosslink 
to contain the unwanted release. To synthesize the hydrogel, a Michael addition of thiol-ene 
functional four-arm PEG-benzylcyanoacetamide, PEG-thiol, and PEG-Mal was conducted. 
Various molar ratios of the three precursors were explored. The hydrogel was loaded with PEDOT 
nanoparticles to provide it with photothermal properties, and BSA-FITC, a fluorescently labeled 
protein, acted as a therapeutic mimic. The release of BSA-FITC upon application of heat or laser 
irradiation of the hydrogels was confirmed visually and spectroscopically. Results showed that no 
undesired release of BSA-FITC occurred from hydrogels that included PEG-Mal, in contrast to 
those lacking these stable crosslinks. Further studies will be carried out to verify the addition of 
PEG-Mal as a viable option for the preparation of hydrogels for the pulsatile release of therapeutic 
agents. 
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Abstract 
Traditional solid state synthesis techniques typically generate highly crystalline, 

thermodynamically stable phases. However, low energy crystal faces have relatively low catalytic 

activities and phase segregation often prevents the formation of solid solutions.  We hypothesize 
that rapid heating and cooling using a translating focused laser beam can overcome 

thermodynamic barriers by: limiting the extent of diffusion, exposing unusual crystal faces, and 

forming a high number of active defect sites.  Here we explore the synthesis of two catalyst solid 

solutions from amorphous and crystalline precursors: (Ti/Ta)O2, an anodic electrocatalyst, and 

(Mo/W)S2, a hydrogen evolution catalyst.  We find that the structures and compositions of our 

laser-synthesized products differ from those synthesized using conventional heating methods. 
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Abstract  
3URWRQ�H[FKDQJH�PHPEUDQH�ZDWHU�HOHFWURO\]HUV� �3(0:(¶V��DOORZ�HOHFWURFKHmical splitting of                                                                                  
water into hydrogen and oxygen and can be powered by renewable energy sources (e.g. solar, 
ZLQG��� UHVXOWLQJ� LQ� JHQHUDWLRQ� RI� ³JUHHQ� K\GURJHQ´�� 7KH� large-VFDOH� DGRSWLRQ� RI� 3(0:(¶V� LV�
hindered by the sluggish kinetics and cost of the oxygen evolution reaction (OER) catalyst at the 
anode. The current state-of-the-art OER catalysts are iridium-based; however, iridium is a rare 
HOHPHQW� LQ� WKH� (DUWK¶V� FUXVt and is extremely expensive, resulting in high catalyst costs. 
Ruthenium oxide (RuO2) OER catalysts are of interest due to their higher activity and lower cost 
compared to iridium oxide; however, RuO2 is unstable and corrodes over time. By incorporating 
tantalum, niobium, or zirconium into ruthenium oxide at various concentrations, Ru1-xMxO2 (M= 
Ta, Nb, Zr, x=0-50 at. %), the catalyst cost and stability can be potentially improved. X-ray 
photoelectron spectroscopy (XPS) was used to characterize the surface electronic structure of 
the Ru1-xMxO2 catalysts. Preliminary XPS analysis shows that tantalum is at a +5-oxidation state, 
niobium is at a +5-oxidation state, and zirconium is at a +4-oxidation state. X-ray diffraction and 
scanning electron microscopy (SEM) characterization show that the addition of the metal 
substituents, Ta, Nb, or Zr, affected the overall structure and morphology of the catalysts. 
Preliminary rotating disk electrode results show that the addition of the metal substituents into 
ruthenium oxide have a significant effect on the OER activity of the synthesized Ru1-xMxO2 
catalysts. Our findings help to further the development of high activity, lower cost, and high 
stability ruthenium based OER catalysts that can improve the efficiency and lower the operating 
costs of PEMWEs. 
 
Biography of Presenter 
Kathleen Bailey is a senior undergraduate at Texas State University and 
has been a part of the Rhodes research group since June of 2021. Her 
undergraduate research focuses on surface characterization of 
ruthenium-based oxygen evolution reaction catalysts.  

 



 
2023 Texas PREM Conference 

 
Mechanochemical Synthesis and Characterization of Ruthenium-

Titanium Oxide Oxygen Evolution Electrocatalysts for Water Splitting  
Camden Caffey, Fernando Godinez-Salomon, and Christopher Rhodes* 

Department of Chemistry and Biochemistry  
Texas State University, San Marcos, TX 78666 

*email: cprhodes@txstate.edu; website http://rhodes.wp.txstate.edu/ 
 
Abstract 
Proton-exchange membrane water electrolysis (PEM-WE) is a promising technology for 
sustainable,  large-scale hydrogen production. However, the very harsh conditions found on the 
anode during the oxygen evolution reaction (OER), limit the choice of catalysts to platinum group 
metals (PGMs). Iridium-based materials have shown the best compromise of activity and stability 
under PEM-WE conditions, however, for large-scale systems (MW’s or GW’s), iridium scarcity in 
combination with high-catalyst loading (0.5-4.0 mgPGM/cm2) becomes a serious technical and 
economic problem that limits wide-scale adoption of PEM-WEs. Ruthenium is a more abundant, 
cheaper, and more catalytically active than iridium, but its application has been limited due to 
significantly lower stability compared to iridium. Recently, our group has been working on the 
development and understanding of structures based on solution-phase synthesized RuTiOx 
materials, which have shown improved stability [1]. Mechanochemical synthesis has 
demonstrated great value in the fabrication of heterogeneous catalysts at larger scales and with 
well-integrated structures. In this study, we evaluated a mechanochemical synthesis route to 
produce RuTiOx materials.  RuO2 and TiO2 were combined in a 50:50 ratio into a ball mill jar and 
was ball milled for 1, 5, 10, and 15 hours. The structure of RuTiO2 was monitored using X-Ray 
Powder Diffraction. The increase of the ball-milling time reduced the size of particles, which would 
suppose more efficient catalysts in terms of the number of active sites, and increased the 
RuO2:TiO2 integration marked by the conversion of the TiO2-anatase phase into a single rutile 
RuTiO2 after 10 hours.   
References  
1. Godínez-Salomón, J. F.; Ospina-Acevedo, F.; Albiter, L.; Bailey, K.O.; Naymik, Z.G.; 

Mendoza-Cruz, R.; Balbuena, P.B.; Rhodes, C.P. ACS Applied Nano Materials, 5 (8), 11752–
11775. https://doi.org/10.1021/acsanm.2c02760  

 
Biography of Presenter  
Camden Caffey is an undergraduate student at Texas State 
University and will receive a Bachelor of Science in Chemistry with a 
Pre-Medical concentration and a minor in Biology when she 
graduates in May 2023. She hopes to continue her education by 
going to medical school after she graduates. 

 

mailto:cprhodes@txstate.edu
http://rhodes.wp.txstate.edu/
https://doi.org/10.1021/acsanm.2c02760


 
2023 Texas PREM Conference 

 

Synthesis and Characterization of Nickel Hydroxide Cathodes for 
Rechargeable Alkaline Nickel-Zinc Batteries 

Jaret A. Manley,1 Cory M. Silguero,1 Samuel W. Kimmel,2 and Christopher P. Rhodes1,2* 

1, Department of Chemistry and Biochemistry, Texas State University 
 2Material Science, Engineering, and Commercialization Program, Texas State University  

*email: cprhodes@txstate.edu; website http://rhodes.wp.txstate.edu/ 
Abstract  

With an increase in concerns about the highly flammable electrolyte used in Lithium-Ion batteries, 
widely used in today’s market, there exists a need for a new and safer battery for electrochemical energy 
storage. Alkaline batteries with a nickel cathode and zinc anode offer a safer alternative to lithium batteries. 
Al-substituted D-Ni(OH)2 can potentially store more than one electron per Ni atom, increasing the energy 
density of the overall nickel-zinc cell. We investigate the effects of microwave reaction temperature and 
reaction duration on the electronic structure and local coordination environment of D-Al-Ni(OH)2 nanosheets 
deposited onto carbon nanofiber paper (Al-Ni(OH)2@CNP) by Raman and X-ray photoelectron 
spectroscopy (XPS). XPS was used to probe the binding energy of N1s, O1s, Ni 2p core electrons and 
showed the reaction temperature alters the surface electronic structure Raman spectroscopy was used to 
probe the Ni-O lattice, hydroxyl modes of D-Ni(OH)2 and modes of other residual synthetic precursors 
incorporated into the structure. Raman was collected using a Horiba Labram HR Evolution confocal Raman 
Spectrometer using backscattering geometry and a 600 groves per nm grating at a 10% ND filter on a 514 
nm Argon-ion laser. Varying the microwave reaction temperature and reaction duration results in 
differences in surface agglomeration, XPS binding energies, and Raman vibrational mode frequencies of 
the Al-Ni(OH)2@CNP. Understanding and correlating changes in microwave reaction conditions with 
changes in the electronic structure and local coordination environment of Al-Ni(OH)2@CNP can further the 
development of safer nickel-zinc batteries.  

Jaret Manley (left): I am currently a Senior at Texas State pursuing a bachelor’s in chemistry with 
plans to continue here and achieve a master’s in chemistry. I work 
under Dr. Christopher P. Rhodes in the synthesis of nanomaterials 
used for electrochemical storage, specializing 
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Spectroscopy.  
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Abstract   
The increased demand for green renewable energy has made hydrogen a viable option 

for energy storage. Hydrogen produced by proton exchange membrane water electrolyzers 
produces storable hydrogen with only water and electricity and can provide a chemical feedstock 
that will lower total carbon emissions within multiple manufacturing sectors. Electrocatalysts for 
the anodic oxygen evolution reaction (OER) have sluggish kinetics, stability challenges, and 
currently require expensive and rare Ir-based catalysts. Ruthenium oxide (RuO2) provides a 
higher OER activity and lower cost compared to iridium oxide; however, RuO2 is less stable than 
,U2��ௗ�:H�UHFHQWO\�UHSRUWHG�WKDW�VXEVWLWXWLRQ�RI�WLWDQLXP�LQWR�5X22 provides OER catalysts with 
improved stability. In addition to the effects of Ti, the thermal processing conditions impact 
structure and performance. In this study, the effects of thermal treatment temperature and 
atmosphere on the structure, OER activity, and stability of ruthenium-titanium oxide 
electrocatalysts were determined. Ruthenium-titanium oxides using an 80:20 atomic ratio of Ru:Ti 
(notated as Ru0.80Ti0.20O2) were prepared using a hydrothermal synthesis route, thermally treated 
at various temperatures and atmospheres, and characterized by x-ray diffraction, nitrogen 
physisorption, and rotating disk electrode measurements. Lowering the treatment temperature 
increased the catalyst’s Brunauer-Emmett-Teller surface area. Treatment in oxygen atmosphere 
significantly increased the initial OER mass activity compared to Ru0.80Ti0.20O2 treated in air at the 
VDPH� WHPSHUDWXUH�ௗ� $FFHOHUDWHG� GXUDELOLW\� WHVWV� VKRZHG� WKDW� WKe mass activity retained of the 
catalyst was improved using a lower thermal treatment temperature. The results of this study 
further the understanding of OER catalyst design and provide a path developing OER catalysts 
with improved activity and stability, and lower cost that contribute to the goal of realizing a 
widespread hydrogen-based economy. The next steps in this study include characterizing 
differences in the surface of each catalyst with x-ray photoelectron spectroscopy and determining 
rate of dissoOXWLRQ�RI�FDWDO\VW�GXULQJ�2(5�E\�,QGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHFWURVFRS\���ௗ 
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Abstract 
Surfactant molecules, found mainly in soaps and cleaning products, can be used for drug delivery 

via reversible micellization. Through exposure to light, azobenzene photosurfactants demonstrate 

a capacity for forming reversible micelles. Micelle formation occurs more readily with the trans-

isomer rather than the cis-isomer. The aim of this study is examining how different functional 

groups on azobenzene interact with UV-light and impact critical micelle concentration (CMC) 

value using both nuclear magnetic resonance spectroscopy methods as well as contact angle 

measurements revealing changes in interfacial tension. CMC value is the detectable region where 

aggregation begins. The research looked into two types: anionic and cationic photosurfactants; 

each compound's CMC values were calculated. As per the data, micelles are not formed as easily 

for anionic photosurfactants in cis-

isomer compared to trans-isomer 

since their CMC value is higher. 

This may be due in part to the 

inhibition of tight packing in the cis-

isomer. Moreover, it was observed 

that the compound with a trimethyl-

ammonium group had a larger CMC 

value compared to its counterpart 

with imidazole.  
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Azobenzene is a ubiquitous organic chromophore that undergoes reversible cis-trans 
isomerization.  Typically, UV irradiation leads to formation of metastable cis-isomer which reverts 
to the trans-isomer by either spontaneous thermal isomerization or visible light 
photoisomerization.  As a chromophore, azobenzene advantages include photostability and facile 
synthesis of derivatives. By judicious aromatic substitution, properties like cis-isomer lifetime, 
molecular geometry, aqueous solubility, excitation wavelength, and melting point can be 
controlled.  Azobenzene synthesis and characterization is a cornerstone of our research group.  
Published studies have included photopharmacology, reversible micellization of single strand 
DNA hybrids, cis-trans mechanoisomerization in elastomers, and the  rate of phenyl rotation in 
the cis-isomer. Recently we have initiated research into reversible photoadhesives and solar 

thermal fuels.  A key to understanding 
isomeric differences in properties is the 
preparation and isolation of the cis- and 
trans-isomers.  The isomers display 
distinct differences in UV-Vis spectra, 
NMR spectra and physical properties. 

.  
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Abstract 
Adding lasers and other active devices in silicon photonics would greatly increase the 
speed of data transfer between chips, which is especially important  as multicore CPUs and 
GPUs increasingly fight over the narrow data paths to memory. However, common laser 
materials such as GaAs are incompatible with silicon. On the other hand, dilute germanium 
carbides such as Ge:C and GeSn:C emit light and can be grown directly within silicon CMOS 
electronic chips. Our group has previously been able to use Raman spectroscopy to roughly 
measure the concentrations of carbon and Tin in samples of germanium. These measurements 
roughly correlated to other techniques like XPS and RBS. With this study, we are studying the 
possibility of using Raman spectroscopy to measure and quantify defects in these same 
materials. Raman shift relies on the characteristics of bonds between the atoms. The bonds 
created by defects vary in direction and length compared to substitutional atoms, especially at 
carbon-carbon split interstitial sites, where two C atoms share a single Ge site. Polarization 
dependent Raman spectroscopy should allow us to isolate and view bonds that are only aligned 
in certain orientations in the crystal by using a halfwave plate and polarization analyzer. With 
defect bonds, we expect the forbidden and allowed modes of polarized Raman to reduce in 
difference as the defect bonds are less orientation dependent. My preliminary measurements 
show a distinct difference in the intensity of the Raman peak according to polarization, and the 
intensity is the same as samples of pure Ge. Polarization dependent Raman of more samples of 
the highly mismatched GeCSn alloy will further help distinguish between the effects of defects 
and “expected” behavior of the material.  Future work will study samples with known defects for 
comparison, and also study the pressure dependence of both Raman and photoluminescence 
spectra to further separate the effects of defects from the overall band structure.  
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Abstract 
Van der Waals heterojunctions have emerged as promising materials systems to realize novel 
electronic, optoelectronic, and neuromorphic hardware circuits. Controlled synthesis, assembly, 
and fundamental characterization of passivated materials are becoming increasingly crucial for 
this class of materials due to extreme sensitivity to environmental effects. Thus, the purpose of 
this poster is twofold. First, I wish to present a snapshot of nanomaterials research and facilities 
from our group (Hersam) at Northwestern University and general user facilities on the campus. 
Research topics on nanomaterials, assembly, and characterization are chosen to spark ideas for 
future collaborations within the PREM partnership between NU MRSEC, the University of Texas 
at Arlington, and campuses. Second, I will discuss the initial results from existing PREM 
collaborations to complement more exhaustive presentations by PREM students. For example, I 
will showcase initial results on heterojunction devices where bulk Si semiconductor and two-
dimensional SnO2 quantum wells are separated by a thin tunnel barrier. In particular, memristive 
switching in SnO2 quantum wells has been exploited to obtain relaxation oscillators operating in 
the MHz range. I will also present initial results in using ternary oxide materials for 
photoelectrochemical cells and discuss emerging optoelectronic applications.   
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Abstract 
An ability to detect specific sequences of DNA or RNA of various pathogens, such as Covid-19, 
is critical for public health and national security. Although polymerase chain reaction (PCR) or 
reverse transcription PCR (RT-PCR) has been the gold standard for pathogen detection, it 
requires a substantial amount of time (>1 hour), trained personnel, and lab space. Here we 
present an approach that enables a fast, portable, and inexpensive detection of specific 
sequences of oligonucleotides. Using 67-mer oligonucleotides (oligos) having a Covid-19 
sequence as a model system, we demonstrate that the Covid-19 oligos can be detected in less 
than 5 minutes on a solid substrate (silicon or glass) smaller than a thumb, with a dimension of 6 
mm by 9 mm. In our approach, the Covid-19 oligos are sandwiched between a capture Au 
nanoparticle (C-AuNP) and probe Au nanoparticles (P-AuNPs), to form core-satellite nanoparticle 
conjugates, which are detected by the red shift of the plasmon resonance peak in UV-VIS 
spectroscopy. The total hybridization time to form the core-satellite conjugates is only 3 minutes, 
with a detection sensitivity currently as low as 50 pM. In addition, the absorbance change of the 
red-shifted plasmon resonance peak correlates with Covid-19 oligo concentrations, enabling a 
quantitative detection over a concentration range of at least 4 orders of magnitudes. The 
fabrication cost of the detection unit is currently less than 5 dollars, while much lower cost is 
expected as the detection units can be mass-produced using current semiconductor fabrication 
technology. Our approach has a potential to be used as a fast, portable, and inexpensive initial 
screening of various pathogens in the field. This work was supported by the National Science 
Foundation (DMR-2122128, ECCS-2031770, and DMR-1720139). 
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Abstract:  

The projection of developing durable and economic electrocatalysts for energy conversion is 
getting hot. Though demand for environmental-friendly energy sources is at its maximum, Pt-
group metals (PGM) are scarce and expensive, and the full potential of earth-abundant metals for 
substituting with PGM has yet to be exploited due to insufficient design strategies. The current 
study aims to optimize the electronic properties and modify the catalyst structure by enhancing 
the intrinsic catalytic activity and expanding the electrochemical active surface area. We report 
on synthesizing a 3D heterostructure of aligned Ni5P4-Ni2P/NiS (plate/nanosheets) using a 
phospho-sulfidation process. An ultrathin nickel mesh is selected to facilitate the uniform transport 
of chemical vapors over the entire surface and provide spatial freedom for removing the produced 
hydrogen. The heteroepitaxial growth between Ni5P4-Ni2P plates and NiS nanosheets inspires us 
to adopt the design of prickly pear cactus, entirely pertinent to the Southwest and Desert regions 
of the planet. The synergistic presence of heterointerfaces and the epitaxial NiS nanosheets 
improves the hydrogen evolution reaction (HER). The onset overpotential of the best ternary 
catalysts is 35 mV, and overpotentials of 70 and 115 mV are attained by the current densities of 
10 and 100 mA cm-2, respectively. Electrochemical impedance spectroscopy (EIS) studies reveal 
that the charge transfer resistance reduces remarkably for the best ternary electrocatalyst due to 
enhanced electron transfer at interfaces. Our findings show that the epitaxial NiS nanosheets 
increase the active catalytic surface area, synergistically elevate the intrinsic catalytic activity by 
introducing heterointerfaces, and remarkably support accommodating the Had. ATTARZADEH, 
NAVID  
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Abstract  
Research and development activities in the topical area of semiconducting metal oxides (SMO) 
for application in a wide variety of sensors for utilization in domestic and industrial sectors is 
continually rising. The strong, continued interest in SMOs is primarily driven by the increased 
market size of sensors for consumer and industrial applications. Optimization of industrial 
processes require rapid sensor responses, and along with these optimizations they reduce the 
amount of hazardous chemicals being released into the environment from these processes. 
Recently, Ba(Fe0.7Ta0.3)O3±į��%)72��KDV�EHHQ�HYROYHG�DV�DQ�HIILFLHQW�R[\gen sensor material 
with a functionality over a broad temperature and oxygen partial pressure range. However, efforts 
directed to understand the fundamental scientific aspects of crystal chemistry and phase 
stabilization, especially as a function of variable thermochemical synthetic conditions, in BFTO 
materials is meager. In this context, in the present work, we focused our efforts on the synthesis 
and characterization of bulk and thin film Ba(Fe0.7Ta0.3)O3±į� (BFTO30) materials. The BFTO 
compounds were synthesized using the conventional high-temperature solid-state chemical 
reaction method. The structure and phase stability of the BFTO bulk materials studied in order to 
optimize the bulk target, which was used to fabricate thin films by pulsed-laser deposition (PLD). 
The BFTO films were made by PLD by varying the deposition temperature and oxygen pressure. 
The effect of these thermodynamic parameters on the structure, composition, and optical 
properties is established. 
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Abstract  
The performance of various renewable energy devices such as fuel cells, electrolyzers, and 
metal-air batteries heavily relies on the interconversion of OH-/H2O with a singlet ground spin 
state without unpaired electrons and O2 in the spin-triplet state with two unpaired electrons. 
However, due to the non-conservation of spin, this reaction requires additional energy and 
exhibits slow kinetics. Hence, it is crucial to consider the "spin transition" in addition to "charge 
transfer" to achieve a true breakthrough in reducing the high overpotential and increasing the 
kinetics of oxygen electrocatalysis. Recently, using an external magnetic field to enhance the 
kinetics of oxygen electrocatalysis has emerged as an advanced strategy. The most significant 
contribution of a magnetic field to oxygen electrocatalytic reactions is its effect on the spin 
polarization of the catalysts, resulting in the spin selectivity afforded under the field. While most 
research has shown spin-regulated oxygen evolution reaction (OER) only on ferromagnetic 
catalysts, we demonstrate that ferrimagnetic and superparamagnetic samples can also couple 
with external magnetic fields, enhance OER activity, and the extent of enhancement depends 
intimately on the total magnetic moment of the catalyst. Different electrochemical and control 
experiments, including analysis under various temperatures, stirring, and magnetic field 
orientations, revealed that the magnetic field-induced enhancement in ferrimagnetic and 
superparamagnetic iron oxide (f-Fe3O4 and s- Fe3O4) occurs via spin selectivity effects. Thus, this 
study proves for the first time a positive correlation between the magnetic moment and spin 
polarization in enhancing the efficacy of OER. This work provides novel perspectives for the 
design and synthesis of magnetic catalytic materials and opens up new avenues for external 
magnetic field-enhanced electrocatalysis. 
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Abstract 
Oxygen evolution reaction (OER) is a crucial process in many energy conversion and storage 
systems, including electrochemical water splitting and zinc-air batteries. Efficient and durable 
electrocatalysts for OER are required to enhance the performance and sustainability of these 
systems. In this study, we report the in-situ magnetization of Ni-Phthalocyanine-based Covalent 
Organic Framework (NiPc-COF) and their MXene heterostructures for spin-selective OER 
electrocatalysis. The NiPc-COF/MXene heterostructures exhibited enhanced electrocatalytic 
performance for OER, with a lower overpotential and higher current density than the pristine Ni-
Pc-COF and MXene alone. This enhancement is attributed to the synergistic effect of the in-situ 
conversion of the NiPc spin unit from 0 to 1 in alkaline medium and the conductive nature of 
MXene. Furthermore, the spin-enhanced performance of NiPc-COF/MXene electrocatalyst was 
tested in a zinc-air battery. The discharge performance of the zinc-air battery using Ni/Pc-
COF/MXene as an air cathode shows an improved discharge capacity and higher power density 
in a presence of a magnetic field compared to the regular conditions.  This work provides a new 
strategy for designing efficient electrocatalysts for OER, and the spin-selective property may have 
potential applications in spintronics and magnetic storage devices. 
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Abstract  
Water splitting systems rely heavily on the efficiency of the electrocatalytic oxygen evolution 
reaction (OER), which is a complex and multi-step process involving the conversion of 
diamagnetic hydroxyl species to paramagnetic oxygen molecules. This spin conversion requires 
additional energy and often leads to high overpotentials for most OER catalysts. Single atom 
catalysts (SACs) have emerged as a promising catalyst class due to their high specific single-
atom metal sites, versatile coordination design, and efficiency. However, SACs can be prone to 
deactivation under harsh conditions, reducing their catalytic activity. In this study, we designed a 
NiCl2dppp transition metal complex-based single molecule catalyst (SMC) immobilized on 
graphene acid (GA). In the NiCl2dpp on GA (NiGA) catalysts, the SMC is stabilized by strong non-
covalent interactions, such as H-bonding and pi-pi stacking. The resulting strong interfacial 
connection and preferential band alignment facilitate efficient electron transfer from NiCl2dpp to 
GA, generating highly active interfacial catalytic sites for OER. Further, we identified in-situ 
structural changes of NiCl2dppp under highly alkaline conditions, which transformed NiGA into a 
magnetic spin-active system, that can facilitate spin-polarized OER under an external magnetic 
field. When exposed to an applied magnetic field (~300mT), the catalyst demonstrated a dramatic 
change in overpotential, reducing it from 290mV to 270mV at 1mA cm-2, and increasing the current 
density by 50%. Our control experiments confirmed spin-dependent OER activity with a low Tafel 
slope of 52mV Dec-1 for NiGA. The findings suggest that in-situ and ex-situ structural tailoring of 
SMCs could provide a pathway for magnetically triggered spin-selected OER and water splitting 
systems. 
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Abstract 

Ultra-wide bandgap materials (UWBG) with energy bandgaps ~4eV or larger are currently of 
immense interest for the development of devices for high-power electronics, deep-ultraviolet 
(DUV) optoelectronics, energy harvesting, electrocatalysis and quantum information processing. 
In this context, the functional metal oxide GeO2 is important for its large bandgap (4.5-6.0 eV), 
ambipolar dopability and large thermal conductivity. GeO2 exists primarily in two crystalline 
polymorphs: the rutile / tetragonal (r) phase and the Į-quartz / hexagonal (h) phase. Both 
polymorphs exhibit interesting and useful optical and opto-electronic properties. However, since 
it exists in multiple metastable phases with similar formation energies, isolated synthesis of 
multiple polymorphs with high crystal quality is challenging and has hindered its adoption into 
advanced optoelectronic applications. Here, we employed radio-frequency magnetron sputtering, 
which is a relative cost effect method, to deposit r-GeO2 thin films on MgO (100) substrates in a 
controlled oxidation environment. The lower degree of interfacial lattice mismatch between r-
GeO2 and MgO enabled to tune the degree of epitaxy of the thin film based on the oxidation 
environment. The surface morphology, growth mechanism, optoelectronic properties, 
crystallography, and chemical stoichiometry of these thin films are studied in detail using atomic 
force microscopy, UV-Vis, Photoluminescence spectroscopy, Ellipsometry, X-ray diffraction, 
Transmission electron microscopy and X-ray photoelectron spectroscopy.  
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Abstract  
Lithium-ion batteries (LIBs) have become of great importance as the 21 century brought many 

advancements in portable computing, electric vehicles, and other advanced portable electronic 

devices. The reliance of these devices in addition to the continuous dispersant of greenhouse 

gases, due to recycling and production of lithium-ion batteries, calls for the advancement of LIBs 

with high energy density and specific power while minimizing emissions produced as a resultant 

from mining and manufacturing of rare earth elements. The objective of this study is to evaluate 

the electrochemical performance of Manganese-oxide (MnO2) short fibers-anode prepared from 

with CH3COO)2Mn 4H2O precursor fibers. The reason for using MnO2 as anode materials for 

LIBs is that manganese is less environmentally benign and has a theoretical specific capacity of 

1230 mAh g-1 which is higher than that for other metal oxides. The electrochemical 

performance will be analyzed using galvanostatic charge/discharge and cyclic voltammetry (CV) 

experiments. The charge/discharge profile of the MnO2 anode showed good electrochemical 

performance after 100 cycles at a current density of 100 mA g
-1

. The CV results agree with the 

charge/discharge experimental results. The MnO2 short-fibers anode delivered a specific 

capacity of 1090 mAh g-1 at 100 mA g
-1

 indicating good electrochemical performance. 
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Companies such as Boeing and Airbus have transitioned from alloys to reinforced composites for 
structural panels on their aircrafts. Significant improvements have resulted from this transition 
such as weight reduction and improved mechanical/thermal resistive properties. As the positive 
outcomes of composites are notable, it is of interest to widen the use use of these materials in 
the aerospace industry. A challenge to overcome relies on the ability to implement Structural 
Health Monitoring sensors (SHMs) that can withstand harsh environments. The purpose of this 
project is to develop an SHM sensor to be mounted unto a composite panel and capable of 
converting it into a smart panel. The SHMs will be used as a form of a Nondestructive Testing 
technique to provide data on the condition of the component’s structure while in service. The SHM 
sensor will be composed of polyvinylidene fluoride (PVDF) nanofibers blended with 
polydiacetylene (PDA). The fiber based mebranes will be developed using the Forcespinning® 
technique. PVDF nanofibers have been reported to possess promising mechanical/thermal 
properties combined with attractive piezoelectric response, adding the PDA will result in 
enhnacing the sensing ability by promoting a colorimetric response to applied temperature. This 
project is ongoing, currently the focus is on optimizing nanofiber production parameters. Multiple 
parameters are being tested and fibers analyzed using scanning electron microscopy. A 
compromise among fiber yield, fiber diameter and homogeneity of the system (lack of beads) is 
being considered during the optimization process. Once the ideal system is developed, thermal, 
electrical, and mechanical characterization will be conducted on the developed samples and 
under certain stimuli to evaluate sensing response. As adequate material property data is 
gathered the integration between the nanofiber system and composite structure will be designed. 
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Abstract: Triboelectric Nanogenerators (TENGs) have emerged as a promising technology for 
harvesting energy from the environment. They generate electrical power by converting 
mechanical energy from the surroundings into usable electrical energy. However, the current 
output of TENGs is limited, and it is dependent on the frequency of force applied to the device. 
This limitation has impeded the widespread adoption of TENGs as an energy harvesting solution. 
To overcome this limitation, a new TENG design based on a bristle structure utilizing Poly Fiber 
and Horsehair attached to a rotational cylindrical shaped structure has been proposed. The 
proposed design generates higher current output by using multiple bristles to collect and transfer 
charges. The device is powered by hand circular motion, and the output voltage and current have 
EHHQ�PHDVXUHG�XS�WR��9�DQG����ȝ$��UHVSHFWLYHO\��7KH�SURSRVHG�GHVLJQ�VKRZV�JUHDW�SURPLVH�DV�
a practical and efficient energy harvesting solution. The proposed device has an outer cylinder 
with a 5.5 cm radius and a height of 14.2 cm. The inner cylinder is 15.2 cm tall and has a radius 
of 4.5 cm. The bristles of the outer cylinder are 2 cm long and 0.5 cm wide, and the bristles of the 
inner cylinder are 8 cm long. The constant current and voltage generated by this TENG make it 
suitable for charging electrical devices. The proposed TENG design is expected to be further 
tested in efficiency at different speeds and applied to a cup connected to an electrothermal device 
for cooling. It presents new opportunities for further research and development of TENGs for 
energy harvesting. UTRGV_Shipu_Islam Uddin_Abstract. 
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Abstract 
 
With the increased demand of energy brought by a developing society, an increased need for 
alternative energy solutions becomes important. Triboelectric nanogenerators (TENGs) have 
emerged as a promising solution for energy generation in small electronic devices. Improving the 
surface charge energy is essential to increase the electrical output performance of TENGs. In this 
study a TENG consisting of Forcespinning® (FS) Polytetrafluoroethylene nanofibers (PTFE-NFs) 
and Forcespinning® (FS) Polyvinyl alcohol nanofibers (PVA-NFs), as the negative and positive 
layers respectively, were fabricated. A modification to the PTFE-NFs were made by coating the 
surface of the PTFE-NFs with multiwall carbon nanotubes to generate higher electrical output.  
Multiwall carbon nanotubes (MWCNTs) were dispersed in a deionized water solution using three 
different surfactants: Sodium Dodecyl Sulfate (SDS), Sodium dodecylbenzenesulfonate (SDBS), 
and Triton X-100 (TX-100), then the dispersions were analyzed. PTFE-NFs were submerged into 
the dispersion for 24 hours to coat the surface of the NF mat and increase the electrical output, 
like voltage. A 25.4 x 25.4 mm2 PTFE-NFs/PVA NFs TENG device was created by using 3D 
Stereolithography (SLA) technology, where a simple spring contact separation system was 
selected. Thin copper foil was used as electrode for both nanofiber mats. PTFE-NFs were 
characterized using a Scanning Electron Microscope (SEM) and X-Ray Diffraction (XRD). The 
electrical performance was characterized using an oscilloscope with the addition of a 
potentiometer.   
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Abstract: 
Through the years there has been a growing need for renewable energy sources, LSCs also 
known as Luminescent Solar Concentrators, are devices that can generate renewable 
electricity. LSCs are composed of a transparent *waveguide* and that waveguide is what's 
coated with a luminescent solution. Silicon Quantum Dots (Si QDs) are semiconductor 
nanocrystals that broadly absorb UV light and photoluminesce near-infrared light. Si QDs can 
suit LSC applications as they are nontoxic, are made from an abundant element, and have 
succeeded in renewable energy technology. We use nonthermal plasma to synthesize Si QDs, 
but as-synthesized, Si QDs have a high defect density. Silicon quantum dots absorb water and 
through a span of 3 to 6 months create a silicon dioxide shell. To shorten the creation of the 
Silica Shell we did a process called high-pressure water vapor annealing, that oxides the 
plasma synthesized silicon quantum dots and reduced the wait to 3 hours. The silicon dioxide 
(SiO2) shell protects the Si QD core and reduces the defect density. Unfortunately, Si/SiO2 
nanoparticles still agglomerate due to the nonpolar silicon hydride and polar silanol surface 
groups that prevent dispersion in either polar or nonpolar solvents. This work focuses on 
developing a method for the Si/SiO2 QDs to stay in a stable, homogeneous mixture. This study 
varied different aspects of the dispersion by experimenting with various ligands, pH levels, and 
solvents. We characterized the solutions by using FTIR, UV-Vis, and PL spectroscopies. We 
concluded that using PEG-Silane as a ligand in an acidic environment with a polar solvent led to 
a stable, homogeneous mixture with a high photoluminescence intensity.  
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Abstract  
Temperature responsive hydrogels are broadly studied as smart polymeric gels. These gels have 
the ability to respond to changes in temperature,  and, therefore, are viable candidates for sensing 
applications. Poly(N-isopropylacrylamide) (PNIPAM) based thermosensitive hydrogels demonstrate 
great potential in different biomedical and energy applications. As PNIPAM exhibits an abrupt coil-
to-globule transition around body temperature, 37ஈC, it is specifically ideal for biomedical 
applications. The PNIPAM composite hydrogels demonstrate high mechanical strength while being 
biocompatible and biodegradabile. In this work, PNIPAM/MWCNT composite hydrogel with fast 
thermal/conductive response and structural integrity is facilely prepared via ForcespinningTM and 
subsecuently crosslinked by undergoing heat treatment. N, N'-Methylenebisacrylamide (BIS) was 
used as a crosslinker agent in order to increase the stability of the fibers and inhibit PNIPAM from 
dissolving in water. These crosslinked fibers were subsequently processed into fibrous hydrogels 
in order to increase the surface area of the hydrogel and, therefore, increase the sensing 
capabilities. This nanofibrous membrane becomes a hydrogel when hydrated at the phase 
transition temperature (37ஈC-45ஈC). SEM analysis demonstrated that the fibrous structure of the 
nanofiber membrane was maintained within the hydrogel. DSC, TGA and FTIR curves, the 
crosslinked process can be confirmed. When analyzed on a potentiostat, the fibrous PNIPAM 
hydrogel exhibits a favorable change in the resistance when heated to the globule phase. This 
HVWDEOLVKHV�D�FRUUHODWLRQ�EHWZHHQ�WKH�VHQVRU¶V�HOHFWURFKHPLFDO�SURSHUWLHV�DQG�WKH�WKHUPDO�SKDVH�
transition. Therefore, this nanofibrous  hydrogel sensor demonstarted a good thermal-resistance 
response which is favourable for biosensing applications. 
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Abstract 
Several synthesis methods exist for the fabrication of transition metal carbide nanocrystalline 
nanoparticles, nanorods, nano-powders, and nanowires; however, it is still a great challenge to 
fabricate long and continuous ultra-high-temperature transition metal carbide nanofibers using 
scalable techniques for mass production. In this project, novel transition-metal carbide nanofibers 
are fabricated by the carbothermal reduction of polymer precursor nanofibers manufactured by 
ForcespinningTm. Solutions consisting of 15 wt. % Ammonium Metatungstate (AMT), 13 - 20 wt.% 
Polyvinylpyrrolidone (PVP) with a molecular weight of 1,300,000 g/mol, and deionized water were 
prepared in a scintillation vial and mixed with a magnetic stirrer for at least 24 hours to promote 
the intimate mixing and spun at fixed angular velocity (4,000 ± 9,000 rev/min). Fibers were 
collected into mats, dried, and crosslinked at 280°C in air for 2 hours and subjected to a 
carbonizing heat treatment of a range of 600°C ± 1000°C with soak times of 60 & 120 minutes in 
a tube furnace operating under Argon atmosphere. The oxidation behavior of the fibers after 
exposure to air at high temperatures was also investigated. Their microstructure was studied by 
SEM after each furnace heat treatment. The fibers will be analyzed using other characterization 
techniques such as TGA, XPS, and FTIR. The knowledge obtained from this project will enable 
the large scale fabrication of other ceramic fibers that exhibit a resistance to higher temperatures. 
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Design of Fibrous Membranes for Drug Delivery Application Through 
Emulsion-Based Systems 

Intisar (Zeina) Qubbaj, Cesar Montalvo, Victoria Padilla, Karen Lozano 
University of Texas Rio Grande Valley 

Abstract 
Nanofibers have attractive features to be used as an ideal drug delivery system due to its high 
surface area to volume ratio, allowing a high encapsulation efficiency and loading capacity. This 
research explores the feasibility of producing fibrous structures by combining two polymeric 
phases through an emulsion system for encapsulation of an active component with therapeutic 
properties, using Forcespinning® technique. Baicalin, a flavone glycoside compound extracted 
from the root of a traditional medicinal plant named Scutellaria baicalensis (SB), was considered 
in this study due its extraordinary anti-inflammatory, antioxidant, and antiviral activities. Polyvinyl 
alcohol (PVA) and Polycaprolactone (PCL) solutions were used as external and internal phases 
for the emulsion preparation. Three different internal phase concentrations (10, 20, and 30 wt.%) 
were used to study its influence on the fiber structure morphology. The presence of surfactant 
(tween 80) and the feasibility of encapsulating Baicalin were also analyzed. Beads on string 
structures were the predominant morphology obtained by the emulsion-based system, with beads 
sizes in the range of 2 to 10 µm. The results from the optical microscope and SEM images 
show there is a distinct correlation between the size of the droplets and beads for all systems. 
The presence of tween 80 produced smaller droplets diameters, as expected, but the bead sizes 
increased significantly. Based on the fiber production yield and sample homogeneity, 20% of the 
internal phase was the emulsion selected for baicalin encapsulation. Through the FTIR spectra 
were identified the functional groups of the membrane's components. The final membranes were 
successfully crosslinked, demonstrating water stability with potential to be used in drug delivery 
application.  
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Abstract  
An experimental setup for Electro-Centrifugal Spinning (ECS), relatively novel method of creating 
nanofibers, was created to take advantages of the benefits of both Electrospinning (ES) and 
Centrifugal Spinning (CS). The project seeks to maintain the high CS nanofiber production yields, 
while additionally incorporating ES benefits such as high alignment, fine diameter, and low 
variability of overall diameters. Initial tests using an Electro-Centrifugal Spinning (ECS) machine 
were conducted using PEO and DI H2O. SEM characterization of the produced fibers with different 
processing parameters (e.g., rotational speed and electric field voltage) are presented. Initial ECS 
experimental results show great potential for improved nanofiber morphology control and higher 
production yields. 
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Abstract 
Direct contact membrane distillation (DCMD) is a thermally driven energy and cost-efficient 
desalination technique where low-grade energy from solar or waste heat from plants can be 
used to recover fresh water from high saline water. Polyvinylidene fluoride (PVDF) nanofiber 
membranes were prepared by the ForceSpinning® (FS) method, these were later dip coated in 
different concentrations of graphene-acetone solutions. The ForceSpinning® method, unlike 
electrospinning, operates in the absence of electromagnetic fields, solely based on the use of 
centrifugal spinning where nanofiber production is mainly controlled by the angular velocity 
applied to the spinneret containing the polymer solution or melt. The use of FS method also 
results in a considerably high yield in a short amount of time. A 0.75 wt.% graphene-acetone 
solution showed adequate dispersion and distribution on the developed PVDF nanofiber 
membrane as confirmed by Scanning Electron Microscopy (SEM). The graphene-coated 
nanofiber membranes underwent a heat treatment process to reduce the probability of pore 
wetting during testing, while also ensuring the integrity of the PVDF nanofibers. Both coated and 
uncoated membranes were studied to evaluate the effect on mechanical strength and 
permeating flux. Water contact angle and surface roughness varied depending on the 
percentages of graphene in the coating solution. For the uncoated membrane, the contact angle 
was 130º and the coated one had 140º. At 58ºC, the brine side concentration was 8000 ppm 
and for 50 ml of fresh water, tests were run for 210 min and 285 min for uncoated and coated 
membrane respectively. The salt rejection was 97.5% and 93.5% respectively for the coated 
membrane and uncoated membrane whereas the permeate flux was 6.06 Lm-2h-1 and 8.25 
Lm-2h-1. Stainless steel filtering wire cloth of 165*1400 mesh size with 6% opening was used to 
support the PVDF membrane, this membrane presented a clog of approximately 94%. For 
correction, permeate flux should be nine times the tested one, 54.54 Lm-2h-1 and 74.25 Lm-2h-
1. Future testing will be conducted with different support materials with higher porosity. This 
study presents a promising platform for moderate to high salinity rejection, as well as produced 
water desalination. 
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Abstract 
 

With the increased demand of energy brought by a developing society, an increased need 

for alternative energy solutions becomes important. Triboelectric nanogenerators (TENGs) have 

emerged as a promising solution for energy generation in small electronic devices. Improving the 

surface charge energy is essential to increase the electrical output performance of TENGs. In this 

study a TENG consisting of Forcespinning® (FS) Polytetrafluoroethylene nanofibers (PTFE-NFs) 

and Forcespinning® (FS) Polyvinyl alcohol nanofibers (PVA-NFs), as the negative and positive 

layers respectively, were fabricated. A modification to the PTFE-NFs was made by coating the 

surface of the PTFE-NFs with multiwall carbon nanotubes to generate higher electrical output. 

Multiwall carbon nanotubes (MWCNTs) were dispersed in a deionized water solution using three 

different surfactants: Sodium Dodecyl Sulfate (SDS), Sodium dodecylbenzene sulfonate (SDBS), 

and Triton X-100 (TX-100), then the dispersions were analyzed. PTFE-NFs were submerged into 

the dispersion for 24 hours to coat the surface of the NF mat and increase the electrical output, 

like voltage. A 25.4 x 25.4 mm2 PTFE-NFs/PVA NFs TENG device was created by using 3D 

Stereolithography (SLA) technology, where a simple spring contact separation system was 

selected. Thin copper foil was used as electrode for both nanofiber mats. PTFE-NFs were 

characterized using a Scanning Electron Microscope (SEM) and X-Ray Diffraction (XRD). The 

electrical performance was characterized using an oscilloscope with the addition of a 

potentiometer.   
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Abstract  
Pullulan, a polysaccharide produced from starch by the Aureobasidium pullulans fungus, has 

been widely used as an additive in cosmetology, pharmacology, food industry, medicine, among 

others. This polymer has certain properties that allow it to be used in the production of coatings, 

films, and fibers, which has generated great interest thanks to its high biocompatibility and 

degradability properties. Pullulan fibers have been produced by several experimental methods, 

mainly by Electrospinning technology, which produces high homogeneity degree fibers; however, 

this procedure can transform only a few mL/h of a polymer solution into fibers, which is quite slow 

for the growing demand for this material. On the other hand, the Forcespinning technology, 

consisting of spinning a polymer solution when it is expelled in a jet form by centrifugation, has 

been able to produce pullulan fibers at a rate of g/min, representing a great advantage in terms 

of production/time ratio. Investigations related to pullulan fibers production have been based 

mainly on the feasibility of obtaining composite materials using pullulan as a support for other 

substances, nevertheless no reports have been found on studies about fiber production of this 

substance considering different experimental conditions such as the polymeric solution 

concentration, rotational velocities and humidity in the centrifugation spinning process. In this 

work, a systematic study of the production yield of pullulan-based fibers, considering the 

aforementioned experimental variables, was developed. In addition, the polymeric solutions used 

were rheologically analyzed to determine the relationship between the fiber production 

performance at different rotational velocities (rpm) and their rheological properties. Some systems 

achieved production yields close to 90%. Scanning electron microscopy (SEM) and 

thermogravimetric analyses (TGA) were performed to determine the effects produced in the fibers 

obtained at different rpm. 
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Abstract (in 11 Pt Arial Font) 
In recent years, triboelectric nanogenerator (TENG) has been received great attention to fabricate 
flexible and stretchable energy harvester that can convert mechanical energy to electrical energy. 
This paper studied poly(vinylidene fluoride) (PVDF) and thermoplastic polyurethane (TPU) 
nanofiber membranes based flexible TENG. Both PVDF and TPU nanofiber (NF) triboelectric 
functional layers were synthesized by Forcespinning (FS) technique. To improve the performance 
of the TENG, the TPU NFs were decorated with multiwalled carbon nanotubes (MWCNT) that are 
functionalized with fluorine, amide, and carboxylic groups with variable time (6, 12 and 24 hours) 
of exposure and concentration. The TPU nanofibers demonstrated a stronger interaction with the 
carboxylic functionalized multiwall carbon nanotube (c-MWCNT) as depicted by its electrical 
performance when compared to the non-modified fibers. The maximum open circuit voltage (Voc) 
recorded at a 4 Hz hand tapping frequency for modified TNEG was ~252 V, which 152% higher 
than basic TPU/PVDF TENG. Furthermore, the c-MWCNT functionalized TPU/PVDF TENGs 
were evaluated with varied compressive force applied by a pneumatic cylinder and the maximum 
alternating voltage and current outputs were obtained of 158 V and 170 µA at 30 psi pressure. To 
demonstrate the potential of harvesting human motion into charging small electronic device, the 
modified TENG showed that it can charge 3.03 V connected with 1 µF capacitor by hand tapping 
motion at 4 Hz load frequency for only 25 seconds, suggesting the prospect of our as fabricated 
TENG has the capability as self-charging flexible energy harvester.  
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Abstract  
 
Aerogels are solid, lightweight, and highly porous materials. Their solid porous 3D network 
structure, high specific surface area, low density, and unique chemical, thermal and optical 
properties make them suitable candidates for a variety of applications in the fields of catalysis, 
energy storage, and sensors. Herein this work, the development of macroscopic aerogels from 
1D systems, such as nanofibers, has resulted in a novel pathway to obtain porous and lightweight 
architectures. Bright green, red, and tunable color emitting aerogels were obtained with 
luminescent nanofibers as the precursor system. A simple, low cost, and environmentally friendly 
process is followed where luminescent fillers are encapsulated within fibers which were 
subsequently freeze-dried to form 3D aerogels and sponge-like structures. Moreover, the 
aerogels/sponge-like structures show higher photoluminescence intensity than the fiber mats due 
to an increase of porosity which provides higher and direct interaction with the fillers and therefore 
an efficient light absorption resulting in higher luminescence. Manganese doped zinc germanate 
(Mn: Zn2GeO4) nanorods and chromium doped zinc gallate (Cr: ZnGa2O4) nanoparticles were 
used as the source of green and red emissions respectively. By precisely adjusting the 
stoichiometric ratios of nanorods and nanoparticles within the nanofibers, a broad spectrum 
output is obtained from the final aerogels. We foresee that these types of photoluminescent 
aerogels have promising potential applications in a variety of fields such as display devices, solid-
state lighting, sensors, etc. 
 
Biography of Presenter  
Alexa Villarreal is a mechanical engineering, with a concentration in material science, graduate 
student engaged in research under the supervision of Dr. Karen Lozano at the University of Texas 
Rio Grande Valley. Her research focuses on the synthesis and study of polymer based nano fiber 
materials for a variety of applications such as biomedical, filtration, sensors, and more. 
Experienced in organizing and presenting multiple research posters 
at National and International research conferences. As well as 
actively participated in collaborations with other Universities to 
increase productivity, research findings, and networking. Co-author 
and co-first author, of multiple published articles that have helped 
further personal knowledge, training and understanding of the 
research experience and expectations.  
 



 
2023 Texas PREM Conference 

 
Electrostatic Potential of hBN Moiré Superlattices 

Dong Seob Kim1,2, Rigo Mayorga-Luna3, Dingyi Ye4, Tixuan Tan5, Yue Ni1,2, Zhida Liu1,2, Roy C. 
Dominguez3, Mitchell Ford3, Frank Y. Gao1,2, Saba Arash1,2, Kenji Watanabe6, Takashi Taniguchi7, 

Suenne Kim8, Chih-Kang Shih1,2, Keji Lai1,2, Wang Yao5, Li Yang4, Xiaoqin Li1,2∗, and Yoichi Miyahara3,9 
1Department of Physics and Center for Complex Quantum Systems, The University of Texas at Austin, 

Austin, Texas, 78712, USA. 
2Center for Dynamics and Control of Materials and Texas Materials Institute, The University of Texas at 

Austin, Austin, Texas, 78712, USA. 
3Department of Physics, Texas State University, San Marcos, Texas, 78666, USA. 

4Department of Physics, Washington University in St Louis, St. Louis, MO, 63136, USA. 
5Department of Physics, and HKU-UCAS Joint Institute of Theoretical and Computational Physics, The 

University of Hong Kong, Hong Kong, China. 
6Research Center for Functional Materials, National Institute for Materials Science, 1-1 Namiki, Tsukuba 

305-0044, Japan. 
7International Center for Materials Nanoarchitectonics, National Institute for Materials Science, 1-1 

Namiki, Tsukuba 305-0044, Japan. 
8Department of Photonics and Nanoelectronics, Hanyang University, Ansan, South Korea. 

9Materials Science, Engineering and Commercialization Program (MSEC), Texas State University, San 
Marcos, Texas, 78666, USA. 

 
Abstract 
Twisted hexagonal boron nitride (hBN) layers have been demonstrated to exhibit ferroelectric 
domains due to charge redistribution at the interface.  Here, we investigate the electrostatic 
potential at the top surface of twisted hBN bilayers, prepared by folding exfoliated thin flakes. 
Using Kelvin Probe Force Microscopy measurements, we show that this potential can be 
engineered by tuning the twist angle and adjusting the thickness of the top hBN layer. 
Furthermore, we study double moiré superlattices with different twist angles at each interface. 
These findings can be further extended to twisted multilayers to significantly expand the versatility 
of hBN and moiré superlattices in engineering material properties. 
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Abstract  
Since the discovery of graphene, Van der Waals (vdW) materials have become one of the central 
in condensed matter physics. These layered materials are strongly bounded within two-
dimensional plane but weakly bound to adjacent layers by van der Waal forces. Therefore, it is 
possible to achieve few layers or even monolayer by exfoliation from bulk forms. This makes it 
feasible to create various van der Waal heterostructures which provide a wide platform to exploit 
the novel properties of these materials. Transition metal dichalcogenides (TMDs) are 
semiconductor vdW materials that exhibit strong light-matter interaction, large excitonic oscillator 
strength and binding energies, and unique spin-valley locking by optical selection rules. This 
proposed dissertation will use two-dimensional coherent spectroscopy (2DCS) as the tool to 
explore the quantum coherent dynamics of exciton and other excitonic charge complexes in TMDs 
monolayer and bilayer in order to advance the understanding of the underlying physics in 
optoelectronic properties of these materials which is necessary for the future study in Van der 
Waals heterostructures.   
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Abstract  
The incorporation of the physically small boron atoms into conventional III-V alloys provides a 
method for strain engineering of near-infrared, direct-bandgap alloys that can be lattice-matched 
to silicon and other substrates. The advantage of incorporating boron, compared with more highly 
mismatched alloys (HMAs), is a larger predicted solid solubility, suggesting that less degradation 
of material properties can be expected with the incorporation of boron. However, B-III-V remains 
underexplored in both theory and experiment. While HMAs often suffer from poor optical 
properties as-grown, thermal treatment can often successfully recover the optical properties 
though it is typically accompanied by an undesirable blueshift in emission/absorption wavelength. 
This blueshift and improvement in photoluminescence (PL) have been observed with thermal 
annealing of molecular beam epitaxy (MBE) grown BGaInAs films; however, no blueshift is 
observed from BGaAs films. We investigated the effects of atomic rearrangement on the 
electronic and optical properties of B-III-V alloys to understand this dichotomy using density 
functional theory (DFT) with hybrid functionals performed on the Texas State LEAP Cluster. We 
found an increase in bandgap with increasing numbers of B-In bonds, along with more favorable 
system energy, suggesting that In atoms tend to be in the first nearest neighbor position of B 
under thermally-stable conditions. In contrast, the calculated bandgap differences, and energetic 
driving force due to B-B rearrangements were much smaller, suggesting BGaAs alloys are not 
likely to show a strong blueshift upon annealing. We found that the short-range effect from 
localized B limited the bandgap change with B-B rearrangement while local strain compensation 
between B and In brought a larger effect on the bandgap. Additionally, we found the intrinsic 
matrix element strength of BGaInAs increased with increased B-In bonds, contributing to a portion 
of the improvement in optical quality. Since improvements in PL intensity were observed from 
both BGaAs and BGaInAs films, we suspect the removal of the defects plays a significant role. 
Studies of the mechanism of B-In rearrangement and In concentration on the magnitude of 
blueshift in BGaInAs are in progress. 
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Abstract  
Linker-mediated colloidal gel assembly of nanocrystals can be controlled by the dynamic covalent 
reactions of ligands and linkers. Specific examples of dynamic covalent reaction pairs, known as 
tunable orthogonal reversible covalent (TORC) pairs, are thermodynamically stable, yet kinetically 
labile, and uniquely exhibit no cross-reactivity in the presence of other functional groups. In this 
work TORC functionalities are incorporated within sequence-controlled peptide strands, utilizing 
solid state peptide synthesis (SSPS) and copper catalyzed click chemistries, thus creating ligands 
that will bind to the surface of nanocrystals. Linkers are organic molecules containing the 
corresponding TORC functionality, which bind to the ligands and create networks of nanocrystals. 
The TORC-peptide components have been individually designed to promote solubility, favorable 
cross-linking, and attachment to nanocrystals or surfaces; ultimately delivering control over the 
molecular assembly and tunability of the resulting material. 
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Abstract  
This project focuses on the utilization of a previously explored hydrogel crosslinking system in 
collaboration with the Betancourt lab at Texas State University. The hydrogel system in 
questions utilizes a reversibly-covalently crosslinked hydrogel with a reversible conjugate 
acceptor mechanism. Previous research has demonstrated these hydrogels to be viscoelastic, 
and the equilibrium for this reaction is sensitive to changes in temperature. The other 
components of this system are poly(ethylene dioxythiophene) (PEDOT) nanoparticles, which 
release heat when exposed to near-IR light. By combining these two systems, we demonstrate 
that light can be used as an effective means to control the temperature, and thus the 
equilibrium, of the crosslinking reaction within the hydrogel. The changes to the crosslinking 
reaction lead to changes in the hydrogel architecture and material properties. These changes 
are characterized through UV/VIS spectroscopy and small angle oscillatory rheology. 
Furthermore, these hydrogels exhibit self-healing properties, and the release of an 
encapsulated protein can be controlled through the pulsatile exposure of the hydrogel to near-IR 
light. This hydrogel system demonstrates a promising framework for further research into its use 
as an injectable, controlled therapeutic delivery system.  
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Abstract 
Single-ion conducting polymer electrolytes (SICPEs) offer high lithium transference numbers and 
desirable physical properties while maintaining moderate conductivities. Bottlebrush and comb-
branched copolymer electrolytes are a particular architecture that offer modularity and increased 
ion solvation. Despite this promise, the ion transport in these systems is poorly understood. In 
this report, we investigated lithium-ion transport in comb-branched SICPEs using a combination 
of experiments and atomistic simulations. A series of solvent-free SICPEs were synthesized by 
copolymerization of poly(ethylene glycol) methyl ether acrylate (PEGMEA) with varying lithiated 
anionic groups in different ratios of the ionic species to the PEG side chain. Poly(Lithium 3-
[(trifluoromethane) sulfonamidosulfonyl]propyl methacrylate-co-poly(ethylene glycol methyl ether 
acrylate)) (p(MPTFSI-co-PEGMEA) exhibited both highest ionic con- ductivity (on the order of 
10í5 S/cm at room temperature) and degree of decoupling of ionic conductivity from polymer 
segmental dynamics. Simulations revealed that in electrolytes with low ion concentrations, Li+ 
transport occurs through the vehicular co-diffusion of lithium ions and the polyanions. In contrast, 
for higher anion compositions, the primary mechanism of Li+ transport is through Li+ ion hopping 
among the percolated ionic aggregates. Finally, we demonstrate that the behavior of ion hopping 
is influenced in a nonintuitive manner by the anion site morphology based on SIPCE anion 
identity.  
 

Biography of presenter 
Zach Brotherton is a second year graduate student in the McKetta 
Department of Chemical Engineering. He received his B.S. in 
chemical engineering from North Carolina State University in 2019. 
As an undergraduate, Zach studied the deposition morphology of 
stimuli-responsive microgels. Zach joined the Lynd polymer research 
group shortly after starting study at the University of Texas at Austin. 
He is studying polymer synthesis for incorporation in advanced 
composite electrolyte materials. Zach is also interested in the long-
term storage of cells and tissues through cryopreservation. In his free 
time, Zach is an avid sports fan and enjoys cooking Texas-style 
barbecue. 



 
2023 Texas PREM Conference 

 
Wafer-Scale Si-Based Metal-Insulator-Semiconductor Photoanodes for Water 

Oxidation Fabricated Using Thin Film Reactions and Electrodeposition  
Shang-Hsuan Wu1, Soonil Li1, and Edward T. Yu1*  

1Department of Electrical and Computer Engineering, The University of Texas at Austin  
  

Abstract  
Photoelectrochemical (PEC) water splitting is a promising technology for converting solar energy 
into clean and storable chemical energy. In PEC cells, semiconductors play a key role in absorbing 
photons from the light source to create mobile charge carriers. Various semiconductor materials 
have been studied for high-performance PEC cells, including metal oxide, nitrides, Si, III–V 
compound semiconductor materials. Among these, Si-based photoelectrodes have drawn much 
attention due to its moderate bandgap, high charge mobility, long carrier diffusion length, cost 
effectiveness, and scalability in manufacturing. To improve the stability of Si-based PEC cells in 
operation, metal-insulator-semiconductor (MIS) structures have been widely employed. In this 
work, we employ a simple and highly scalable method to fabricate high-performance, extremely 
stable Si-based MIS photoanodes and demonstrate its application to the fabrication of wafer-scale 
photoanodes. Localized conduction paths formed via an Al/SiO2 thin-film reaction enable low-
resistance charge extraction even through thick insulating layers, and this approach has been 
shown in our previous work to yield photoanodes with excellent stability. In addition, we 
demonstrate a two-step Ni/NiFe electrodeposition process to create efficient OER catalysts. The 
Ni/NiFe catalyst allows for a high Schottky barrier between Si and Ni, lowering the photoanode 
onset potential, while the NiFe surface layer improves catalytic performance. A wafer-scale 
photoanode is combined with the commercially available poly-Si solar cell array to produce a zero-
bias water splitting system under AM 1.5G sunlight simulator or outdoor illumination.  
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Abstract  
Strain engineering is a powerful tool that strongly influences electronic structure and exciton 
states in 2D transition metal dichalcogenides (TMDs). Among TMDs, WSe2 has gained attention 
as a host for quantum emitters due to its intrinsic ground exciton state–a lowest-lying dark exciton 
state that hybridizes with defect levels upon strain, giving rise to bright single photon emitters. In 
particular, the application of uniform biaxial tensile strain to monolayer WSe2 causes a downshift 
of the conduction band minima at K and K’ valleys which then hybridize with states within the 
band gap that originate from point defects in WSe2 such as Se vacancies. This hybridized state 
allows optical transitions of long-lived dark excitons which are otherwise forbidden for unstrained 
WSe2 due to spin and momentum conservation. The high oscillator strength, increased charge 
and spin lifetime, and long diffusion length of dark excitons allow them to store and transport 
quantum and classical information which could be beneficial for quantum information processing, 
sensing, and secure communications. Therefore, the ability to manipulate the emission of dark 
exciton states is crucial for the design of future quantum emitters based on strained monolayer 
WSe2.   

Recent advances in spatially localized quantum emitters based on strained WSe2 utilize 
strain fields created via transfer of monolayer WSe2 to prefabricated dielectric nanopillars, metal 
nanoparticles, etched trenches or holes, or through precise nanoindentation techniques using 
atomic force microscopy. However, the above-mentioned methods provide low quantum emitter 
yield due to monolayer piercing, random and uncontrollable quantum emission, limited substrate 
effects, and restrictions in operating conditions. To realize high purity and tunable quantum 
emitters, it is necessary to have controllably strained WSe2 devices operating at cryogenic 
temperatures. In this study, we demonstrate control of dark exciton dynamics of suspended WSe2 
monolayers via electrostatic deflection at cryogenic temperatures. Our technique implements 
strain fields which are generated by applying a bias voltage between a suspended WSe2 
monolayer and an electrode in a back gate geometry. Since the monolayer WSe2 is grounded and 
the back gate is positively biased, an electrostatic force is induced between the two surfaces, 
which in turn results in the deflection of the suspended WSe2 monolayer membrane. Experimental 
results revealed a significant monolayer deflection of ~50 nm at 15V gate bias at 300K, 
corresponding to ~0.23% biaxial tensile strain. Moreover, photoluminescence measurements at 
7K showed a ~20 meV shift of dark exciton emission peak from 1.67 eV (0V) to 1.65 eV at (30V), 
corresponding to approximately 0.2% biaxial tensile strain assuming a redshift of all exciton peaks 
at a rate of 95meV/%. This strain value is lower than our theoretical result (0.6% strain at 30V) 
which could be attributed to the change in mechanical constants and built-in strain at lower 
temperatures. This dark exciton emission shift is an essential step towards the development of 
controllable WSe2-based quantum emitters that can be integrated into various optoelectronic 
systems.   
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Abstract  
Transition metal chalcogenide (TMD) monolayers and twisted bilayers have been extensively 
investigated with most studies focusing on unique exciton resonances and correlated insulator 
states. Many effects observed in twisted bilayers are also present in natural bilayers, which is a 
much simpler system less susceptible to inhomogeneity introduced by a variety of factors. 
However, existing researches on natural bilayer are mainly focused on stark effect while the trions 
and excitons hybridization remains undiscovered. Here, we study a dual-gated MoSe2 natural 
bilayer using optical reflectivity measurement and discover the distinct properties of trions (bound 
electron-hole pairs). Since natural bilayer has an indirect band gap, that the vallance band (VB) 
of ī point is higher than K point without or under little electric(E) field, thus extra holes will occupy 
ī point  first and bond together with the exciton in K valley. However, K valley can be tuned up 
higher than ī point by E field.  With a hole doping level inside the intrinsic region, that when only 
a few holes are doped into the system, by tuning the E field, the VB of K will be shifted higher 
WKDQ� ī�� OHDGLQJ� WR� D� WUDQVIRUPDWLRQ� IURP� ī� – K valley momentum indirect trions to K valley 
momentum direct trions. Since the direct trions are harder to form, the resonance under high E 
field is weaker than that of low E field. After overcoming the Schottky barrier, injected extra holes 
enhanced trion resonances in both cases. Our result shows that E field over a critical point opens 
a new channel of momentum direct trions other than momentum indirect trions, along with a larger 
formation difficulty revealed by the position and strength of the resonances. The trion signal shows 
strong layer hybridization, which is tunable by electric field due to band alignment tuning. 
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Abstract 

The interplay of charge, spin, and lattice degrees of freedom in correlated materials often 
leads to complex and fascinating properties. Recent developments have brought new 
perspectives to collective excitations, e.g. the topological nature of bosons. For example, inelastic 
neutron scattering experiments revealed non-trivial band topology for both magnons and spin-
orbit excitons in CoTiO3. Here, we report intriguing phonon properties resulting from a 
combination of strong spin-orbit coupling, large crystal field splitting, and trigonal distortion in this 
quantum magnet. Specifically, the interaction between spin-orbit excitons and phonons endows 
chirality to two Eg phonon modes observed in the magneto-Raman spectra with large phonon 
magnetic moments. The remarkably strong magneto-phononic effect originates from the 
hybridization of spin orbit excitons and phonons due to their close proximity in energy. While chiral 
phonons have been associated with electronic topology in some materials, our work suggests 
new opportunities may arise by exploring chiral phonons coupled to topological bosons. 
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