
Investigating Stoichiometric Effects of an Exfoliating Agent on MoS2 
Nanosheets 

Victoria Acosta, Department of Chemistry, North Carolina Central University 
Alyssa Rosas, Dr. Thomas E. Mallouk, Department of Chemistry, Penn State University 

Exfoliation of Transition-metal dichalcogenide nanosheets exhibit potentials for them being used as the 
following: catalysts for hydrogenation, luminescent materials, thin film semiconductors, and nanoprobes for 
detecting biomolecules. It is important to understand that the properties of the sheets depend highly on 
how many layers are included. For this project, it was important for me to determine if changing the 
concentrations of the exfoliating agent alters the number of layers produced.  

My role in this summer project was to exfoliate bulk 
MoS2 with varying concentrations of n-butyllithium. 
The goal of this project was to observe  if the 
number of layers were affected by the varying  
concentrations of n-butyllithium. As an 
undergraduate researcher, being productive with 
my mentor and PI, better advanced my experience 
at Penn State. Being in this REU specifically, greatly 
enhanced my drive for getting my PhD. I am overall 
very appreciative of the opportunity to participate 
and execute this summer project.  



Assembly of Functionalized Silica Nanoparticles Using Dielectrophoresis 
Natalia Alexander1, Nathan D. Burrows2, Christine D. Keating2 

Department of Chemistry and Biochemistry, California State University, Los Angeles ; Department of Chemistry, Penn 
State University  

 Development of cutting edge devices requires 
materials with unique properties that are not 
present in nature. One of the ways to create such 
materials is to use dielectrophoresis to assemble 
particles.  
 
The purpose of the project I participated in  is  to 
find out how functionalization of the silica particles 
affects their response to the dielectrophoretic  
force. For the project, I functionalized and 
characterized silica particles, made electrodes, and 
used dielectrophoresis to assemble the 
functionalized silica particles. Participating in this 
project benefitted me in a lot of ways. First, I 
learned a lot of new laboratory techniques. 
Second, I got the experience of a graduate school. 
Third, I made of a lot of useful connections. This 
experience finalized my decision to continue my 
education in the graduate school. 



Understanding the Degradation of 2D 
Monolayer MoS2  

Alessandro Benadia, Department of Materials Science and Engineering, University of Florida 
Kehao Zhang, Joshua A. Robinson, Department of Materials Science and Engineering, Penn 

State University 

also begin degrading. Additionally, 
the power of the laser used for 
imaging had no correlation with an 
increase in the rate of degradation.  

Under the guidance and design of Kehao Zhang and 
Dr. Robinson, I grew MoS2 samples through powder 
vaporization on r-plane sapphire. I then performed Raman 
and PL imaging of these samples with a 532 nm laser at 
various laser powers. From analysis of the resulting data, I 
was able to conclude that the MoS2 degrades in a pattern. In 
this pattern, degradation originates at the center of the flake 
and expands over time. After several days, the outer edges 

Molybdenum Disulfide (MoS2) is a two-dimensional material with extremely useful optoelectronic and 
photonic properties, but not much research has been done on how it degrades. It is important that more data 
be collected before MoS2 can be used in real-world applications. I analyzed the pattern of degradation that 
occurs on monolayer MoS2 in air using Raman and Photoluminescence (PL) spectroscopy. Data from this 
experiment can be useful for future research.  

Through this experience, I gained many valuable skills including powder vaporization, 
imaging techniques, and spectroscopy analysis. This project also gave me 
experience and insight into how real-world research is managed and scheduled and 
how a real laboratory operates. This program has reinforced my desire to pursue 
research in 2D materials.  

 



Advanced Polymers For Solid-State Aluminum-Air 
Batteries 

Franky Bernal, Department of Chemistry and Biochemistry, California State University Los Angeles 
Xuedi Yu, Dr. Jing Pan, Dr. Michael A. Hickner, Department of Materials Science and Engineering, Penn 

State University 

 Alternative energy has become essential due to 
increasing global energy demand. Human induced climate 
change associated with burning fossil fuels drives the 
search for alternative and renewable energy sources. 
Aluminum-air batteries have generated interest as a new 
battery chemistry given their higher theoretical potential and 
specific energy compared to conventional batteries – like Li-
ion. However, typical aqueous electrolyte systems in these 
batteries are susceptible to carbon dioxide absorption and 
are impractical for long term storage and transportation. In 
this project we explored the ion-conductive polymers, 
Poly(vinyl alcohol) and benzyltrimethylammonium, as 
electrolytes in order to create a viable solid-state Al-air 
battery.  

  
 
 

 I worked on every aspect of this project from synthesizing the polymers, to building the cell, and finally 
running the tests and analyzing data. I also helped set up cell conductivity experiments in lab and aided in 
writing a procedure for them. The goal of this project was to find a suitable polymer that could provide high 
ionic conductivities and deliver a strong performance in an Al-air cell. At the very least I would be able to gain a 
better understanding of polymer interactions within the cell and develop ideas for continuing my work. I firmly 
believe this summer experience will help bridge my transition from an undergraduate to a graduate level 
researcher. I am excited to build upon the connections I made this summer and look forward to developing my 
project further with added help from collaborations. 

 



Thickness Variation in Radio Frequency Sputtered PZT 
Thin Films for Adjustable Optics 

Nathan Bishop, Physics Department, Shippensburg University 
Julian Walker, Susan Trolier-McKinstry, Materials Research Institute, Penn State University 

 Adjustable X-ray optics using piezoelectric thin film 
actuators to precisely control mirror figure, are 
being developed for the next generation of X-ray 
observatories.  In efforts to achieve precise curved 
mirror figures, thin film stress non-uniformities must 
be better understood.  It is known that thickness 
variation in thin films contributes to stress non-
uniformity in the film, however thickness variation 
on curved substrates is not well studied.  Therefore, 
understanding thickness variation in a thin film will 
assist in our understanding of stress non-
uniformities. 

 
 

A spectroscopic ellipsometer was used to map out film thickness as a function of position on the 
substrate by taking an 11 X 11 array of measurements over a 100 X 100 mm area.  These 
measurements were taken on two substrates, one flat substrate, and one cylindrically curved 
substrate (radius of curvature 220 mm).  Simultaneously, a mathematical model relating sputter 
tool and substrate geometries to film thickness variation was created.  Good agreement 
between model and measurement was achieved, allowing researchers a way to quickly optimize 
sputtering geometry for thickness uniformity.  This experience provided me with the opportunity 
to plan and execut3 research, from sample fabrication and characterization to data analysis. 
The project also provided experience with a highly collaborative research team involving multiple 
on campus departments, and the Smithsonian Astrophysical Observatory at Harvard University. 

 



Characterizing Magnetism in Magnetically 
Doped Topological Insulators 
Raina Crawford, Department of Physics, Bryn Mawr College 

Susan Kempinger, Dr. Nitin Samarth, Department of Physics, Penn State University 

There have been multiple somewhat 
contradictory observations of the magnetic 
behavior of magnetically doped topological 
insulators, observing ferromagnetic behavior 
in some cases but superparamagnetic 
behavior in others. This study was conducted 
to characterize the magnetic behavior of V-
(Bi,Sb)2Te3 and V-Sb2Te3 and determine how 
this characterization varies with thickness, 
method of doping, and the addition of bismuth.  
I used a Superconducting Quantum 
Interference Device magnetometer to 
measure the magnetic moment of the 
samples. Through this I gained the skills and 
technical knowledge I need to do my senior 
thesis research back at Bryn Mawr College, 
where I will be continuing to analyze the 
magnetic properties of these materials. 



Analysis of Platinum Janus  
Motors Rheotaxing in Nozzles 

Yareslie Cruz Rivera, Industrial Chemistry, University of Puerto Rico at Humacao 
Remmi Baker, Ayusman Sen, Department of Chemistry, Penn State University 

3-D printing resolution and efficiency is limited by the 
behavior of the printing materials, particularly materials 
that clog the nozzle. The main goal of the research is to 
analyzed “active ink” systems to prevent clogging in the 
nozzle. This “ink” consists of autonomous self-
electrophoretic Janus Motors that move in solution. These 
motors enhance the diffusion of surrounding passive 
particles, and thereby can help prevent obstructs from 
forming the nozzle. 
 
 
 
  

This summer we observed artificial rheotaxis of Pt-PS 
Janus Motors. This behavior depends upon the fuel 
concentration, flow rate, and particle size. By 
understanding rheotaxis we now can design and 
incorporate anti-rheotaxis bumps to redirect active Janus 
Motors. Thus, we can further enhance the properties of 
active ink to prevent clogs. This research exposed me to 
the research process, from idea conception to paper 
writing. Also, I was exposed to an instrument that I would 
not be exposed to in my university. Ultimately, this help 
to develop my lab skills.  
 



Indium Intercalation through Epitaxial Graphene 
Ana De La Fuente Duran, Department of Materials Science and Engineering, Penn State University 
Natalie C. Briggs, Dr. Joshua A. Robinson, Department of Materials Science and Engineering, Penn 

State University 

Recently, it has been shown that few-layered indium selenide 
(InSe) exhibits an electron mobility that greatly surpasses 
that of other 2D metal chalcogenides and shows increased 
stability when compared to other materials with high 
mobilities. While literature reports have demonstrated the 
synthesis of various phases of indium selenide in 2D form, 
the powder vaporization techniques used are often 
unrepeatable or largely unsuccessful. This has created a need 
to find an alternative procedure that will successfully and 
reliably form few-layered InSe.  The research we did was 
focused on creating a method to intercalate indium atoms 
through graphene, resulting in a layer of encapsulated indium 
atoms that may subsequently be annealed to produce 2D 
InSe.  

 My contribution to the project was completing all of the intercalation runs in a tube furnace and completing 
characterization on the resulting samples.  Over the summer, I was able to complete both a formal temperature 
study and an epitaxial graphene (EG) type study and determine how those factors impact the intercalation 
process.  Thanks to increased exposure, I was able to become more proficient in several characterization 
techniques including Scanning Electron Microscopy, Atomic Force Microscopy, and Raman Spectroscopy.  This 
summer has only further encouraged my desire to continue doing research and ultimately go to graduate school.  
As I work in the same lab during the academic school year, this summer has also helped to ensure that I will be a 
more productive and helpful person within my research group. 

 



Over the Summer I learned how much work is 
required to grow a sample, specifically I was able to 

create a multilayered Cobalt Platinum (Co-Pt) 
sample via plasma deposition. Co-Pt was chosen 
since it exhibits interesting magneto-crystalline 

anisotropy characteristics within its planes.  

How did I Characterize? 
By using a Magnetic Force Microscope (MFM), I was able 
to observe the materials magnetic properties. Since it 
focuses on determining magnetic dipole to dipole 
interactions of a given sample. 
  It does this by using a very sensitive magnetic 
tip and passing over the area via Two-Pass LiftMode. This 
maps out the magnetic force gradient above the sample 
while simultaneously obtaining topographical data. 

MESP Tip 



Constructing a Cryogenic Photomultiplier Tube Calibration 
System for the LZ Dark Matter Detection Experiment 
Nicholas J Fassino1, Dr. M. Carmen Carmona-Benitez1, Dr. Luiz de Viveiros1 

1Department of Physics, The Pennsylvania State University 

The LUX-ZEPLIN Dark Matter Detection Experiment 
(LZ) is the next step in the search for dark matter. 
Because dark matter does not interact with visible 
light, liquid xenon (LXe) will be used to 
theoretically recoil from collisions with dark 
matter, producing flashes of light that travel 
towards electronics called photomultiplier tubes 
(PMTs). Knowledge of PMT characteristics 
enables effective counting of photons and, 
consequently, dark matter detection events. 

My objective was to design and construct a system to 
calibrate PMTs at LXe temperatures (~170 K). I 
constructed a vacuum pump testing platform, an 
aluminum support structure, and parts of a 
cryogenic cooling apparatus called a 
thermosyphon. Once completed, the system will 
be tested and results will be applied to LZ.  

This research experience helped me understand the open-ended nature of physics research. I 
learned a lot about the physics that govern dark mark matter detection and the techniques 
used in constructing detector systems. I hope to utilize what I’ve gained from this experience 
when I pursue my PhD. 

 



Large Area Growth of 2D Ultrathin 
Mo2C Superconducting Crystals 

     
     

        
     

     
    

 

2-Dimensional (2D) materials are essential 
to the next era of technological develop.  In 
our work, we optimize the growth process 
of a specific 2D material, Mo2C, that 
exhibits fascinating and novel properties, 
including thickness dependent 
superconducting behavior.  Once optimized, 
Mo2C can be used for a myriad of 
innovative electrical device and chemical 
synthesis applications. 
 
In our Mo2C growth optimization project, I conducted various trend studies to observed 
how the Mo2C crystal coverage and thickness were affected by CH4 and carrier gas flow 
rates.  These trend study aided in arriving at an optimized growth process to make large 
area ultrathin Mo2C crystals.  During my project, I was given ultimate independence.  
This independence taught me the process of overcoming obstacles that I encountered in 
the research process.  I learned how to effectively and efficiently investigate literature 
and how to brainstorm and evaluate solutions to problems that I encountered.  
 



Spin-Dependent Transport Properties  
in 2D NbSe2 Superconductor  

Laura Goodman, Department of Physics, North Carolina State University 
Egon Sohn, Kin Fai Mak, Jie Shan, Department of Physics, Penn State University 

     Two-dimensional (2D) materials are of interest 
because we continually need smaller devices. 
Heterostructure devices built by different materials 
give unique and multifunctional properties. In our 
lab, we explore the properties of 2D 
superconductors. This project studies the spin-
dependent transport properties of the 2D 
superconductor NbSe2. Characterizing the 
properties of this nonconventional superconductor 
and the changes when paired with ferromagnetic 
materials lets us take steps to greater understand 
this field and expand the potential applications. 

     To increase efficiency of this process, my role was to build software that would take measurements 
from the equipment in the lab. I designed it such that a person could use any combination of GPIB-
controlled equipment to take continuously-saved measurements and that data would be displayed 
graphically in real time. Using this adjustable LabVIEW program, we measured the resistivity of our 
superconducting devices at different magnetic field strength and direction to characterize the density of 
states. This experience has amplified my coding abilities and my comfort with lab equipment, as well as 
increased my understanding of superconductors, which will be great assets to me as I pursue a career in 
materials research for more efficient energy usage. 

 



Slow Control and Cryogenics for LZ Radon Removal System 
Corey Herr, Department of Physics, Penn State University 

Dr. M. Carmen Carmona-Benitez, Dr. Luiz de Viveiros, Department of Physics, Penn State University 

Dark matter is “missing” mass that makes up 
one quarter of the Universe’s mass-energy 
density.  The search for dark matter will 
improve our understanding of the universe 
around us.  I developed the slow control 
for the cryogenics system test bench at 
Penn State.  This will allow us to create a 
radon removal system that will improve the 
sensitivity of the LZ dark matter detector. 

 
I developed a LabVIEW program that will 
  control the cryogenics 
system at Penn  State.  This project 
improved my   
 understanding of the technical skills 
  that go into experimental 
physics.  The  technical skills I learned in 
the REU will  help with any experimental 
design in my future. 



Topological Plasmonics 
Jingjing Pan, Department of Physics, The Pennsylvania State University 

Jonathan A. Guglielmon, Dr. Shashank Pandey, Prof. Mikael C. Rechtsman,  
Department of Physics, The Pennsylvania State University 

  The objectives of our project is two-fold: to design and realize a 
topological plasmonic device (photonic topological insulator of metallic 
structure), and to realize photonic dispersionless bands in aperiodic metallic 
structure in THz regime. Topological plasmonic device refers to the device of 
metallic structure that possess robust optical properties, which arises from 
topologically protected edge states of photons propagating in the material. 
By realizing that, we look forward to reducing loss of photons that is usually 
detrimental to the device. We are also interested in realizing dispersionless 
bands in aperiodic metallic structure, namely the photonic analogy to 
Landau levels of electrons in the solid state physics, which is of our interest 
to generalize fundamental concepts and explore possible distinctions. 

  My work on this project is to compute the band diagram of THz 
photons propagating in various materials, from which we can study 
properties of the light such as how fast it propagates, where it goes and 
different types of its behavior. Moreover, it will be used to set parameters for 
my group member to carry out the experiment. Not only the REU experience 
of this summer has taught me concrete methods and techniques in doing 
research, it also has provided me a valuable opportunity to explore my 
interest in the research field of photonics. 

 



Synthesis of Graphene Oxide (GO) and GO/ 
Carbon Nanotubes (CNTs) hybrid fibers. 

Kevin J. Rivera, Department of Chemistry, University of Puerto Rico 
He Liu, Ana Laura Elias, Néstor Perea, Mauricio Terrones, 

Penn State University 

The purpose of the project was to enhance the electrical 
properties of GO fibers while retaining their mechanical 
properties. This could be achieved by making GO/CNT 
hybrid materials. GO was synthesized by the modified 
Hummer’s method using mineral graphite as the starting 
material. The GO film was made by casting the GO slurry 
directly onto a Teflon coated surface. The Carbon 
Nanotubes (CNTs) were incorporated by placing yarns of 
vertical aligned CNTs onto the wet GO films. 
 
I prepared the GO using the improved Hummer’s method. I 
also casted and twisted most of the films and fibers, 
including the pristine and the GO/CNTs hybrid films/fibers. 
This summer project had a large impact on my personal 
development as a researcher. I’ve learned many useful 
techniques that I commonly do not use at my University in 
Puerto Rico. This experience helped me understand what 
research is like and make the critical decision of applying 
grad school. 
 



2D Electron Gas at Transition Metal Oxide Heterointerfaces 
Sean Prudhoe, Department of Physics, Penn State University  

Jing Wang, Qi Li , Department of Physics, Penn State University 

The project our lab has been working on is the study of 2D 
electron gases that can occur at transition metal oxide 
surfaces and heterointerfaces, with our main study being 
on perovskite structured transition metal oxides. This 
study is important because 2D electrons gases still have a 
mysterious origin in many systems and these systems 
also display many exotic properties such as non standard 
hall effects and super conductivity.  

For this step in the labs goals I helped to prepare samples 
and test their electrical transport properties. This is 
important because the current project of the lab is in its 
initial to secondary stages so much data was needed and 
is still needed on many different types of samples. I have 
been impacted by this research in that I now know how to 
use some technical laboratory equipment and have a 
better picture of what takes place in a research lab. My 
plans are to continue working with this lab as they 
continue on their study of 2D electron gases.  

 



Tuning TiO2 Nanowire Anisotropy for Random Laser System 
Madeline B. Yu, Harold and Inge Marcus Department of Industrial and Manufacturing Engineering, Penn 

State University 
Jennifer R. Miller, Dr. Christine D. Keating, Department of Chemistry, Penn State University 

 I focused on reducing the polydispersity of the sample by performing sonication and 
separation experiments to narrow the size distribution of the nanowires. My processed wires 
are less polydisperse, which should reduce spot-to-spot variability and enable us to study the 
effects of wire size on lasing emission. This project has made me a better researcher because I 
spent the summer learning from such hard-working, collaborative people. Interacting with the 
graduate students and learning new techniques such as TEM and probe sonication has made me 
consider going to graduate school and pursuing a Masters or PhD. 

 Our overall project seeks to gain understanding 
of particle assembly strategies in the context of a 
random laser system. Particle assembly strategies 
can be used in a variety of fields and applications 
such as meta-materials for reconfigurable devices. 
However, sample uniformity is important to 
understand collective particle behavior in particle 
assembly, and reducing spot-to-spot variability in 
the random laser system specifically. 



Interlayer Exciton Lifetimes in 2D Semiconductors 
Kevin M. Honz, Department of Physics, Luther College 

Dr. Yi-Hsin Chiu, Dr. Kin Fai Mak, Dr. Jie Shan, Department of Physics, Penn State University 

Bound electron-hole pairs called excitons 
strongly interact with light within two-
dimensional transition metal 
dichalcogenides. These interactions open 
up possibilities for novel optoelectronic 
devices, but intralayer exciton lifetimes are 
very short (1-10ps). We applied an electric 
field to a dual-gated bilayer WSe2 device, 
separating electrons and holes into different 
layers of the WSe2 and lengthening 
lifetimes up to 45 ns.  

In our experiment, excitons underwent radiative recombination, and the resulting photo-
luminescence (PL) was measured with an avalanche photodiode. However, the 
imperfect response of the system convoluted with the PL signal. I wrote a program that 
uses iterative reconvolution to account for this and extract exciton lifetimes from the 
data. Additionally, I participated in gathering data and exfoliating graphene. This 
experience has taught me widely used fitting and experimental techniques. Looking to 
the future, this research has affirmed my interest to pursue condensed matter physics in 
graduate school.  



Using Closed-Form Expressions for the Radiation Properties of Elliptical 
Nanoloops to Simulate Elliptical Nanoloops in Optical Regimes 

Mary E. Horton, Physics, North Carolina Central University 
Jogender Nagar, Dr. Douglas H. Werner, Department of Electrical Engineering, Penn State University 

Circular loop antennas have been explored for their 
uses in microwave regimes, but recently there is an 
increasing interest in the properties of circular nanoloops in 
the optical regimes.  By carefully tuning the geometry, circular 
nanoloops can exhibit extremely large directivities, resulting 
in a variety of potential applications including wireless 
communications and the harvesting of solar energy.   
Recently, it has been discovered that elliptical nanoloop 
antennas are even more directive than their circular 
counterparts. 

While there are numerous applications for these highly 
directive elliptical nanoloop antennas, there are complications 
resulting from their geometry that make the derivations of 
their radiation parameters difficult.  These problems impede 
the theoretical and numerical analyses of elliptically 
structured nanoloop antennas and drastically increase the 
time needed to design these antennas.  

I helped develop much faster methods for simulating the properties of thin-wire nanoloops than 
traditional full-wave computational simulations by validating the derivations of closed-form expressions for 
the properties of elliptical nanoloops in the optical regimes and implementing these expressions in 
MATLAB, and verifying them by comparing the results to those found through by commercial solvers.  As a 
result I am a much more confident scientist and feel empowered to approach a wide variety of problems 
with an understanding of the underlying physics and the application of effective scientific computation. 



Assembly of Functionalized Silica Particles 
Ismail Ibrahim, Physics Department, North Carolina Central University 

Dr. Nathan D. Burrows, Dr. Chris D. Keating, Department of Chemistry, Penn State University 

By functionalizing a silica particle, we can alter it’s surface 
chemistry. The goal of our research this summer is to 
understand how surface chemistry impacts particle 
assembly in asymmetric alternating current (AC) -electric 
fields. By adjusting voltage and frequency we can 
investigate the different properties given by altering these 
factors. By studying how changes in the particle chemistry 
change the frequency at which negative and positive 
dielectrophoresis occur, we can then rationally design 
surface functionalities to enable complex assemblies of 
more interesting particles for dynamic metamaterials. 

 
As a model system, silica particles are functionalized using silanes altering their native                                                     
surface chemistry. This summer I assisted in functionalizing silica particles using specific 
silanes. Each silane would change the surface chemistry in a different way. Following this I 
adjusted the frequency of an electric field, conditions for assembly by both positive and 
negative dielectrophoresis can be determined. This summer experience developed me as a 
researcher as we were forced to manipulate our procedure several times due to failure. 
Ultimately, this summer improved my ability to think critically. 



Photocatalytic Activity of Titania for Water 
Splitting Using Nudged Elastic Band Method 

Byron Lara, Department of Mechanical Engineering, California State University, Los Angeles 
Jason Munro, Quinn Campbell, Ismaila Dabo, Department of Material Science and Engineering, 

Penn State University 

 This summer, my project was to 
computationally analyze the water splitting 
process with Titania(TiO2). Water splitting is 
the process of splitting water molecules to 
make Oxygen and Hydrogen gas. Hydrogen 
gas can be used as an alternative source of 
energy. 
 In this project, I was responsible for 
making all the slab structures using a 
software package called QuantumWise. 
Using the open source package, Quantum 
Espresso, I was able to relax all the slab 
structures and perform vc-relaxes on the unit 
cell. Lastly, I was responsible for creating the 
final and initial states. I then relaxed the 
structures.  

 



• This project entails the growth of monolayer 
crystalline graphene sheets on a copper 
substrate. These sheets are then functionalized 
with a transition metal carbonyl complex which 
leads to an engineered band gap. This change to 
graphene structure, which already has high 
surface area, conductivity and mechanical 
strength, will open many doors in the field of 
electronics. 

• My contributions to the project have been to 
optimize parameters of graphene growth and 
functionalization through chemical vapor 
deposition and sample characterization through 
Raman spectroscopy, optical microscope and 
electrochemical analysis. This summer’s research 
has given me a realistic view of what it means  be 
in a professional research environment.   

 
 

The Role of Defects in the Functionalization of 
Graphene 

Eric Laws1, Tomotaroh Granzier-Nakajima2, Kazunori Fujisawa2, Daniel Grasseschi2, Haoyue Zhu3,  
Ana L. Elìas2, Mauricio Terrones2,3,4 and K. Vinodgopal1 

1Department of Chemistry, North Carolina Central University; 2Department of Physics, Penn State University, 3Department of Chemistry,  
4Center for Nanoscale Science, Penn State University   



Quantum Efficiency in Perovskite Light Emitting 
Diodes under Low to High Current Densities 

Mike A. Lopez1, Hoyeon Kim2, Alex Grede2, Alyssa Brigeman2 and Professor Chris Giebink2 

1Department of Aerospace Engineering, University of Central Florida; 2Department of Electrical Engineering, Penn 
State University;  

  Light Emitting Diodes (LEDs) have attracted much 
attention in research and industry thanks to their versatility and 
efficiency. Recently scientist have been able to use hybrid 
semiconducting materials to fabricate new and unique 
perovskite LEDs.  Unfortunately, every LED is limited by their 
efficiency as they reach higher levels of brightness (roll off). 
 In this project, I have explored the efficiency roll off 
of a perovskite LED at high current densities.  To reach these 
high currents, I must switch from a steady voltage source to a 
pulsed voltage source.  Which prevents me from burning the 
device when I reach those higher voltages. The ultimate goal of 
my project was to uncover the fundamental causes of the 
efficiency roll-off.  However, due to complications in lab and 
challenges when it came to measuring light, I was unable to 
completely wrap up my project 
 Ultimately, this has been one of my most productive 
summers I have ever had.  I was given the chance to handle a 
variety of expensive equipment and learn the fundamentals of 
accurately taking electronic measurements.  This experience has 
played a huge role when it comes to pursuing grad school! I like to thank all of Prof. Giebink's group 

for helping me out this summer! 
 

 



LUX-ZEPLIN Sensitivity Studies 
Jacob McLaughlin, Department of Physics, Penn State University 

Dr. Luiz de Viveiros, Dr. M. Carmen Carmona-Benitez, Department of Physics, Penn State University 

LUX-ZEPLIN is a next generation dark 
matter detector being built with the goal 
of being the most sensitive detector 
ever. To achieve this goal, a thorough 
understanding of how different 
backgrounds and detector performance 
measures affect sensitivity is required. 
The projected tolerance can then be 
checked against real values as the 
detector is built. 

  I ran new sensitivity projections to find our 
tolerance of important backgrounds and 
poor detector performance metrics. This 
project gave me a better understanding 
of data analysis techniques and the 
statistics used in physics. Additionally, 
this was my first computationally heavy 
project, and I would like to continue with 
similar projects in graduate school. 



Transport Data Analysis in Strontium Vanadate 
Michael Cody Milovich-Goff1, Matthew Brahlek2 , Turan Birol3, and Roman Engel-Herbert2 
1Department of Physics, California State University of Los Angeles;  2Department of Material Science and 

Engineering, Penn State University; 3 Department of Chemical Engineering and Material Science, University of 
Minnesota 

  A full understanding of how electrically 
moves though a material is essential to 
creating a more efficient and functional 
transistor. In our case we look at  SrVO3, a 
highly correlated transparent conductor 
grown by hMBE. SrVO3  grown in hMBE 
systems have shown to have a residual 
resistivity ratio(RRR) of around 200. 
Transport measurements taken for SrVO3 
have show to differ significantly from the 
theoretically data created by density 
functional theory (DFT). The objective of 
this project is to try and bridge the gap 
between the theoretical data and the 
experimental data using method developed 
by N.P. Ong. This method looks at the Fermi 
surface (FS) of SrVO3 to determine it 
correlation effects. 

Although our original project did not end up working out the post docs we were working with helped us 
create new projects to work on. Matthew Brahlek and Jason Lapano were a huge help over the summer in 
terms of teaching us everything about the hMBE system and being available to answer any questions we 
had at any time, I'm forever grateful to them. 



Using Raman spectroscopy to characterize topological 
insulator composition 

Claire Nelmark1, Timothy Pillsbury2, Dr. Anthony Richardella2, Dr. Nitin Samarth2  
1Chemistry and Applied Physics, The College of St. Benedict, 2Department of Physics, Penn State University 

 

Topological insulators (TIs) have important implications for future electronic devices, particularly those combining 
spin-based logic and memory. As materials, they are insulating in the bulk, yet have spin-protected conducting 
surfaces which offer new possibilities in the realm of 
spintronics. By manipulating the electron spin state, 
these materials may lead to more efficient logic and 
memory architectures. Bi2Te3 and Sb2Te3 are 
realizations of topological insulators, but need to be 
combined into a compound crystal, (Bi,Sb)2Te3, to 
avoid non-ideal conducting bulk states.   

In this work, we used Raman spectroscopy to 
characterize (Bi,Sb)2Te3 thin films synthesized using 
molecular beam epitaxy (MBE). The changes in phonon 
modes with the composition of the film are 
represented by shifts in the peaks of the spectra.  By 
using samples with known compositions, we aim to 
create a secondary calibration standard by which to 
quickly characterize future samples. This project 
allowed me opportunities I otherwise would not have 
had as an undergraduate. I was able to learn about a fundamental area of physics (condensed matter) and received 
hands-on experience with equipment such as Raman spectroscopy, Atomic Force microscopy (AFM) and MBE that 
aren’t available at my home institution. This exposure has better equipped me for a research career.  

 



Exploring Defects in Topological Insulators Using X-Ray Diffraction and Atomic Force 
Microscopy 

Maeve O’Brien , Department of Physics , University of California, Merced 
Dr. Anthony Richardella, Timothy Pillsbury, Professor Nitin Samarth, Department of Physics, Penn 

State University 
  Topological insulators such as the Bi- and Sb- chalcogenides are 

of great interest to because they have unusual metallic surface states 
that allow the spin of electrons moving through them to be controlled 
and used for spintronic devices. Much progress has been made in the 
epitaxial growth of thin films of these materials. However, the common 
defects present need to be better characterized so that higher quality 
materials can be synthesized.  

  Our aim was to better understand the structural defects 
present within the various topological insulators synthesized via 
molecular beam epitaxy. The methods used were primarily high-
resolution x-ray diffraction and atomic force microscopy. These two 
techniques were used in conjunction in order to better understand 
both the surface defects and the defects present within the crystalline 
structure. 

   The quality of the thin films is known to depend on the type of 
substrate the films are deposited upon. We report detailed 
characterization of Bi2Se3 grown on sapphire substrates and compare 
our results with those reported for growth on other substrates such as 
InP. This summer project  helped me as a researcher in a number of 
ways. I gained more experience working in a professional research 
setting, but also I got a chance to learn what will be expected of me in 
graduate school. I also learned a number of common analytical 
techniques used to better understand materials, such as topological 
insulators. 

 

 



Investigation of Cr-based contacts to GeTe Radio Frequency Switches 
Johnathan O’Neil, Department of Chemical and Biomolecular Engineering, Clemson University 

Kayla A. Cooley, Hamed Simchi, and Dr. Suzanne Mohney, Department of Material Science and Engineering, 
The Pennsylvania State University 

GeTe is a phase change material that undergoes its phase 
changes through different heat cycles. Since these phases have 
resistances that differ by several orders of magnitude, GeTe is a 
material of interest for RF switches. To improve the efficiency of 
the RF switch, my lab investigates different contact metals. 
Currently contact resistance (Rc) a large contributor to the overall 
resistance of the RF switch. In order to have an efficient RF switch, 
a good contact metal with limited Rc, high thermal stability, and 
controlled reactivity, if any, is necessary. 

Using four probes and scanning electron microscopy, I 
characterized the electrical performance of Cr-based contacts to 
GeTe. Cr is a metal with good adhesion and is easier to evaporate 
than other metals, which made it a metal of interest.  

Overall, this research experience has furthered my 
understanding of material science and cross-discipline research. I 
have also learned how to use many different pieces of equipment, 
which has broaden my skills as a researcher. Lastly, I have 
improved the most from learning how to write and speak in the 
scientific world. 

  

 



Study of Interleaflet Distribution of PI(4,5)P2 in Supported Lipid Bilayers 
Danixa Rodríguez-Meléndez, Department of Chemistry, University of Puerto Rico at Cayey 

Simou Sun, Paul S. Cremer, Department of Chemistry, Penn State University 

         My  project was based on the formation of supported lipid bilayers (SLBs), a 
model membrane system, using  PI(4,5)P2, which is a negatively charged lipid that 
plays important roles in cellular activities. However, this lipid can cause problems 
when incorporated into supported lipid bilayers. Essentially, the main problem is the 
interaction between PI(4,5)P2 and the glass support. This interaction not only leads to 
immobile components on the bottom leaflet of the lipid bilayer but also causes some 
PI(4,5)P2 from the upper leaflet to flip to the bottom leaflet over time. The flipping 
prevents people from using PI(4,5)P2 SLBs for further studies, such as protein binding 
measurements. In this study, this issue has been solved by constructing a new solid 
support made of oxidized polydimethylsilane (PDMS). Moreover, we were focusing on 
investigating the nature of the interaction between PI(4,5)P2 and the glass support 
and illustrating how different experimental conditions can affect the interleaflet 
distribution of the lipid. In general, this project and my specific contributions to it can 
be very helpful to people who are using PI(4,5)P2 SLBs in sensor design and 
membrane biophysical studies. 

          My contribution to this project was coating the glass surface with ox-PDMS, 
making vesicles containing PI(4,5)P2, fusing them to planar solid supports, and 
investigating the lipid diffusion in SLBs formed on glass and oxidized PDMS by 
fluorescence recovery after photobleaching. These contributions fit with the project 
goals in the way that we designed a new SLB platform that solved the PI(4,5)P2 flipping 
problem by coating the glass surface with ox-PDMS and we found the nature of the 
interaction between PI(4,5)P2 and the solid substrate by investigating the lipid diffusion 
in SLBs formed on glass. This summer project impacted my development as a 
researcher in a way that I acquired more knowledge and discipline in the research 
area. Also, this summer research helped me to gain more experience and skills 
required in the science field, especially in the nanotechnology area, and to explore new 
science areas, in which I can do my Ph.D.  



Patterning Laser-Induced Thermal Voxels 
Chappel Sharrock, Department of Chemical & Biomolecular Engineering, Department of 

Chemistry, New York University 
Cody Kindle, Dr. Lauren D. Zarzar, Department of Chemistry, Department of Materials Science 

and Engineering, Penn State University 

3D printing via laser direct writing (LDW) is a 
revolutionary alternative to traditional clean-
room lithographic procedures. This study seeks 
to combine the spatial control of LDW with 
benchtop chemistry to both generate and 
characterize laser-defined reactions volumes 
(voxels). Thermal voxels are high temperature 
regions formed at the focal point of the laser 
from a solvothermal-like reaction with a liquid 
precursor. I specifically sought to use a 
commercially available CO2 laser cutter to 
deposit materials directly onto an alumina 
substrate. 

My REU experience gave me a deeper knowledge 
of lithographic techniques and materials 
science in general. It allowed me further my 
technical skills and have a better idea of the 
topics I want to pursue in graduate school. 



Interactions of Water Molecules Confined in  
Single-Walled Carbon Nanotubes 
Alexander J. Sredenschek, Department of Mathematics, Physics, and Statistics, Messiah College 
Garrett L. DuCharme, Jorge O. Sofo, Department of Physics and Materials Research Institute, The Pennsylvania State University 

This research experience exposed me to the 
field of computational physics. It deepened my 
understanding of the research process through 
independent work and collaboration with my lab 
group, and it helped me to further my communication, 
time-management, and organization skills. Because 
of this experience, I have more clarity regarding two 
paths I may follow after graduation—graduate school 
in physics or a career in industry.  

The unique properties of water are governed by two 
interactions: electrostatic forces and, at shorter ranges, the 
addition of a hydrogen bond. However, these interactions may 
depend on the electronic structure and geometric properties of 
the environment of the water molecules. One environment in 
which to explore these interactions is a single-walled carbon 
nanotube (SWNT)—a honeycomb lattice structure of carbon 
atoms rolled into a cylindrical tube.  

In this research, we studied the interactions between two 
water molecules inside metallic (6,6), semiconducting (6,5) 
SWNTs, and, for comparison, in vacuum. Our goal was to 
determine how the metallicity of the tubes affects the short and 
long-range interactions between two water molecules. We 
modeled these systems using density functional theory (DFT) 
with a generalized gradient approximation for the exchange and 
correlation potential (PBE). We used a numerical localized basis 
set as implemented in DMol3. I used DFT to calculate the 
binding energy and bond lengths of the water dimer as a 
function of oxygen-oxygen distance in these three 
environments. I also modelled the interaction energy between 
water molecules using a point charge model using electrostatic 
potential (ESP)-fitted charges from DFT calculations.  



Simulating the Plasmonic Response of Nanoantennas 
in Time and Frequency Domain 

 
 Samuel Watson1, Yongan Tang1, Yihuang(Vincent) 

Xiong 2, Ismaila Dabo2 
1Department of Physics and Mathematics, North 

Carolina Central University;  2Department of Material 
Science and Engineering, Penn State University 

 

 Nanoantennas are of paramount relevance to 
next-generation optical information technologies. The 
purpose of this project is to optimize the nanoantenna 
by focusing on the geometry of a particular apparatus. 
I concentrated on recreating a pyramid apparatus and 
finding and understanding key components that can be 
used for nanoantenna optimization. 
 I was able to theoretically derive relevant 
Drude-Lorentz equations from the Maxwell equations 
in order to understand the surface plasmonic reaction. 
Using MEEP, I was able to simulate the propagation and 
resonance modes of the pyramid apparatus. We found 
some of the key components for optimization which 
were convergence frequency, periodicity/ amount of 
increasing plates, and etc. This summer project was 
very beneficial to me because I understand how to do 
theoretical derivations and calculations while learning 
a new and powerful program for simulations. 
Furthermore, I learned various topics in physics and 
simulations such as Drude-Lorentz Model, plasmonic 
circuit theory, finite-difference time and frequency 
domain, finite element method, and much more. I 
definitely enjoyed myself here and I plan to use the 
valuable information to continue my development as a 
researcher and engineer. 

 



Understanding cell-to-cell variability, memory and 
inheritance 

Izzati Zulkarnain, Department of Physics, Penn State University 
Dr. Lu Bai, Department of Physics, Department of Biochemistry and Molecular Biology, Penn 

State University 

 Silencing and transcriptional interference are two 
commonly-used repressive mechanisms of gene expression in 
budding yeast. Although both mechanisms can repress 
average expression level to a similar extent, silencing 
generates much higher cell-to-cell variability. The underlying 
mechanism of this high gene expression noise is still unclear.  
 My project this summer focused on analyzing the 
fluorescence intensity of budding yeast cells to find the 
activation rate of green fluorescent protein in the cells. The cell 
cycle-dependent activation rate is further analyzed to find out 
whether there are silencing states that contribute to the high 
level of noise in gene expression and whether the expression 
levels are memorized and inherited.  
 This research experience helped me develop my 
problem-solving and programming skills. I would like to thank 
my supportive mentor, Dr. Bai and members of the Bai Lab for 
helping me throughout the REU program. 

 



Hybrid Molecular Beam Epitaxy
Victoria D. Banister1, Arnab Sen Gupta

2
, Roman Engel-Herbert

2
 

 Department of Physics, California State University, Los Angeles
1
; Department of Material Science and Engineering, Penn State University

2 

The semiconductor industry has 
benefited highly from understanding the 
properties of semiconductor thin-films 
that have been grown in the last decade 
using MBE systems around the world. 
MBE is a slow growth technique but 
grows very good quality films and you get 
to study the properties of such films 
thoroughly. Learning this instrument has 
allowed me to study SrTiO3 under 
different circumstances. 

My contribution to the project, was to 
really learn the instruments in the lab and 
to study SrTiO3 with an O18 tracer, but as 
the summer went on I benefitted more 
from learning how to grow different 
substrates with the hMBE. This project 
impacted me greatly, because I walked in 
planning on doing one topic, but instead I 
had the opportunity to learn more about 
Thin Films, the instrument and other 
properties, instead of just one Thin Film. 



Improved Interconnectivity of Silver Metalattices

Metal metalaticces are 3D interconnecting 
nanostructures with repeating lattice length 
scales on the same order of magnitudes as the 
electron mean free path.  This allows for the 
engineering of materials with new novel 
physical properties. Silver is of interest due to 
its high electrical conductivity and plasmonic 
behavior. 

This study focused on improving the 
interconnectivity of silver deposited onto an 
ordered silica template without modifying the 
silica surface.  Our study found that using high 
pressure, confined, chemical fluid deposition 
and increasing the hydrogen gas to precursor 
ratio improved the interconnectivity.  

My summer research experience gave me insight 
into microelectronics research. Furthermore, it 
allowed me to be involved with the entire 
research and development process as well as 
develop professionally. 

Taylor Repetto, Department of Materials Science and Engineering, University of Florida
Yunzhi Liu, Dr. John Badding, Department of Chemistry, Penn State University 

Dr. Venkatraman Gopalan, Department of Materials Science and Engineering, Penn State University



Reinforcing ionic conductivity in composite 

solid electrolytes
Deyaneira Torres, Department of Chemical Engineering, University of Puerto Rico - Mayaguez

Jiamian Hu and Long-Qing Chen, Department of Materials Science and Engineering, Penn State 
University

Lithium-ion batteries are widely used in portable 

electronic devices. However, due to their safety 

hazard brought by the use of liquid electrolytes as 

their ionic conductive component, the demand for 

safer batteries has risen. Although progress has 
been made to solve this problem by replacing the 

liquid electrolyte with a solid electrolyte, the ionic 

conductivity of these solid electrolytes still needs 

improvement.

During this summer, I was able to conduct computational simulations of inorganic 

nanofillers inside a 3D composite solid electrolyte with the goal of improving battery 

performance in solid Li-ion electrolytes. The results obtained will benefit the 

development of the next generation Li-ion batteries. This research experience has 

given me insights of what a research community consists of and its crucial impact on 
society. I also learned new computational techniques which will help me advance in 

my career as a researcher and expand my horizons.



Learning to Sing: Modeling the Time Evolution 

of Bengalese Finch Song Syntax
Collin Van Son, Department of Physics, Penn State University
Dr. Dezhe Jin, Department of Physics, Penn State University

The Bengalese finch, like many songbird 
species, learns to sing by listening to the songs 
produced by older members of the species. 
Modeling birdsong syntax at different stages of 
finch adolescence helps provide insight into the 
finch’s learning process and corresponding 
neurological development. Similar methods may 
also be applied to the study of other complex 
vocalization sequences, including those found in 
human speech.

My summer research focused on constructing Partially Observed Markov Models 
(POMMs) based on birdsong recording taken when the finch in question was 3 and 6 
months old. These models helped to capture the changes in song syntax which 
occurred as the finch aged. This research experience allowed me to develop a deeper 
set of programming and problem-solving abilities, while giving me the chance to 
explore the intricacies of nature through the lens of physics.
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