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Symmetry and group theory are powerful tools in 
the field of physics and materials science. Point 
groups and space groups help in the prediction of 
material properties. Extending the concept of 
spatial groups to include time could provide new 
insight into physical systems that have both spatial 
and temporal periodicity. Our project aimed to 
derive and find applications for these space-time 
groups. 

 

My contribution was deriving and generalizing the 
space-time groups for both the crystallographic and 
magnetic point and space groups. I also developed 
a way to visually represent these groups. I wrote a 
code in the to create these projections and derive 
some of the groups. Additionally, I contributed to 
the identification of applications that may benefit 
from a theoretical analysis using time translational 
symmetry. 

Crystallographic Groups in Space and Time - Listing and 

Applications 
Maggie Kingsland1, Haricharan Padmanabhan2, Jason Munro2, Dr. Daniel B. Litvin3, Dr. Venkatraman 

Gopalan2,  
1Department of Physics, University of South Florida, 2Department of Materials Science and Engineering, The 

Pennsylvania State University, 3Department of Physics, The Pennsylvania State University Berks 

This research project helped me to gain research 
experience in an academic setting and into the life 
of a graduate student. I discovered my passion for 
research and affirmed my desire for continuing my 
education in the pursuit of a Ph.D. in physics. 



Synthesis and Characterization of Noncentrosymmetric 

H2SrTa2O7 and H2SrNb2O7 
Sarah M. Featherstone, Chemical Engineering, Kansas State University 

Dr. Arnab Sen Gupta1, Ritesh Uppuluri2, Dr. Venkatraman Gopalan1,  
1Department of Material Science and Engineering, Pennsylvania State University, 2Department of 

Chemistry, Pennsylvania State University 

Today piezoelectric materials are found in many 

devices acting as either a sensor or actuator. 

Researchers hope to extend these applications to 

include energy harvesting providing an additional 

source of renewable energy. However, PZT, the 

material commonly used in these applications, 

contains lead, which leads to concerns about the 

health and environmental hazards of the applications 

of piezoelectric materials. This is the motivation behind 

the research of new piezoelectric materials. 

My project was to look at H2SrTa2O7 and H2SrNb2O7 

to determine whether they exhibited the 
piezoelectric properties predicted as a result of the oxygen octahedral rotations within their 

layered perovskite structure. Specifically I worked on the solid state synthesis of alkali 

precursors, used x-ray diffraction to determine the identity and purity of reaction products, and 

tested a sample of H2SrTa2O7 for second harmonic generation.  

This summer was an excellent opportunity for me to experience graduate research in the 

physical sciences. I learned not only how to use new equipment and new procedures, but also 

saw glimpses of the significant amount of time, effort, and resources behind the scientific 

advances we so often take for granted.  
 



Micro-structured Optical Fibers (MOFs) for 

Organic Semiconductor Laser Resonators 
Natalia Cartagena González, Department of Chemistry, University of Puerto Rico at Cayey 

Michael G. Coco Jr. and, John V. Badding, Department of Chemistry, Penn State University 

We studied the deposition of MEH-PPV using xylenes and toluene as the 

solvent into micro-structured optical fibers (MOFs). MEH-PPV (poly [2-

methoxy-5- (2ethylhexyloxy) -1,4-phenylenevinylene]) was studied in this 

research because it is a model organic semiconductor polymer and has a 

high quantum yield for photoluminescence, making it an ideal candidate as 

the gain medium in an organic semiconductor laser.  These solutions were 

used to introduce the polymer into optical fiber templates of 10 and 50 

microns in diameter and into a “wagon wheel” microstructured optical fiber 

via capillary action. The deposited films were observed under optical 

microscopy and SEM. We found that xylenes with a MEH-PPV 

concentration of 0.992 mg/ml deposited the best films which were around 

250 nanometers thick. Photoluminescence spectra of the films were also 

taken to study their optical properties. We found that the film inside the 

“wagon wheel”  MOF have a greatly enhanced emission spectra versus a 

single capillary.  These findings are useful in the future development of high 

MOF laser based on MEH-PPV and future integration of fiber lasers based 

on organic semiconductors into other conventional fiber devices. 

  

 

 

I researched how to deposit an organic semiconductor polymer into the micro-capillaries of a MOF. This 

included determining a suitable solvent to dissolve the polymer in and what concentration was needed to 

produce a smooth, uniform film. This summer experience as a researcher was a great learning resource for 

me. My goal for this summer was to, even when the research did not turn out the way I expected it, learn 

what it means to be a researcher and to persevere through challenges. 

 



Magneto-Optical Study of Magnetic Domain Wall 

Motion in Mesoscopic-Sized Features 
Sara Abedi1, Susan Kempinger2, Dr. Nitin Samarth2 

1Department of Physics and Astronomy, Barnard College; 2Department of Physics, Pennsylvania 

State University 

 The goal of my project was to explore the influence of 

boundaries on magnetic domain wall motion in mesoscopic 

ferromagnetic islands with feature sizes from 1 μm to 10 μm. 

We used polar magneto-optical Kerr effect (MOKE) 

microscopy to study the nucleation and propagation of 

magnetic domains within mesoscopically patterned Pt/Co 

multilayer structures. I focused on software development,  

helping design LabVIEW programs to analyze MOKE 

images of domain wall motion. By characterizing the domain 

wall motion over a range of applied fields in the thermally 

activated regime, I found that in the range of feature sizes 

studied, boundaries do not affect the domain wall motion. I 

also showed that apparent boundary effects can arise, but 

these are artifacts that depend on the analysis technique.  

 Having been immersed in a supportive and stimulating lab 

environment this summer, I have gained confidence as a 

researcher. I will continue my efforts in hopes of attending 

graduate school and pursuing a Ph.D. in experimental 

physics. 

  



  



Atomic Layer Deposition of Aluminum Oxide on a 

Methoxylated Silicon Surface 
Thomas G. Farinha, Nicholas C. Strandwitz,  Department of Materials Science and Engineering, Lehigh university 

Yuanxia Zheng, Roman Engel-Herbert, Department of Materials Science and Engineering, Penn State University 

The purpose of this project was to study how 

methoxylation of silicon (111) affects the 

growth of aluminum oxide (Al2O3) during 

atomic layer deposition (ALD). Materials 

fabricated through ALD are vital as 

dielectrics for nanoscale electronic 

components. This project’s data is 

important because the methoxylation of 

Si(111) could potentially allow for better 

growth of Al2O3 and could prevent uneven 

deposition to retain the material’s 

functionality as a dielectric. 
We facilitated Al2O3 ALD on methoxylated Si(111) and measured its growth via 

spectroscopic ellipsometry in situ. Using hydrogen-terminated Si(111) as a 

control, we found that methoxylation actually reduces Al2O3 growth at low 

temperature (110°C) and has no effect at high temperature (190°C and 

270°C). This research experience has taught me the value of time 

management, safety and cooperative thinking in a laboratory setting. 

 



Mapping Out the Dipolar Interactions Between 

NV and P1 Centers in Diamond 
Brian Carvajal, Department of Physics, The Pennsylvania State University 

Erick Kamp, Patrick Godwin , Dr. Nitin Samarth, Department of Physics, The Pennsylvania State 

University 

This summer, I focused on understanding the 

interaction between paramagnetic impurities within 

diamonds, specifically the nitrogen-vacancy (NV) 

centes and the substitutional nitrogen atom (P1 

center). By studying the NV-P1 interactions, we 

hope to create high sensitivity magnetometers with 

nanoscale resolution. We studied the NV-P1 

interaction strength as a function of both microwave 

power and laser intensity.  

I studied the Optically Detected Magnetic Resonance 

(ODMR) signal of the NV center, specifically the 

sidebands that correspond to hyperfine interactions 

with the P1 center. When  

increasing the microwave power, the NV-P1 center sideband contrast increased in magnitude due to 

an increase in interaction strength. When increasing laser intensity, which relates to the optical 

pumping rate of the NV center, the NV-P1 center sideband contrast decreased in magnitude. We 

hypothesize that the laser trend can attributed to a transfer of polarization between centers. This 

research experience was very helpful as it was my first insight into one subfield of physics, namely 

condensed matter physics. I am also interested in learning about other subfields of physics and will 

now be shifting my focus to astrophysics.  

 



Poling Study of Lead Zirconate Titanate 
Michelle Lieu, Department of Physics, Siena College 

Wanlin Zhu, Susan Trolier-McKinstry, Materials Research Institute, Penn State University 

      The project studied the electric properties of lead 

zirconate titanate (PZT) films to investigate the poling 

behavior; the results are important for the use of thin films as 

actuators in microelectromechanical systems. Ferroelectric 

and piezoelectric measurements of the film were taken 

before and after application of a dc electric field (poling). 

Results showed PZT samples with lower lead content exhibit 

better piezoelectric response. Acceptor doping (manganese) 

gave lower piezoelectric response but produced more 

imprint of the polarization after poling than donor doping 

(niobium).  

     As a researcher, I hope to not only be a good contributor 

to the sciences but also build a better understanding of the 

field. Performing experiments individually will improve my 

independence as a researcher. At the same time, being able 

to contribute to a group builds better work/research ethics. 

The project also gives me an opportunity to build good 

mentor/advisor relationships. I will leave the program with 

new skills and an understanding of materials science that I 
would not have been able to get from my home institution. 



Characterization of WSe2 
Abdoulaye Diallo, College of Engineering, The Pennsylvania State University 

Nicholas Simonson, Dr. Joshua A. Robinson, Department of Materials Science and Engineering, 

The Pennsylvania State University 

 Tungsten diselenide (WSe2) is a two-
dimensional inorganic compound with potential 
for use in advanced solar cells, LEDs, and flexible 
electronics. The goal of our project was to do 
synthesis of WSe2 through the process of metal-
organic chemical vapor deposition (MOCVD). In 
addition to this, we also conducted multiple 
characterization techniques on the WSe2 which 
consisted of field emission scanning electron 
microscopy (FESEM), Raman spectroscopy, and 
atomic force microscopy (AFM). 
  This summer has gone a long way in 
helping me develop my career as a researcher. 
I’ve learned many great techniques that I can 
use in future research endeavors and now I have 
more of a sense of the kind of research that I 
enjoy doing. 



Role of Hexadecylamine in the Shape-Controlled 
Synthesis of Copper Nanocubes 

Bria L. Andrews, Department of Physics, Hampton University 

Tonnam Balankura, Dr. Kristen Fichthorn, Department of Chemical Engineering, Penn State 

University 

 Copper(Cu) nanostructures can potentially be used 
as materials for improved and inexpensive conductors in 
computer chips, high precision spectroscopy and imaging, 
catalysis, etc. The SDA examined was Hexadecylamine or  
HDA. HDA can act as a capping agent and has been used to 
manipulate surface energies and growth rates of different 
facets. It has also been thought to influence the surface 
energies or growth rates of facets by forming a  
self-assembled monolayer on the surface of nanostructures. 
This ultimately changes the shape and affects the properties 
of the nanocrystals, which alters the function and efficiency 
 of the application [2].  
 This project helped improve my computer 
programming skills, specifically with LAMMPS and Python 
programming. It also exposed me to new ideas and different 
concepts like molecular dynamics, nanotechnology, sampling 
and simulation techniques, and nanosynthesis. For the future, 
I will be an asset to another research team, and have more 
versatility as a scientist.  



Toward hybrid optomechanical  

resonator with single-layer MoS2  
Jonathan Stensberg, Departments of Physics and Engineering Physics, University of Wisconsin-Madison 

Hongchao Xie, Dr Kin Fai Mak, Department of Physics, Pennsylvania State University 

 From kilometer scale interferometers to 
microscopic whispering gallery toroids, 
optomechanical systems are at the forefront of 
ultra high sensitivity measurement science and 
technology.  We look to utilize the sharp excitonic 
transitions of suspended single-layer MoS2 as a 
selfsame optical cavity in a photon-exciton-
vibration coupled microresonator.  Such a novel 
device structure would simplify and grant greater 
flexibility to the design of microresonators, which 
have proven useful in superconducting circuit 
regulation and have shown potential in serving as 
long-lived stores of quantum information. 

The tightly-integrated Mak and Shan Groups at Penn State 

I developed the technique used to suspend single-layer samples of MoS2 from elevated electrodes.  With a 
span-to-thickness ratio in excess of 8500, we effectively fabricated bridges more than 50 times longer than 
the Golden Gate.  This technique will now be used to fabricate devices for measurements of resonance and 
control of the photon-exciton-vibration coupling.  This project has greatly fortified my interests in the 
unparalleled and often unheralded possibilities afforded by merging distinct fields of physics—in this case, 
optomechanics and two-dimensional materials.  I look forward to applying the lessons learned during this 
superficially simple but deeply challenging project to my research in graduate school and the decades 
ahead.  



A Low Cost, Rotatable Magnetic Field for an STM
 

Samantha M. McGuigan1, Riju Banerjea2, Lavish Pabbi2 , and Prof. Eric Hudson2 
1Department of Physics, Shippensburg University of Pennsylvania;  2Department of Physics, Pennsylvania State 

University 

       Magnetic fields are used in condensed matter physics 
to both probe and control materials properties. Here, we 
report the development of a simple, inexpensive 
technique for creating a rotatable magnetic field for use 
with a scanning tunneling microscope (STM). The 
importance of this project was to show that are able to 
make something simple and affordable that would have 
the same effects as a much more advance and expensive 
piece of equipment. 
      My contribution to this project included building the 
STM used for the project, as well as designing and 
measuring a system that would allow us to have a 
magnetic field that we could manipulate. This project gave 
me an excellent insight into what it is like in the world of 
research as this was my first research experience. I have 
now gained more research experience going into my third 
year of my bachelor’s degree, and I would like to bring 
back the techniques and skills that I have learned here to 
my home institution. After this summer, I hope that I will 
be able to have more opportunities to conduct research. 
      
       



Determining the Apparent Dissociation Constant of Cu2+ to 

Sphingolipids 
Adriana N. Santiago Ruiz, Department of Chemistry, University of Puerto Rico in Cayey, Alexis J. Baxter, Dr. Paul 

Cremer, Department of Chemistry, The Pennsylvania State University 

 By utilizing supported lipid bilayers and fluorescence microscopy, 
the complexation between sphingolipid headgroups and copper ions can be 
explored. This is due to the fact that certain biological benchmarks regarding 
to the development and progression of specific neurological disorders have 
indicated an increase presence of ROS leading to lipid oxidation. Therefore, 
by probing the reaction between copper and the lipid headgroups, it can be 
possible to classify it  as an accelerator of lipid oxidation and as a additional 
factor in worsening a neurological condition.   

 My contribution to the ongoing investigation was the testing of 
different buffers and pH  to gain new and better raw data of the apparent 
dissociation constant ( KD,app) of Cu2+ to two signaling messenger lipid 

membranes, Sphingolipids.   

 Using the same methodology employed in the previous 
investigation: supported lipid bilayers: composed of microfluidic devices and 
unilamellar vesicles and  fluorescence microscopy, it is possible to detect  the 
quenching effect caused by the metal: lipid complex formation. This change 
in fluorescence intensity is later used to quantify the value of KD,app. The goal 
for this summer research is to gain more insight and be able validate the 
behavior of transitional metal ions and lipid membranes and to comprehend 
the dedication and effort that goes into doing research work.     



Eric Mulero Flores, Archi Dasgupta and Dr. Mauricio Terrones 
Department of Physics, University of Puerto Rico;  Department of Chemistry, Penn State University; Center for 

Nanoscale Science, Penn State University 

Water decontamination will always be 
necessary and science continuously looks for better, 
more efficient methods. Carbon materials have 
shown promising adsorption qualities such as 
activated carbon and graphene materials. In this 
study, we measured the adsorption of nitrobenzene, 
a common pollutant found in explosives, onto 
graphitic nanoribbons (GNRs); long and narrow 
multilayered graphene strands. GNRs adsorbed up to 
29.4% of the total nitrobenzene in a 15.56 mM 
aqueous solution after 4 hours. Because GNRs are 
highly hydrophobic and lightweight, dispersion 
issues came about with the solution. We suspect this 
behavior to inhibit the adsorption property towards 
nitrobenzene. 

I synthesized graphitic nanoribbons via chemical vapor deposition. After extracting the GNRs, I characterized 
them under a Scanning Electron Microscope and later measured their surface charge at different pH values. Finally, I 
prepared different nitrobenzene solutions for UV absorbance measurements and took the measurements with a UV-
Vis apparatus. Having never participated in a research program before, I thoroughly enjoyed the experience as a whole. 
I learned how to work in a laboratory, managed different equipment and gained a perspective on science outside my 
physics major. If graduate school is anything similar to how this research experience panned out, I will look forward to 
it even more than before. 



Preparation of Rhenium-Doped 2D MoS2 
Louis Y. Kirkley, McKetta Department of Chemical Engineering, The University of Texas at Austin 

Hamed Simchi, Dr. Suzanne E. Mohney, Department of Materials Science and Engineering, 

The Pennsylvania State University 

 2D-MoS2 is most frequently found in the 
semiconducting 2H phase; however, we seek to reliably 
produce MoS2 in its metallic 1T phase by doping MoS2 with 
rhenium (Re), which is thought to induce a phase transition 
from its 2H phase. Being able to tune the phase and therefore 
the phase dependent optoelectronic properties of 2D-MoS2 
opens potential electronic, photovoltaic, and novel device 
applications. We synthesized MoS2 thin films with varying 
dopant concentrations and characterized them via Raman, 
photoluminescence, and X-ray photoelectron spectroscopy.  

 Specifically, I deposited Mo thin films with varying 
dopant concentrations that were the precursors that react 
with vaporized sulfur powder to produce Re-doped MoS2. I 
then characterized the synthesized MoS2 films via Raman and 
photoluminescence spectroscopy. I discussed with the 
postdoctoral scholar I worked with (Hamed Simchi) about 
future steps we could take on the project after the summer. I 
expect that working on my summer project will allow me to 
practice and be exposed to not only the experimental side of 
research but also an entirely different field from my 
computational research at my home institution; having 
experience in both computational and experimental research 
in different fields will give me a strong foundation in tackling 
future problems as a researcher. 

Using Raman Spectrometer to characterize 
rhenium-doped MoS2 thin films 



A Computational Study of Crystal Packing in Diamond 
Nanothreads Brian vermilyea, Department of Physics, McGill University 

Dr. Enshi Xu, Dr. Vincent Crespi, Department of Physics, Pennsylvania State University 

Carbon nanothreads are a new type of one-dimensional 
hydrocarbon chain recently fabricated at Penn State. 
However, it is not clear which of the many possible bonding 
configurations has been formed. In order to provide 
evidence to answer this question, and also to gain insight 
regarding the different crystal structures that could 
emerge, we needed to investigate how different types pack 
into crystals via computer simulation. I accomplished this 
by finding a potential to describe interatomic interactions 
and using it in a Monte Carlo energy minimization 
technique. This work can help facilitate future research into 
nanothreads, which are a promising new material with 
many intriguing properties. 

I am grateful to have had this opportunity and have learned 
a lot during the time I spent here. I have a much better 
understanding of what theoretical scientific research is like, 
and more specifically, what scientific fields I might be 
interested in pursuing in the future. I also have acquired 
new skills, especially those related to programming and 
computers, which are widely useful. 

Most importantly, though, I have learned the 
value of taking time to think things through 
carefully in research . There were several 
frustrating setbacks that could have been easily 
avoided by doing things right in the first place, 
and this is something I will certainly  keep in 
mind as I continue my education. 



 Synthesis and Application of Reduced Graphene Oxide Sponges 

 Deliris Nairy Ortiz Ortiza, Yu Leib, He Liuc and Mauricio Terronesb,c,d 
aDepartment of Physics Applied to Electronics, University of Puerto Rico at Humacao. bDepartment of Materials Science and 

Engineering, The Pennsylvania State University. cDepartment of Chemistry, The Pennsylvania State University  
dDepartment of Physics and Center for 2-Dimensional and Layered Materials, The Pennsylvania State University. 
 

 In order to obtain few-layered Reduced 

Graphene Oxide (rGO), we work with the Hummers 

method and the Hydrothermal reduction method. We 

report a novel technique to make the3D rGO sponges 

and offer some alternative applications. In addition, an 

explanation about the behavior and the structural 

difference between the Graphite, GO and rGO using 
SEM, XRD, RAMAN and TGA characterization.  
 

 

 The importance of this project resides in the 

fact that the rGO sponges have low density. Little pieces 

of the sponge can absorb large amounts of liquid and 

have strong mechanical strength. Also these sponges 

are made with cheap materials such as graphite, so we 

can obtain functional sponges based on low cost 

materials. The research this summer will has helped me 
learn about other scientific areas. I have been learning new 
technics and operating new equipment. I also had the 
opportunity to work with unknown materials, explore new 
areas in science and improve my knowledge. 



Mapping Out the Dipolar Interactions Between 

NV and P1 Centers in Diamond 
Brian Carvajal, Department of Physics, The Pennsylvania State University 

Erick Kamp, Patrick Godwin , Dr. Nitin Samarth, Department of Physics, The Pennsylvania State 

University 

This summer, I focused on understanding the 

interaction between paramagnetic impurities within 

diamonds, specifically the nitrogen-vacancy (NV) 

centes and the substitutional nitrogen atom (P1 

center). By studying the NV-P1 interactions, we 

hope to create high sensitivity magnetometers with 

nanoscale resolution. We studied the NV-P1 

interaction strength as a function of both microwave 

power and laser intensity.  

I studied the Optically Detected Magnetic Resonance 

(ODMR) signal of the NV center, specifically the 

sidebands that correspond to hyperfine interactions 

with the P1 center. When  

increasing the microwave power, the NV-P1 center sideband contrast increased in magnitude due to 

an increase in interaction strength. When increasing laser intensity, which relates to the optical 

pumping rate of the NV center, the NV-P1 center sideband contrast decreased in magnitude. We 

hypothesize that the laser trend can attributed to a transfer of polarization between centers. This 

research experience was very helpful as it was my first insight into one subfield of physics, namely 

condensed matter physics. I am also interested in learning about other subfields of physics and will 

now be shifting my focus to astrophysics.  

 



Surface functionalization of 2D-MoS2 using 
thiophenol 

Cesar Nieves1, Ya-Wen Chuang2, Minh An T. Nguyen3, Dr. Thomas E. Mallouk3 and Dr. Jun Zhu2 
1Department of Physics and Electronics, University of Puerto Rico at Humacao; 2Department of Physics, The 

Pennsylvania State University; 3Department of Chemistry, The Pennsylvania State University  
  

 This research was focused on the 

functionalization of MoS2 with thiolated molecules. 

Layers of high-quality MoS2 was obtained by 

mechanical exfoliation followed by heating in air to 

generate sulfur vacancies and the subsequent 

passivation of the vacancies with thiophenol. For 

this project, I used the Atomic Force Microscopy 

(AFM) and Raman Spectroscopy to analyze the 

morphology and atomic structure of the 

functionalized MoS2 and control samples. Raman 

modes of the phenol ring are found on 

functionalized MoS2.  

 

 This project is an initial step toward using 

chemical functionalization to modify the properties 

of MoS2 for future magnetic and electronic 

applications. This summer research helped me to 

improve my Lab skills and my interest into a Ph.D. 

program related to materials.  

H 
R=C6H5 or other groups 



Computational Insights into Block Copolymers 

for Organic Photovoltaics 
Sina G. Lewis1, Jason Munro2, Dr. Ismaila Dabo2 

1Department of Physics, The Ohio State University 

 2Department of Materials Science and Engineering, The Pennsylvania State University 

This summer I looked at three different types of block copolymers to 

further asses their viability for OPVs. Due to the low dielectric 

constant of organic materials, an electron-hole pair known as an 

exciton is formed upon absorption of photons instead of free charge 

carriers as in inorganic materials. The chance of this exciton 

recombining or forming free charge is highly dependent on the 

interface between the electron acceptor and electron donor 

materials. Using density-functional theory (DFT), a computational 

electronic structure method, I analyzed the spatial orientation and 

energies of the highest occupied and lowest unoccupied molecular 

orbitals of three block copolymers. The information that I’ve 

gathered will be used by a chemistry group that I collaborated with to 

inform their decisions when building OPV devices. 

 

 

Organic photovoltaics (OPVs) have shown a low of promise as a source of clean, renewable energy due to their low-

production cost, flexibility, and potential for large-scale manufacturing. However they also have a lower energy 

conversion efficiency compared to current conventional inorganic solar cell technology. 

 

I was really thankful for the opportunity this summer to be able  

to get a preview of what the life of researcher and graduate student is like and to confirm my desires to continue 

towards research in the future. I’ve also learned a lot about how to communicate science with other researchers, in 

and out of my field, as well as the general public. 



Probing Ferroelectricity Using the Optical 

Second Harmonic Generation 
Byron Lara, Department of Mechanical Engineering, California State University, Los Angeles, 

Yakun Yuan, Venkatraman Gopalan, Department of Material Science, Penn State University 

• In this project, we tested three different perovskite 
materials, Ba0.2Sr0.8TiO3, Ba0.27Sr0.73TiO3, PbMnxNb1-xO3 
and PZ/PT super lattice, for ferroelectricity using the 
Second Harmonic Generation. We shined a laser beam 
at a sample and collected the SHG signal collected by a 
photomultiplier tube. My job was to run experiments, 
which included temperature scans and polar plots. 
Ferroelectric materials are currently growing in the 
use of ferroelectric capacitors. In addition, random 
access memories that have a ferroelectric layer are 
nonvolatile.  

• I was able to find the possible Curie temperature of 
each sample. In addition to the Curie temperature, all 
other transitions were observed and are currently 
being evaluated. This project has taught me how to 
polish samples, work a high powered laser, set up a 
Second Harmonic Generation experiment, and use 
MatLab. Hopefully I will be able to continue this 
project or start a similar project at my University back 
home. 

 



  



Effects of Plasma Treatment on Pristine Graphene  
Aleaha Schenck, Department of Chemistry, North Carolina Central University 

Amber D. McCreary, Dr.  Ana Laura Elias, Prof. Mauricio Terrones, Department of Physics, Penn 

State University 

Graphene and semiconducting transition metal 
dichalcogenides (STMDs) are emerging two dimensional 
(2D) materials with outstanding physico-chemical 
properties, which make them promising for the fabrication 
of unprecedented optoelectronic devices. However, they 
can be sensitive to their chemical environment. In this work, 
we synthesized graphene, nitrogen doped graphene and 
STMDs by chemical vapor deposition routes, which were 
subsequently chemically modified 
 I performed synthesis of graphene on copper foil 
using toluene or pyridine as a carbon source. Plasma etching 
was carried out and the 2D layers were characterized before 
and after the treatment. In this study, a Renishaw 
spectrometer and a 514 nm wavelength laser were used to 
study the vibrational properties of graphene before and 
after different plasma etch times. 
  Through, plasma treatment, I have introduced defects into 
the graphene that could lead to chemical modification in order to 
carefully tune its physico-chemical properties. The ultimate goal of the 
chemical modification of these 2D layers is to carefully tune their 
electronic properties. 



NCCU-PREM students 

  



The Characterization and Assembly of VO2 Nanostructures 

 
Mirzrain Ramirez, Department of Mathematics and Physics, North Carolina Central  

Nicole Famularo, Xuefei Li, Dr. Christine Keating, Dr. Raymond Schaak, Department of 

Chemistry, Penn State University 

     In a collaboration with the Schaak and the 

Keating group this project was focused on the 

characterization and assembly of vanadium dioxide 

(VO2) nanostructures:  

     VO2 is researched for tuning electrical properties, 

optical properties and metal-insulator properties. The 

metal-insulator transition is captivating, for it occurs 

around room temperature. The transition 

temperature could be further reduced even closer to 

room temperature by doping with molybdenum (Mo), 

which is beneficial for several applications, such as 

thermochromic smart windows. 

     My contribution to the project was the 

characterization of nanoparticles that were 

synthesized by Xuefei Li. After characterization I 

assembled the nanoparticles by applying an 

oscillating electrical field. Working on this project has 

been extremely beneficial to me, as I go into my last 

year of undergraduate and start preparing for grad 

school. Not only has this project given me the 

opportunity to work alongside some of the best 

research teams, it also made me a much better 

researcher. Giving me new skills to take back home 

and play them to everyday life.  

 



Soluble and Responsive 

2D Nanosheets Enabled 

by Surface Grafted 

Smart Polymer Brushes 
Selina Arrington-Boyd with  

Dr. Darlene K. Taylor, Dr. Mauricio Terrones*, and Dr. Harry Allcock* 

Department of Chemistry, North Carolina Central University   

 *Department of Chemistry, Penn State University; Center for Nanoscale 

Science, Penn State University 

Graphene is a rising material that has useful strength and 

conductive properties, that seems useful for electronic 

applications. In order to make it more process able for the market 

stimuli responsive polymers will be grafted. By controlling the 

polymers the graphene can be manipulated. However, during the 

route to graft the polymer from graphene it is oxidized, reduced, 

and functionalized causing degradation. By introducing 

molybdenum disulfide into the complex the limitations of 

graphene will be compensated; while, the chemical and 

semiconducting properties will benefit the complex. 

As I have enjoyed my research with polymers I hope to continue 

my education by perusing a Ph.D. in Polymer Science. 



Characterization of TiO2@VO2 and Assembly using Fabricated Gold Interdigitated 

Electrodes  
Kleyser Agueda, Department of Physics, North Carolina Central University 

Xuefei Li, Nicole Famularo, Dr. Raymond Schaak, Dr. Christine Keating, Department of 

Chemistry, Penn State University 

The research has been focused on electric field assisted 
assembly to enable organization of TiO2@VO2 
nanowires, for potential applications in thermally 
activated electronics. The AC electric field produced 
across the gaps of the electrodes caused the nanowires 
to assemble in a chain formation along the electric field 
lines. The results of the assembly demonstrated the 
movement of TiO2@VO2 nanowires to areas of high field 
strength was caused by positive dielectrophoretic 
forces, controlled by different frequencies and voltages. 
Xuefei Li and I characterized TiO2@VO2 with different 
forms of microscopy. I fabricated interdigitated gold 
electrodes through the photolithography process. The 
electrodes were then used for AC field assembly of  
TiO2@VO2 nanowires suspended in deionized water.  
This project has been tremendously helpful to the 
development of my technical and communication skills 
in the laboratory. It has provided me with `exposure to 
graduate level research and has motivated me to pursue 
a Ph.D. in material and electronics.   

 



 
 

Synthesis and Characterization of Graphene Oxide Complexes 
Nicole L. Sciortino, Department of Chemistry, North Carolina Central University 

Minh An T. Nguyen, Thomas E. Mallouk, Department of Chemistry, Penn State University 

  
Our current research aims to replicate recent graphene experimental work using 
graphene oxide, which is easier to produce and handle than graphene itself. The 

approach involves reflux of a mixture of graphene oxide (GO) with Cr(CO)6 or 
W(CO)6 in a tetrahydrofuran/n-butyl ether mixture for 3 days. In a related 

experiment, GO with (n6-benzene)-Cr(CO)3 in tetrahydrofuran for 2 days. Results 
of these experiments will be characterized by infrared spectroscopy (IR), scanning 

electron microscopy (SEM), Raman spectroscopy and X-ray photoelectron 
spectroscopy (XPS). 

 



CSULA-PREM Students 

  



Analysis of Glucose Oxidase Reactivity  
via Enzymatic Micropumps 

Grenalynn Ilacas1, Lyanne Valdez2, Dr. Ayusman Sen2  
1Biochemistry, California State University of Los Angeles, 2Department of Chemistry, Penn State University 

Microfluidic devices have been widely studied for their ability to isolate and 
recreate biological mechanisms for in vitro studies. When free enzymes are 
immobilized onto a platform, the density driven flow created can be controlled by 
substrate concentration, creating a system independent of an external source of 
energy. This flow control can be implemented in further autonomous microfluidic 
devices as well as future use in drug and small molecule delivery. By using a Glucose 
Oxidase-glucose model, we are able to show that increased substrate concentration 
is correlated to increased pumping speeds. Introducing Horseradish Peroxidase and 
3,3’,5,5’-tetramethylbenzidine to the system, we created a novel method in 
observing hydrogen peroxide formation within the system. 
 
 

 
 
 
 
Peroxidase and 3,3’,5,5’-tetramethylbenzidine to observe 
hydrogen peroxide production in the GOx/glucose 
microparticle system.  
Throughout this summer research I was fortunate to further 
my knowledge on microfluidic devices as well as experiencing 
the involvement of interdisciplinary studies in another 
laboratory other than my home lab. I am excited to bring my 
experience back to my university and to continue 
collaborating with my newfound mentors here at PSU. 

I have fabricated micropumps  
by linking Glucose Oxidase to  
the pumps via biotinylation. I  
also introduced Horseradish  
 



Automatic Generation of Perovskite Domain Wall Structures 
Marcus Lucas, Dept. Electrical Engineering, California State University Los Angeles 

Dr. Long-Qing Chen & Yi Wang, Dept. Materials Science and Engineering, Penn State University 

Many compounds with a perovskite crystal structure exhibit 
magnetoelectric properties at or near room temperature. In 
particular, interesting physical characteristics manifest at the 
domain walls between regions of uniform polarization within 
thin-film perovskites. One productive method of determining a 
crystal’s structure and properties is computer simulation which 
can predict the electronic as well as mesoscale structural 
properties of most conceivable compounds. 
 
An issue with current “first-principles” software is that the user 
must initialize it with the position of each atom in a unit cell. 
Even though the software further optimizes these positions, it 
needs to start with a fairly accurate set of points. These 
positions are typically specified by hand, a process which can 
take up to two weeks for more complicated structures. 
 
I developed software to automate this process. The software 
uses the relative positions of atoms in the primitive cell of a 
known compound to generate a much larger supercell 
exhibiting mesoscale structural characteristics. Currently the 
software can only generate planar domain walls , however, 
with a little work, it will be capable of generating more exotic 
patterns such as vortical crystal structures. My software should 
shorten the investigative cycle for any researcher studying the 
properties of crystalline solids using computational methods. 



Growth of 𝑆𝑟𝑉𝑂3 Thin Films Through the Use of 

Hybrid Molecular Beam Epitaxy  
Eddy Arriaga, Department of Physics and Astronomy, California State University Los Angeles 

Matthew Brahlek, Lei Zhang, Jason Lapano, Margot Dormer, Roman Engel-Herbert 

Department of Material Science, Pennsylvania State University 

 

     𝑆𝑟𝑉𝑂3 a transition-metal oxide, was 

grown through a combination of molecular 

beam epitaxy (MBE) and metal-organic 

chemical vapor deposition (MOCVD), known 

as hybrid MBE. The novel properties of the 

perovskite crystal structure has led to the 

creation of transition metal oxides with the 

ability to switch between disparate electronic 

ground states.  

     Throughout the summer I participated in 

the growth of SrVO3 at varying growth 

windows, learned to work the entire MBE 

machine and mastered the growth process. 

This has been an invaluable learning 

experience, and has convinced me to 

continue research in the MBE field for 

graduate school.   

 



 

Discovery of New Catalyst for the Electrochemical Reduction of CO2 

Anthony Lopez de Santa Anna1, Chris Li2, Zhifei Yan2 and Thomas E. Mallouk2,3 
1Department of Chemistry, California State University, Los Angeles,2Department of Chemistry, The Pennsylvania 

State University3Center for Nanoscale Science, The Pennsylvania State University 

              This summer the project I worked on was the 
electrochemical reduction of CO2 through various catalysts. 
Carbon dioxide is a gas naturally present in our atmosphere 
which serves as an insulator. Human activities, particularly since 
the Industrial Revolution began around 1750, have contributed 
substantially to adding excess CO2 and other heat-trapping gases 
into the atmosphere, causing global climate change. The primary 
contributor of CO2 emissions, are the combustions of fossil fuels 
such as coal, oil, and natural gas used to generate electricity and 
provide transportation.  Our goal was to identify a catalyst and 
technique that reduces CO2 and produces a product that will be 
economically beneficial.  Our long term goal is for our technique 
to be commercially applied, lowering excess levels of CO2 
globally.  

 
           My contributions to the project was to perform a combinatorial 
screening method of various catalyst in order to identify which catalyst 
reacted with CO2  the best. I then tested those catalysts individually in a 
electrochemical cell through cyclic voltammetry and collected/ analyzed 
liquid and gas samples.  
            This summer research project has motivated me to apply to higher 
level graduate schools and has also changed my view on researcher careers. I 
anticipate to take this project with me and continue at my home school. 



Penn State “host” Undergraduate 
Researchers 

  



Active Vibration Cancellation in a Scanning 

Tunneling Microscope 
Conner Shoop, Lavish Pabbi, Riju Banerjea, and Professor Eric Hudson 

Department of Physics, Penn State 

 

 A scanning tunneling microscope(STM) takes 

advantage of a phenomenon called quantum tunneling 

in order to take detailed pictures of atomic lattices.  A 

distance between a tip and sample(Z) can be 

determined through a current produced by tunneling 

electrons.  Vibrations near and within a STM can have 

disastrous effects on the Z distance.  To remedy this, 

we designed an external system.  Using an 

accelerometer bolted to the system above the STM, 

we determine a transfer function relating motion of the 

accelerometer to the tip-to-sample motion Z.  With 

further accelerometer measurements we can use this 

transfer function to generate a signal summed directly 

into the STM’s Z positioner in order to cancel out the 

effects of these vibrations.  This technique can offer a 

broad, effective solution for scanning probe systems 

all over the world, at a reasonable cost. 



Carbon nanotubes as a Nano-reactor and Nano-container 
Miguel Garcia Goya, Physics and Mathematics Department, Universidad Iberoamericana Mexico 

City 

Kazunori Fujisawa, Mauricio Terrones, Department of Physics, Penn State University 

Description of project and the work: 

We take advantage of single walled 

nanotubes diameter to fill them with 

molecules and analyze their interactions 

with changes in temperature. 

The project can lead can lead to an easier 

production of diamond nanowires, which 

have great electronic properties and a 

broad spectrum of applications. 

I was in charge, along with Dr. Fujisawa, in 

running the experiments to fill said 

nanotubes with coronene and fullerene. 

This allowed me to approach to a fully 

developed research job as I had doubts 

of  what career pursue. This summer 

made me realize researching might the  

best thing as I have the passion . 

 



Hydrogen Dynamics from Frustrated Interactions on the 

Al2O3(0001) Surface 
Eric J. Stopper, Mark J. DelloStritto, Jorge O. Sofo; Department of Physics, Penn State University 

This summer, I used computer 
simulations to study the positions and 
dynamics of hydroxyl groups on a 
sample of aluminum oxide (Al2O3). My 
goal was to understand the atomic 
interactions that caused trios of surface 
hydrogen atoms to favor specific 
configurations.  
Surface reactivity is an important 
property in physics and chemistry, with 
applications in oxidation and catalysis, 
among others. Simulation is a valuable 
tool which can lend insight into the 
atomic scale processes driving these 
macroscopic phenomena. These 
hydrogen trios make up the dynamic 
element of the system, and they 
mediate any kind of reaction that occurs 
on the surface. To characterize their 
interaction energies I used simulation 
data to evolve a unit cell of Al2O3 and 
determine which states are preferred at 
later times. I wrote a series of computer 
programs to process this data and 
determine both how the trios on the 
surfaces converge to their local energy 
minima and how the energies of 
different configurations relate to one 
another.  

I used computer simulations to evolve the unit cell 
and find relevant energies, I wrote several programs 
to process the data, and I created plots to represent 
my findings. This experience has helped me to 
understand how to ask the right questions to make 
progress, how to think more analytically, and how to 
organize my work effectively. 



A Statistical Model of the Syntax of Song Sparrow 

Songs 
Zixin Tang, Department of Physics, Penn State University 

Sumithra Surendralal, Dezhe Z. Jin, Department of Physics, Center of Neural Engineering,  

Penn State University 

  Vocal sequences, such as speech in humans and songs in songbirds, 

are generated by vocal muscles and controlled by neural signals from the 

brain. However, the precise neural mechanisms for the encoding of 

instructions to control vocal sequences, both in songbirds and in humans, are 

mostly unknown. This project aims to construct a model that describes the 

syntax of song sparrow songs. A quantitative description of the syntactic 

structure will help in hypothesizing about the neural basis of sequence 

generation.  

 

 

  The goal of the project is to set up a model that could 

illustrate how song sparrows organize discrete vocal elements 

called syllables to form a song. My role in this research project over 

the summer involved distinguishing different types of syllables in the 

songs by performing spectral and temporal analyses of audio 

recordings, and applying supervised learning methods for sound 

classification.  

  The REU program provided me with an opportunity to 

experience research in the sciences firsthand, learn programming 

skills, and think about interesting research areas for the future, if I 

choose to go to graduate school. 



Superfluid 4He Flow Through an Individual cm 

length Nano-capillary 
Albert Nazeeri, Physics Department, Penn State University  

Pavlo Bulanchuk, Jaeho Shin, Professor Moses Chan, Department of Physics, Penn State University 

              Theory predicts that confinement of a system to 1D 

should suppress superfluidity and superconductivity due to 

phase fluctuations. Here we report an experimental study of 

liquid helium confined in quasi-one dimensional glass 

capillaries. We have succeeded in building a reliable sample 

cell in holding the glass capillaries with diameter that ranges 

from 500 to 30 nm and with length of a few cm. Preliminary 

data taken between 1.3 and 2.3K show flow of liquid helium 

through a capillary with inner diameters of 200 nm and aspect 

ratios on the order of 105. We are currently modifying the 

cryostat to obtain high precision quantitative data to compare 

with theoretical expectations. 

             While this project has some theoretical implications, it 

will also have some practical use. Electrons on helium surfaces 

are being used as qubits for quantum computation studies. As a 

result, transporting helium in one dimensional channels is one 

method to integrate qubits. 

             This summer I learned a lot about low temperature 

physics- specifically the different techniques experimentalists 

use to reach temperatures below 4K. 



Improving the Reconstruction of Gamma Rays 

Detected by HAWC 
John M. Nauman, John R. Pretz, Miguel A. Mostafá  

Department of Physics, Penn State University 

The High Altitude Water Cherenkov (HAWC) 
observatory detects high energy gamma rays emitted 
from galactic and extragalactic sources. Gamma rays 
interact with the atmosphere to create “extensive air 
showers” of secondary particles. These secondary 
particles are detected by HAWC’s array of Water 
Cherenkov Detectors. HAWC uses detector data to 
reconstruct the geometry of the air showers, finding the 
center (core) and the arrival direction of each air 
shower. By reconstructing several air showers, HAWC 
can map gamma ray sources. When examined in 
conjunction with other multi-messenger experiments, 
these maps provide unique ways of looking at the 
universe. 

I studied HAWC’s reconstruction algorithms with the goal of improving the reconstruction of events 

that land slightly outside the array. We tweaked the reconstruction algorithms to take various parameters 

as inputs. We varied these parameters and observed the effect on off-detector reconstruction. Our 

results show that if the shower core can be located more accurately, the reconstruction improves. 

However, shower front curvature appears to be impairing reconstruction, even if the core position is 

perfectly known . 

This project was valuable for me, because it allowed me gain research experience. I’ve been exposed to 

the field of particle astrophysics, and I’ve learned several computation techniques that will aid me in the 

future. I have found research to be rewarding, and I am now considering graduate school.    

 



Optimization of MoS2 Chemical Vapor Deposition Using 
an MoO3 Precursor 

Adam Bolotsky, Department of Engineering, Penn State University 
Zhong Lin, Ana Laura Elías, Dr. Mauricio Terrones, Department of Physics, Penn State University 

 Molybdenum disulfide (MoS2) is a 2-D semiconducting 
material with promising device applications such as solar 
cells, transistors, and photosensors. The goal of this project 
was to optimize MoS2 chemical vapor deposition using an 
MoO3 precursor powder. Optimal MoS2 growth would 
appear as large monolayer triangles with high 
photoluminescence efficiency. 

 We investigated variations in heating ramps and 
growth temperature and demonstrated that modest 
changes in growth conditions can significantly impact the 
material deposited on our Si/SiO2 substrate. Additionally, 
we found that photoluminescent films and small triangles 
of MoS2 frequently formed in tight rings around the residue 
of our MoO3 precursor.  

 This project has been great exposure for me to the 
realm of academic research. Additionally, it has given me 
great experience in the field of materials research and 
provided me the skills to further explore new areas of my 
research topic . I am immensely grateful for the 
opportunity that the REU program has provided me. 

 

Adam (left) and Zhong (right) 

Fluorescence image of MoS2 layers adjacent to 
MoO3 residual powder.  


