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Single Electron Transistors (SETs) on SiN membranes for measuring Quantum Dots

By:
Moboluwagbe Adesanmi
NDnano (NURF)

Faculty Advisor:
Gregory Snider
Department of Electrical Engineering
College of Engineering

Other Contributors:
Istiague Rahaman

Abstract:

Single electron transistors (SETs) have the highest charge sensitivity of known detection methods, and can
be used to measure individual electrons, making them very useful as electrometers. This has led to the
development of SET based scanning probe systems. Scanning SET methods are currently intended for use
to measure composite fermion and majorana zero mode states in quantum electron droplets (QEDs)
which could be useful for the realization of fault tolerant topological quantum computing. One possible
implementation of an SET based scanning probe system involves fabricating a probe tip with SETs on a
silicon nitride (SiN) membrane to be used with an atomic force microscope. To form the membrane, 300
nm of SiN is deposited on a silicon wafer, and then the wafer is etched away from the back in patterned
areas. A finished sample is shown in the left figure where the green areas are the SiN membrane. SETs
were fabricated on separate die using electron beam lithography. Each sample had 16 die, with each die
having 20 pads leading to hundreds of SETs, so that manual measurement of each SET was a very time
intensive task. A system was set up to automate measurements using a computer-controlled custom built
switch matrix, that reduces device testing time significantly. In the best sample so far, 2 in 16 dies have
devices that show resistance values within the expected range of 10 kilo ohms to 50 mega ohms for the
devices for a yield of 12.5%. Once the fabrication processes for the SETs has been adjusted to increase the
yield, SETs can be fabricated on the SiN membranes.

Figure 1 - SiN membrane Figure 2 - SET
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A Computational Investigation into the Representation Theory of the Mapping Class Group

By:
Tomas Aguilar-Fraga
The Graduate School (SROP)

Faculty Advisor:
Nick Salter
Department of Mathematics
Saint Mary's College

Other Contributors:
Matthew Scalamandre

Abstract:

This project is a computational investigation into the representation theory of the mapping class group. Let us explain
what these terms mean, and then describe our project, below.

The Mapping Class Group

Low-dimensional topology is often concerned with surfaces. These are spatial objects that look two-dimensional on
small scales, such as the outside of a ball or the three-holed donut in Figure 1. Surfaces each have a particular genus,
that is, a way to classify them based on the number of holes they contain. A fundamental object studied in low-
dimensional geometric topology is the mapping class group. This group codifies all such symmetries that exist
between maps from a surface to itself. As an example, the mapping class group associated to the surface of genus 3
is generated by seven elements. These elements are associated to the curves shown in Figure 1 through a process
called Dehn twisting. One can ask many questions one can ask about the mapping class group, including what its
representation theory looks like.

Representation Theory

Representation theory is one lens through which we can look at objects such as the mapping class group. Essentially,
it is a method of linear approximation; through it, we are able to take a type of abstract mathematical object known
as a group (e.g. the mapping class group) and understand it through a collection of matrices with similar structure.
Since matrices are well-understood within mathematics, as well as easier to explore computationally, this is a highly
desirable goal, and a rich area of research. An example of a particular representation of an element of the group
formed by rotating a triangle can be seen in Figure 2.

This Project

The representation theory of the mapping class group is currently opaque. For ease of computation, we focus on
what turns out to be the first interesting case, that of a surface of genus 3. Through a newly developed theory of
totally symmetric sets, collections of objects which are preserved throughout groups and their representations, we
aim to narrow down possibilities for representations of the mapping class group. This mathematical technology,
paired with the mathematical computing software Sage, helps us begin to perform a census of representations of
the mapping class group, with the hope of finding new examples or else determining criteria for which no such
representations exist.

1
" [cos(1207) -sin(120")
sin(120°) cos(120°)
2 3

Figure 1: A surface of genus 3 with labelled generators for Figure 2: A representation of the rotation of a triangle.
the mapping class group (adapted from Farb-Margalit).
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Spatial Relationship Between Deviatoric Strain and Sclerostin Expression in Mechanically Loaded Bone

By:
Halle Becerra
The Graduate School (SROP)

Faculty Advisor:
Glen Niebur
Department of Aerospace and Mechanical Engineering
College of Engineering

Other Contributors:
Meghana Machireddy

Abstract:

Bone is an intricate, mechanosensitive tissue that physiologically adapts to mechanical loading. Degenerative diseases such
as osteoporosis and osteoarthritis negatively impact the adaptive processes of bone, resulting in 1.5 million fractures
annually. Treatment options are limited as research progresses to identify the specific factors prompting pathogenesis in
bone. Research indicates on a tissue level, mechanical strain applied to bone yields an increase of bone strength, while
absence of strain depresses bone formation, inhibiting the adaptation and repair processes. As such, there is a need for a
greater understanding of bone decay and regeneration on a cellular level. Three types of cells regulate bone homeostasis
and adaptation; osteoblasts, osteoclasts, osteocytes. Osteoblasts and osteoclasts form and resorb bone tissue,
respectively. Embedded in bone tissue, osteocytes (mature osteoblasts) act as mechanosensors integrating mechanical
and chemical signals to stimulate bone adaptation. Mechanical loading of trabecular bone in vitro influences the secretion
of sclerostin in osteocytes, a protein which suppresses osteoblast activity. Sclerostin is downregulated as a result of
mechanical loading, but the specific environmental factors inflecting osteocyte responses are not clearly understood.
However, spatially correlating protein expression of individual cells in bone to the mechanical environment prompts a new
methodology when evaluating osteocyte response. During normal physiological loading (i.e.walking), bone deformation
causes shear stresses along osteocyte membranes. The majority of in vivo loading occurs at ranges from 400-3,000
microstrain, while mechanical strains eliciting biological responses from osteocytes in cell culture range from 5,000-10,000
microstrain. Since bone breaks at 1,000 microstrain in vivo, there is a disconnect between cell culture and real bone. The
vertebral trabecular bone (C3,C4, or C5) of a young, female pig was prepared into eight cylindrical samples and cultured in
an in-situ bioreactor to allow controlled mechanical loading (Figure 1). Four samples were subjected to loading for 3 days,
while four remained unloaded. All samples were scanned by micro computed tomography (micro-CT SCANCO Medical),
obtaining images that were converted to 3-D finite element models (Figure 2). Following loading, slide sections were
prepared for staining to observe changes in sclerostin expression due to mechanical loading. The ratio of sclerostin positive
osteocytes to total osteocytes was manually recorded, illustrating a lower occurrence of sclerostin positive osteocytes in
loaded bone. Ultimately, a two point correlation code was used to spatially evaluate the relationship between deviatoric
strain and sclerostin expression. Findings indicate a positive correlation between deviatoric strain and sclerostin negative
osteocytes. While current treatments slow or stop bone decay, the goal is to understand suppressing sclerostin expression
and facilitate conducive methods of bone regeneration. Data revealed through these methods demonstrates the
correlation of sclerostin expression and deviatoric strain as a new factor of consideration for therapeutic research on bone
disease.

Figure 1: In situ bioreactor (metallic cylinder) holding Figure 2: 3-D Finite Element model of cylindrical
four cylindrical bone explants. Each bone sample is trabecular bone explant and cross-sectional slice
preserved with a single culture media (red liquid). modeling the deviatoric strain percentiles with color.



Adiabatic Capacitive Logic for Ultra-low Power Electronics

By:
AnnahMarie Behn
NDnano (NURF)

Faculty Advisor:
Alexei Orlov, Gregory Snider
Department of Electrical Engineering
College of Engineering

Other Contributors:
Rene Celis-Cordova

Abstract:

Energy conservation has been a long-time topic of interest in electronic circuits. Some proposed remedies
include optimizing MOSFETs to be low voltage and synchronized switch harvesting, but these solutions
require hardware externalities such as thermal regulation. Quasi-adiabatic reversible capacitive logic, a
method of energy recycling, is able to address the core of energy waste: heat dissipation. This is
accomplished through a combination of reversible logic and linear ramps in place of abrupt switching. By
utilizing this combination, pull-in and pull-out voltage change gradually instead of instantaneously,
minimizing heat dissipation as the capacitor charges.

From this concept, we researched the design and nanofabrication of electro-mechanical Adiabatic
Capacitive Logic devices. The ACL devices were designed with a voltage-controlled MEMs variable
capacitor structure, in which a cantilever was employed to make contact with the electrode. To measure
the output capacitance, we connected a transimpedance amplifier to one leg of the capacitor and applied
an AC signal to the other leg. From this application, the transimpedance amplifier signal was measured
with a lock-in amplifier reference signal 90 degrees out of phase. In several of our experiments, we
observed some changes in output capacitance close to previous simulations. This change in capacitance
was not consistent, however, because of the device’s high sensitivity to external factors. We noted
frequency-dependent output capacitance in the circuit with the lock-in amplifier and apparent changes in
parasitic capacitance with the lights being on versus off. Even so, when a voltage was applied to the input
of the devices, the physical movement of the cantilever was observable. With these ACL devices that are
fundamentally free of passive power dissipation, there is potential for more definitive output capacitance
change in future iterations.
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Devil in the Details: Facet-level Analysis Sharpens Associations Between Personality and Emotion
Regulation

By:
Carlos Benito Murga
The Graduate School (SROP)

Faculty Advisor:
David Watson
Department of Psychology
College of Arts and Letters

Other Contributors:
Claire Scott-Bacon

Abstract:

Emotion regulation (ER) has garnered considerable attention due to its role in many major forms of
psychopathology, including anxiety, depression, and borderline personality disorder. Within the last two
decades, there has been a surge in research on ER, especially regarding its association with personality.
However, most studies look at the frequency with which people utilize specific ER strategies, rather than
examine individual differences in ER ability. Moreover, most relevant research does not go beyond higher-
order domains of personality, even though studies at the level of lower-order facets would provide a
greater resolution of detail in understanding personality and its associations with other constructs. Hence,
the current study examines difficulties in ER in relation to facet-level personality traits in a diverse
community sample (N = 299). Factor analysis revealed a distinction between general ER ability and
emotional awareness. Multiple regression analyses showed that higher levels of Depression significantly
predicted greater difficulties in ER ability, whereas higher Frankness and Intellectance (i.e., creativity and
cultural appreciation) were associated with decreased difficulties in emotional awareness. These and
other findings demonstrate the benefit of examining personality at the level of facets and provide a
foundation for more detailed explorations of emotion regulation.



The Application of Neural Networks in Stellar Classification

By:
Rose Brienza, Kathleen Connick
Neuhoff Fellowship Research Grant (SMC)

Faculty Advisor:
Marwan Gebran
Department of Physics
Saint Mary's College

Abstract:

Innovations in technological capabilities and processes, as well as an associated increase of astronomical
data presents the need for a more efficient way to process this data. Deep Learning and Machine Learning
have progressed to accommodate these needs and have proven to be useful techniques to build effective
models for analysis of this new data. In this specific case, we are utilizing Neural Networks within ML/DL
to create a better system for use in stellar spectroscopy. Having already worked with Principal Component
Analysis (PCA) and Sliced Inverse Regression (SIR) as tools to process the data and having utilized
Convolutional Neural Network (CNN) to determine optimal hyperparameters, we turn our focus now to
constructing the best network architecture for the system, testing both CNN and fully connected neural
networks. We want to build the best network possible, in combination with the previously calculated
optimal hyperparameters in order to find the most efficient and accurate derivations for our desired
stellar parameters: effective temperature, surface gravity, projected equatorial rotational velocity, and
metallicity.



Wireless Microimplants for Deep Tissue Disease Monitoring and Treatment

By:
Nathan Campeau
Wireless Institute

Faculty Advisor:
Thomas O'Sullivan
Department of Electrical Engineering
College of Engineering

Other Contributors:
Alicia Wei

Abstract:

Breast cancer is the most common form of non-skin cancer in women and accounts for 15% of all female
cancer deaths. Chemotherapy is a common treatment for cancer, but due to heterogeneity and diversity
of breast cancer subtypes, some can become chemoresistant. The current process for assessing the
efficacy of chemotherapy takes a minimum of two months to get results. Furthermore, the only
intermediate monitoring that can take place is with MRI but this can only be used a limited amount due
to the use of contrast agents. Previous studies have shown that there are changes in tumor composition
and hemodynamics that can be used to predict response to chemotherapy as soon as a week after
treatment. My research focuses on making a wireless implantable sensor to identify whether
chemoresistance is occurring in breast cancer. The sensor that we are developing uses diffuse optical
spectroscopy (DOS) to measure changes in the levels of hemoglobin (Hb) and deoxyhemoglobin (HbO)
and fits within a 12-gauge biopsy needle. My specific role within this project was to develop two
interactive software packages to assist with operation and evaluation of prototype implants. The first is a
detailed graphical user interface (GUI) to operate the sensor. This GUI allows for easier modification of
parameters to change the sensitivity of the sensor and monitoring of the signal, allowing a greater
efficiency during the data collection process. The second software allows for the analysis of Monte Carlo
probability distribution simulations to predict how photons absorb or scatter through environments — in
this case simulating how the sensor will respond to changes in breast tumors. These simulations predict
the photon paths through 3D space. This program for analyzing the simulation results compiles and
displays the data in easily interpretable graphical representations of the data. These simulations allow for
better understanding of the expected behavior and depth of sensitivity of the sensor and, with better
representations of these simulations, we are able to quantify the volume of the tumor that is probed by
the sensor.
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A Lineage of Alienation: The Impact of Surveillance System Avoidance on Education Attainment of
Children of Undocumented Immigrants in the United States

By:
Lesly Chavez-Valencia
The Graduate School (SROP)

Faculty Advisor:
Anna Haskins
Department of Sociology
College of Arts and Letters

Other Contributors:
Maura Kraemer

Abstract:

Undocumented immigrants and their families interact with social institutions differently as a result of the
threat of deportation. For instance, adult children of undocumented immigrants may avoid social
institutions that maintain formal records ("surveilling institutions") because these institutions may put
their families at risk of deportation. To have an undocumented immigration status signifies that the
individual does not have legal permission to be in the country and is subject to deportation proceedings
at any point. Social institutions refer to facilities that heighten anxiety for undocumented individuals in
fear of exposure of their immigration status (Capps and Fortuny 2006). In Sociology, the term
“multigenerational punishment” has been coined to conceptualize the unique way in which sanction
intended for undocumented communities transpires and negatively impacts those not targeted (Enriquez
2015). With schools being a key example of social institutions, it is important to understand how this
avoidance impacts education attainment for the children of immigrants. Using intergenerational data
from the Immigration and Intergenerational Mobility in Metropolitan Los Angeles survey, this project aims
to examine the relationship between immigrant parents’ legal status and their adult children’s
institutional participation. In addition, a cross-comparison looking at interaction with systems like
immigration and the criminal justice system is considered. Results indicate children of immigrants are
more likely to avoid surveilling institutions than those participants with parents with citizenship. Findings
suggest that children of undocumented immigrants systematically disengage from surveillance
institutions out of fear for their own or family’s deportation. This system avoidance has long-term
consequences when considering education attainment and economic mobility.
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Magnetic Nanoporous Membrane for Exosomal PDL1 Capture and Characterization

By:
Mary Chen
Chemical and Biomolecular Engineering (CBE)

Faculty Advisor:
Hsueh-Chia Chang
Department of Chemical and Biomolecular Engineering
College of Engineering

Other Contributors:
Chenguang Zhang

Abstract:

The interaction of programmed cell death 1 ligand 1 (PDL1) with its receptor programmed cell death 1
(PD1) is an effective target of cancer immunotherapy. PDL1 can be found in tumor cells but also in soluble
or extracellular forms, including in exosomes produced by the endocytic pathway. Recent studies have
discovered the role of exosomal PDL1 and its importance as a molecular biomarker for tumor progression
and for a predictive response to immunotherapy. However, exosomal PDL1 must be isolated from their
soluble counterparts to yield a viable liquid biopsy assay. If this can be achieved, more sensitive and
selective detection of specific molecular biomarkers from tumor cells can be attained by assaying the
captured exosomes, despite the heterogeneous nature of physiological fluids. We are developing such a
new micro/nanofluidic isolation technology to enable high-yield selective extraction of exosomes solely
from cancer cells. It is part of an integrated microfluidic platform that allows robust and highly accurate
guantification of a panel of biomarkers from the isolated exosomes. Using our magnetic hanoporous
membrane (MNM) to capture superparamagnetic nanobeads with anti-PDL1 antibodies, we aim to isolate
PDL1 exosomes and interrogate their miRNA cargoes. We will perform a comparison between PDL1-
wildtype and PDL1-knockout cell lines to account for the role of PDL1 in actively sorting miRNA into
exosomes and to assess the biological function of miRNA. The ability to perform a liquid biopsy with
physiological fluids non-invasively and frequently to detect and quantify exosomal molecular markers that
are exclusively from tumor cells, would significantly improve cancer survival rates via early screening and
therapy management.
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Who Chooses the Greater Good vs. Lesser Evil: Applying Regulatory Focus Theory to Diversity
Advocacy

By:
Michelle Cho
Mendoza College of Business

Faculty Advisor:
Jason Colquitt
Department of Management and Organization
Mendoza College of Business

Abstract:

Although organizations have increasingly prioritized diversity, equity, and inclusion (DEIl) efforts,
individuals vary in their willingness to support such initiatives, which may stem from differing motivational
orientations. Drawing from regulatory focus theory (RFT; Higgins, 1997), | hypothesize that members of
majority groups (i.e. men with respect to gender and white people with respect to race) tend to adopt a
prevention focus toward DEl initiatives, primarily aiming to avoid negative outcomes (e.g. prejudice and
discrimination), while members of minoritized groups tend to adopt a promotion focus, prioritizing efforts
which proactively seek positive outcomes (e.g. inclusion and representation). | administered an online
survey via Prolific Academic to measure the extent to which individuals of different minority status
adopted a prevention or a promotion focus and engaged in related promotion- or prevention-focused
diversity advocacy behavior. Results from a 2x2 ANOVA showed that members of minoritized groups
demonstrated greater promotion focus than members of majority groups, supporting the hypothesis
regarding promotion focus. Contrary to expectations regarding prevention focus, however, women
(members of the minoritized group with respect to gender) demonstrated more prevention focus than
men, while there was no significant difference in prevention focus with respect to race. Results from path
analyses reveal that differing regulatory states influenced willingness to engage in promotion- and
prevention-focused diversity advocacy behaviors. This model contributes a new connection between RFT
and diversity advocacy and provides implications for organizations that want to improve their DEI policies.
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Squeezing Light Energy into Small Volumes using Gold Nanoparticles

By:
Ana Corcoran
NDnano (NURF)

Faculty Advisor:
Svetlana Neretina
Department of Aerospace and Mechanical Engineering
College of Engineering

Other Contributors:
Walker Tuff

Abstract:

Gold nanoparticles (AuNPs) demonstrate size-dependent physiochemical properties that make them
useful for a wide variety of applications such as catalysis and sensing. As the distance between two AuNPs
decreases to < 5 nm, the electrons in the AuNPs begin to couple with one another when exposed to light
such that the localized surface plasmon resonance of the AuNPs now oscillate in unison. This coupling
effect leads to a dramatic increase in the electric field within the space between the AuNPs, called a
nanogap, leading to a greater electric field enhancement effect when compared to a standalone
plasmonic nanoparticle. Nanogaps were produced using two types of AuNPs (i) substrate-immobilized
AuNPs and (ii) colloidal AuNPs. The substrate-immobilized AuNPs were fabricated through a solid-state
dewetting process whereby a 11.5 nm Au film was deposited on a (0001)-oriented sapphire substrate and
heated to 1000 °C in a tube furnace. The colloidal AuNPs were synthesized using trisodium citrate (NaCA)
as a capping agent. These structures were formed using a synthesis that was a variation of the Turkevich
method which entailed the addition of a NaCA solution to a hydrogen tetrachoroaurate (HAuCl4) solution
upon boiling. Sequential growths are then used to increase the AuNPs size using a syringe pump to ensure
the slow and controlled addition of NaCA and HAuCl4. The nanogaps were formed by submerging the
substrate-immobilized AuNPs into a 0.1 mM solution of 1,8-octanedithiol followed by submerging the
substrate-immobilized AuNPs into a suspension of AuNPs. This process produced a large substrate-
immobilized AuNPs with smaller AuNPs attached across the nanostructure. Results showed that as the
size of the colloidal AuNPs grew, it became more difficult to attach them to the substrate-immobilized
AuNPs. Further work is needed to attach AuNPs that are larger than ~15 nm. This can be achieved by using
different capping agents such as hexadecyl trimethyl-ammonium bromide or hexadecyl trimethyl-
ammonium chloride since these new capping agents provide a positive surface charge to the AuNPs
whereas the NaCA provides a negative charge.
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Self Views and World Views: A Conceptual and Empirical Comparison

By:
Jocelyn Covarrubias
The Graduate School (SROP)

Faculty Advisor:
Gerald Haeffel
Department of Psychology
College of Arts and Letters

Abstract:

Humans seek to understand why things happen in their lives (e.g., why did my friend stop talking to me?).
Understanding the causes of life events enables humans to make sense of the world and predict future
events. These causal explanations are attributions (Kelley, 1967; Weiner, 1972). Research shows there is
wide variability in the kinds of attributions that people make about events in their world, particularly
stressful events (Abramson et al., 1989; Beck, 1967), and these differences lead to different moods and
behaviors (Baumgardner et al., 1986; Haeffel et al., 2008).

To date, most research on causal attributions has focused on self-attributions (i.e., inferences about the
person as an individual). According to Beck’s theory (1967) and the hopelessness theory (Abramson et al.,
1989), individual differences in self-attributions about stressful events determine the risk for depression.
These theories state that some people have a “cognitive vulnerability,” which is the tendency to generate
interpretations of stress that have overly negative implications for one’s self-worth and future. Each
theory has garnered a compelling body of empirical support (see Haeffel et al., 2008 for review). However,
an emerging body of research indicates that people’s world views also influence their mood and well-
being. According to this work, people hold world views called “primals,” which are beliefs about the
world’s character as a whole such as the world is good (vs. bad). It is unclear how these new world-view
constructs relate to the traditionally studied self-views, as found in Beck’s theory and hopelessness theory
(e.g., are world-views a new idea or “old wine in a new bottle”?).

The purpose of this research study is to fill this gap in the literature. Specifically, it will examine the
conceptual, empirical, and predictive validity of self-views and world-views. The study will use a five-time
point design with two components. The first component will examine short-term changes at one day,
three days, and seven days in mood, self-views, and world-views. Then, the second component will
examine the long-term stability and predictive validity of these constructs over three months. Participants
will be 400 adults representing Black (n = 100), White (n = 100), Latino/Hispanic (n = 100), and Asian (n =
100) populations. The outcomes of interest are depression, anxiety, wellness, and life satisfaction. We
hypothesize that self and world-views will be weakly associated, and all constructs will be normally
distributed and stable over time. Further, world-views will be associated with wellness and life
satisfaction, whereas self-views will be associated with depression and anxiety. In addition, we
hypothesize that positive world-views will exacerbate depressive symptoms in the presence of cognitive
vulnerability because of the discrepancy between a good world and negative self-views. Lastly, we
hypothesize that results will be generalized across race, age, and gender in Western samples. Results will
have important implications for attribution theory and cognitive theories of depression.
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Abstract:

As technology develops, the need for safer, more eco-friendly energy sources and storage are increasingly
necessary. Lithium-ion batteries work to address the need by providing a long-lasting, rechargeable
energy storage option. Lithium-ion batteries have a high energy density and voltage discharge and a long
lifespan due to a low self-discharge rate. This makes them ideal for technologies that require a greater
rechargeable energy source. They are also very portable and require minimal maintenance. New age
lithium-ion batteries aim to increase safety and positive environmental impact. The key difference in these
upgraded batteries is the solid electrolyte which would replace the flammable liquid. The solid electrolyte
would be easier to dispose of, take up less space, and be safer for users of devices containing these
batteries. Composite polymer electrolytes with inorganic particles are among the most promising solid
electrolytes. Poly(propylene carbonate) (PPC) is a biodegradable polymer with great surface contact with
electrodes and oxidative stability. Due to its soft nature when plasticized with lithium salt, other polymers
like poly(ethylene glycol) diacrylate (PEGDA), perfluoropolyether diacrylate (PFPEDA), or
polydimethylsiloxane diacrylate (PDMSDA) were crosslinked with the PPC to create a dimensional stability
and increase its mechanical strength. Inorganic particles like Li6.4La3Zr1.4Ta0.6012 (LLZTO) were also
added to improve the conductivity and mechanical properties of the electrolytes. The thermal and ion
transport properties of these composite samples were investigated using differential scanning calorimetry
(DSC) and Raman spectroscopy respectively. These were used to evaluate the DC conductivity data
derived using dielectric spectroscopy. Data was collected for 20, 50, 80, and 100 wt% PPC of the total
polymer mass with PEGDA, and 80 wt% of the total polymer mass with PDMSDA and PFPEDA. LLZTO
particles were also added to a duplicate of each of the previous samples at 25 wt% of the total sample.
The LLZTO particles greatly decreased the stretchy plastic properties of the electrolytes. More specifically,
it caused the samples with PPC and PEGDA to become leatherier, and it caused the sample with PDMSDA
to become brittle and untestable. In the sample with PFPEDA, however, the electrolyte became soft. The
PDMSDA and PFPEDA samples had very inconsistent conductivity measurements suggesting that the
polymer matrices aren’t homogeneous. Also, the addition of the 25 wt% particles didn’t consistently
increase the conductivity in the electrolytes.
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Abstract:

Indocyanine green (ICG) was first synthesized during World War |l as a dye for color imaging by the Kodak
Photographic Company. Later in 1959, the use of the dye in the medical field was approved by FDA and it
was mainly used to assess hepatic function using fluorescence imaging. Another of its many uses is to help
determine cardiac output and blood flow in the liver. It is also used extensively to diagnose problems in
blood and blood vessels 2. ICG became a significant clinical indicator in modern medicine due to its simple
application, low toxicity, and non-radioactive properties 2. In recent years its application advanced into
the field of oncology to easily identify tumors using fluorescence imaging, which has granted detection
rates succeeding that of other contemporary procedures. Hence, utilizing existing intraoperative and
interventional visualization with ICG holds substantial potential to create novel imaging procedures which
could expand or replace known surgical techniques. On the other hand, photostability, concentration
dependent aggregation and a short half-life have been ubiquitous problems posed by this dye.

I've studied commercially available ICG, and several analog molecules synthesized in the Smith Lab for
their applicability in biological imaging under two objectives. For ICG (100 mM), logP, has been measured
to be 1.81 with a phosphate buffer (pH 7.4) as the aqueous phase but it’s not a consistent value according
to many reports. For objective (1), I've studied the ICG concentration dependency of the logP values for
partitioning between 1-octanol and aqueous buffer phases. Testing with various concentrations (1-100
uM) shows variations of logP values for ICG from 0.9-2.0. Furthermore, Smith lab reported readily transfer
of ICG from fluid phase liposomes to bovine serum albumin (BSA). In light, | further studied the BSA
influence of ICG partitioning on 1-octanol and aqueous buffer phases. For all test concentrations, presence
of BSA substantially reduced the logP values (0.3-0.5) indicating ICG transfer to BSA. Smith lab also has
synthesized a fluorophore called IR820-4TEG. It is a “shielded” heptamethine cyanine dye with a C-C
bonded 4’-aryl ring which provides steric protection to the ICG structure in the core of the molecule. This
in turn reduces the concentration dependent aggregation observed on ICG, decreases the albumin binding
capacity and it improves its overall stability and photostability. For objective (2), I've studied the
localization and the dynamics of this hydrophilic ICG analog on membranes using a light triggered calcein
leakage assay compared ICG. Using time dependent light irradiation studies, a lipophilic localization for
ICG was identified while IR820-4TEG indicated a hydrophilic localization.
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Abstract:

Surface free energy is considered to be a quantification of the excess energy at the surface of a material,
and it is often calculated from the measurement of the contact angle of a sessile droplet on a solid surface.
The research detailed in this presentation used the Owens, Wendt, Rabel and Kaelble (OWRK) method,
which uses information about the surface tension (polar and dispersive parts) alongside the contact angle
of various known liquids to determine the surface energy. This method is frequently computed using a
plot whose slope gives the polar component of the solid surface energy and the vertical intercept gives
the dispersive component of the solid surface energy. The sum of these two components results in the
total surface energy of the solid. There exists a known relationship between the water contact angle and
the surface energy of a solid, such that a low contact angle suggests a high surface energy. Additionally,
contact angles less than 90° signify hydrophilic surfaces, contact angles greater than 90° signify
hydrophobic surfaces, and contact angles greater than 150° signify superhydrophobic surfaces.
Superhydrophobic surfaces, like Lotus leaves, exist in nature and act as inspiration for industrial use. Their
ability to wick water off of their surfaces at contact angles of greater than 160° suggests that these surface
characteristics can be scientifically replicated in different environments. One aim of this research is to
examine the wetting behaviors of the 4 categories of surface texturing: LIPSS, random nanostructures,
mounds and hills, and damaged microlayers. Images from a scanning electron microscope (SEM) will
provide visualizations of the laser textured surfaces and images from an optical contact angle goniometer
will display the wetting behaviors of sessile droplets on these surfaces. The objective of this work is to use
ultrafast laser texturing techniques with a femtosecond laser to examine the relationship between surface
characteristics and surface energy and learn to control the interactions between surfaces and certain
liguids. Understanding wetting behaviors is beneficial because it allows us to find relationships between
variables, such as that between surface energy and wettability, surface energy and input parameters, and
input parameters and liquid behaviors. This is useful in industrial applications where it is necessary to
guide liquid away from electronics using hydrophobic channels or finding an ideal interface for
increased/decreased adhesion. Liquid wets surfaces in a few ways including that described by the Wenzel
model, which describes a surface which has rough structures and is penetrable by liquid droplets, and the
Cassie-Baxter model which describes a surface which isn’t penetrable by liquid due to the air trapped in
rough structures of the surface.
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Abstract:

Nafion films have continued to gain attention due to their applications in electrolysis and
photoelectrolysis. The Nafion matrix offers an excellent opportunity to embed a photocatalyst such
AglInS2 among others. AgInS2 has shown promising syntheses via cation exchange, a process that can be
done within the Nafion matrix. AgInS2 was chosen as it does not contain heavy metal ions and
demonstrates excellent photocatalytic properties. These photocatalytic properties will be utilized to
harness light energy to create chemical energy via H2 generation. H2 generation has shown significant
strides as increasingly efficient for light energy utilization and is an area of study found to be incredibly
worthwhile by the Kamat Lab.

AgInS2 loading via cation exchange occurs via loading In3+ into the Nafion. The film is then washed and
placed in a solution of Thioacetamide (TAA) and heated. This forms In2S3 inside the Nafion. After this, the
film is heated, sonicated and washed to remove excess salts or In253 molecules stuck to but not inside,
the Nafion. After the washing, the film is then exposed to differing concentrations (by varying durations
of Ag+ ions exposure) to load differing ratios of Silver:Indium and create photocatalytically different films.
The films is placed in an H-Cell with a 4-Nitrophenol to measure reduction rates and electron transfer.

Scheme
5 < 5
(— — =) =)
wash wash
Washed Nafion 0.5 M In3* 0.5 M TAA 0.01 M Ag* Nafion-AgInS,

Duration: 2hr. Duration: 2 hr. Duration: 10-150 sec.
Room Temp. 70°C Room Temp.
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Abstract:

Metal oxide semiconductors (MQOS) gas sensors can be very useful in various applications including air
pollutants and toxic industrial chemicals detection and breath analyzers. However, these devices need
further development to improve their sensing performance (e.g., sensitivity, response and recovery time,
accuracy, etc). Among different metal oxide sensing materials, tungsten trioxide (WO3) is low-cost, highly
stable, sensitive, and acceptable selectivity. Synthesizing heterojunctions by combining two dissimilar
sensing materials, it is hypothesized that the sensing performance can be significantly improved.

This research encompasses the controlled synthesis of heterojunctions and their application toward high-
performance gas sensors. Various noble metals (e.g., Au, Pt, Ag, ---) doped Metal Oxide semiconductors
(MOS) nanofibers were synthesized using the electrospinning method followed by thermal treatment. A
polymeric solution containing tungsten and different p-type semiconductor precursors was prepared to
be electrospun, resulting in the formation of MOS heterostructures nanofibers with diameters between
88nm-140nm and crystallite size between 17nm- 23nm. MOS Nanofibers were calcined to burn out the
polymer and assist in the formation of metal oxides. Nanofibers exhibit large surface to volume ratio, high
porosity and defects sites which promotes the enhancement of sensitivity. By introducing noble metal as
dopants, we improved the selectivity and reduced the response and recovery time by the proceeding
changes of microstructure and morphology, oxygen vacancies and the formation of stoichiometric
solution in the MOS sensing material. Furthermore, noble metals acts like catalyst by lowering the
activation energy which promotes the reaction rate. Materials properties were characterized by XRD,
TEM, UV-Vis and PL.
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Abstract:

When glucose levels are low in the body (hypoglycemia), the healthy pancreas releases glucagon which
functions to elevate blood glucose levels (BGLs) back to normal. In contrast, diabetic individuals typically
have dysfunctional glucagon signaling and may experience dangerously low blood glucose episodes that
can result in coma or even death. Upon a severe event, exogenous glucagon is used as a form of
emergency treatment for hypoglycemia rescue. Exogenous glucagon must be self-administered or
administered by a caregiver, and has a tendency to fibrillate and become inactive shortly after dissolving.
Previous studies have found that modifying glucagon with cysteine and then attaching a sugar moiety
decreases fibrillation and improves stability. However, this modified glucagon would still require self-
administration. This is concerning since a diabetic individual may be sleeping or under impaired
consciousness when experiencing a hypoglycemic episode. To tackle this problem, we are working on a
glucose responsive prodrug as a preventative strategy for hypoglycemia rescue. The ideal prodrug would
be insoluble and inert when glucose levels are normal, yet active and functional when a sudden drop of
BGLs occurs. In the design of the prodrug, natural glucagon would be modified with some glucose-sensing
functionality to make the glucagon glucose-responsive, stable, and reduce its tendency for fibrillation.
This study compares glucose responsiveness in varying glucose concentrations that span from hypo- to
hyper- conditions. Zeta potential measurements and turbidity tests suggest the solubility of the prodrug
is glucose responsive. However, further improvement must be made to increase sensitivity and ensure
function. Future work thus will seek to improve glucose responsiveness and determine its efficacy in
diabetic mice under severe hypoglycemia.
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Abstract:

Secondary metabolites in fungi have three main ecological functions: protection against
predation, communication with other mushrooms, and assistance in pathogenic interactions.
These compounds have also led to the common use of mushrooms as food and in traditional
Chinese or other medicine applications. However, there are currently few good resources for
identifying mushroom species in this region. In addition, limited research exists on secondary
metabolites in mushrooms. The objective of this research was thus to create a mushroom
identification guide for Saint Mary’s College and conduct preliminary research on the secondary
metabolites of these local species. Fungal specimens were collected at the Saint Mary’s Nature
area and other wooded areas on campus. Specimens were photographed throughout the year.
Summer species were collected, then dried at 60°C and ground into a fine powder. Secondary
metabolites were extracted from dried samples with methanol, then analyzed using gas
chromatography/mass spectrometry. Twenty-three species were identified in total, 14 of which
were chemically analyzed. Data analysis focused on four samples of Cerioporus squamosus. The
two specimens found in the Nature Area had a larger number of chemical compounds within
each sample, while the two found on main campus were dominated by just a few compounds.
Future steps include processing GCMS data from non-Cerioporus squamosus specimens to
determine the secondary metabolites that are present and continued identification work to
determine a fuller picture of the diversity of mushroom species on campus.
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Abstract:

Often when gold is brought up in conversation, it is usually spoken for its ability to show economic value.
Rarely is it spoken for its physicochemical properties as a noble metal even though this is one of the
reasons why electronic devices can operate to such a high standard. The problem with the gold films in
electronics is that they are granular, and their surfaces are rough and irregular. While thin granular gold
films are abundant in the modern world, research into the synthesis of large-area single-crystal gold films
is scarce. Such films would, however, offer atomically flat surfaces, higher molecular stability when
heated, a higher stability in laser applications, and allow for other crystalline materials to be deposited on
its surface. This work aims to test the hypothesis of forming a nanometer-scale gold seed on the substrate
surface, placing it in a growth solution containing gold ions, wherein, over time, the nanoparticle grows
laterally to form a perfect thin film hundreds of micrometers in diameter. Some problems encountered
when synthesizing such films involved a lot of spontaneous nucleation occurring both on the glass
substrate and in the solution. Both events used up significant amounts of gold ions and coupled with the
slow growth rate, hindered the ability for the successful microplate growth. Successful results came by
employing sample holders that invert the sample in the solution as well as a substrate treatment process
prior to synthesis. Current experiments aim to test whether changing the ratio of reactants or introducing
heat to the synthesis will improve the growth rate of the microflakes. Further refinement to the
production process could lead to applications in biosensors, photovoltaic devices, and catalysis.
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Abstract:

Resilience is a concept of much interest and attention in current studies documenting negative
ACE outcomes. Most studies, however, focus on individual characteristics that reflect resilient
traits. Fewer studies have focused on the contextual factors that can lead to the development of
resilience in individuals. Studies that have looked at contextual influences document social
support as a protective factor but do not generally test the ways in which social support is
connected to resilience. Studies also rarely disaggregate the type of social support present in
participants' lives. This study aims to deepen the understanding of resilience in relation to ACEs
as well as observe the associations of different kinds of social support with resilience. Our study
includes 101 low-income pregnant women who were administered questionnaires at their local
WIC office as part of a community-centered research project. We used data from the ACE
Questionnaire, the Resilience Research Centre Adult Resilience Measure, and a question that
asked participants to report up to 10 important people in their lives. Our first hypothesis stated
that individuals with more ACEs will have lower levels of resilience. Second, we hypothesized that
by differentiating between friends, family, and partners, social support would be positively
associated with personal resilience and social skills, with a particularly strong influence of support
from family. Lastly, we hypothesized that social support would moderate the relationship
between ACEs and resilience, meaning high overall social support would be positively associated
with ACEs and resilience, and low overall social support would negatively be associated with both
ACEs and resilience. We used linear regression analyses to test our hypotheses and found all
hypotheses null. While these results do not report social support as a separate predictor for
resilience, it does bring up an interesting question about how we define resilience in general
research. When we included relational components of resilience in the data, we then saw a
significant association between ACEs and resilience, which supports relational contexts as
important for a comprehensive understanding of resilience following adversity.
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Abstract:

Over the past four decades, drug deaths rates have increased by more than 900% in the United States,
claiming over 100,000 lives in 2021. This drug crisis has been particularly devastating for low educated
males, as men without a high school diploma have death rates that are six times than the same rate for
men with a college degree. While much research on the drug crisis focuses on the causes and policy
responses to them, effects of the drug epidemic demand our concern as we seek to attenuate the lasting
consequences of the crisis.

One of these effects of the drug crisis might be found in the labor market—a noticeable trend that has
arisen concurrently with the significant increase in drug deaths has been a declining labor force
participation among men, particularly those that are less educated. Some such as Krueger (2017) argue
these changes in labor market participation in males are driven primarily by the opioid epidemic and its
outsized effect on this demographic group (Kreuger, 2017).

This research seeks to quantify how much the changes in drug usage and dependance explains the
decreasing labor force participation rate among low educated males. We conducted this research by using
data from the Integrated Public Use Microdata Series Current Population Survey (IPUMS CPS) to generate
regressions of labor force participation on drug usage/dependence controlling for demographic
characteristics from 1980-2020 and by groups of educational attainment; and by graphically comparing
the differences in drug usage and labor force participation over time.
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Abstract:

The growing industry of shale gas has opened new possibilities for a bridge into a sustainable future.
Polyoxometalates (POMs) are polyatomic ions with unique molecular structures which consist of internal
heteroatoms surrounded by addenda metal oxides. POMs can be tailored to bear isolated active sites on
vacancy formed within their structures. These isolated active sites can be applied to catalyze various types
of reactions. To characterize the formation of vacant defects on POM structures, Fourier Transform
Infrared Spectrometry (FTIR) has been a useful technique to observe perturbation of molecular bonding
features. In this study, we used Density-Functional Theory (DFT) to calculate and characterize the infrared
(IR) spectra of various POM derivatives. Density-Functional Theory (DFT) is a computational method that
uses quantum mechanical modeling to characterize molecules. This study was done with the Center for
Innovative and Strategic Transformation of Alkane Resources (CISTAR) in order to understand the
processes of catalysis and IR spectroscopy and research was done both computationally on software and
experimentally in the lab. We compared the results and found that the results both experimentally and
computationally were similar, the only discrepancies were due to the differences in actual methods.
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Abstract:

As shale resources become increasingly prominent in the energy economy, technologies to efficiently
convert light alkanes, which compose a significant portion of shale resources into liquid fuel and value-
added chemicals on site, are needed. The Center for Innovative and Strategic Transformation of Alkane
Resources (CISTAR) was established to develop a modularized system that can effectively achieve this
task. Among many technological steps involved in this unit, the catalytic coupling of light olefins, produced
from the dehydrogenation of light alkanes, into heavier oligomers is a crucial process. Polyoxometalates
(POMs) which bear single Ni active sites on lacunary defects of their anionic structures have been
proposed as promising catalysts for the conversion of light olefins such as ethylene to butenes (Cho,
Ethylene oligomerization on Ni2+ single sites within lacunary defects of Wells Dawson polyoxometalates,
2021). To confirm the successful synthesis of these materials, various material characterization techniques
such as Fourier transform infrared spectrometry (FTIR), nuclear magnetic resonance spectrometry (NMR),
single crystal x-ray diffraction (XRD) have been utilized. Among them, FTIR is an important technique to
speciate vibrations of characteristic molecular bondings. In order to understand and study Ni-substituted
POMs in detail, computer models and experimental procedures were completed to predict and
characterize the molecular bondings of POM structures. Using the software WebMO and Orca, the
structures of an alpha POM, lacunary POM, and nickel POM were formed and optimized. Through Orca,
their vibration spectra were compiled and modeled. This data was then compared to experimental FTIR
spectra of the aforementioned samples. The measurements taken allowed for a more detailed
understanding of the structures and identifying characteristics of these POMs.
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Abstract:

Non-thermal plasmas (NTPs) produce highly reactive chemical environments made up of electrons, ions,
radicals, and vibrationally excited molecules. These reactive species, when combined with catalysts, can
help drive thermodynamically unfavorable chemical reactions at low temperatures and atmospheric
pressure. We are particularly interested in the direct coupling of light hydrocarbons (e.g., methane) and
nitrogen to produce value-added liquid chemicals (e.g., pyrrole and pyridine) in a plasma-assisted catalytic
process. In order to effectively create these plasma catalytic systems, it is imperative that there is a
fundamental understanding of the plasma-phase chemistry alone. While there have been many studies
on plasmas, there is limited understanding on how changing operating conditions (i.e., feed ratio, plasma
power, operating temperature) affect the plasma properties and ensuing plasma chemistry. In this work,
we generate nitrogen (N2) and methane (CH4), argon (Ar) and methane, and helium (He) and methane
plasmas to understand the effects of varying plasma parameters and gas compositions on product
formation. Relevant electrical measurements such as the number of filaments, average current per
filament, as well as areal fraction are studied to better understand the processes behind methane
conversion. Our findings show an inhibition of methane conversion with an increase in temperature,
which seems independent of gas composition due to similar trends in the plasma properties in all three
gas mixtures.
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Abstract:

Polymer membranes used for gas separation have become a promising method for energy-efficient
separation of gases. Thousands of polymers exist that can potentially be used for gas separation, and
scientists simply do not have the time explore every option. To solve this problem, machine learning
algorithms were trained to predict the separation performance of polymers. In this collaborative project
between the MONSTER and Guo labs, three of the predicted polymers were chosen based on outstanding
performance. Although these algorithms predict the performance of the polymers, it does not consider
their ease of synthesis, and there is need to experimentally validate these computational models. In this
aspect of the project, poly 1,3,4-oxadiazole-imide (POXI) is being investigated, it has a rigid structure as
well as its excellent chemical and thermo-oxidative stability, which makes it exceptional for gas
separation. POXI is commonly prepared via a two-step reaction; the first step involves low temperature
polycondensation between diacid chloride and dihydrazide to obtain poly hydrazide amide imide (PHAI)
while the second step involves the cyclodehydration of the PHAI to POXI. The cyclodehydration reaction
could be done either by heating in solid state, in solution (with strong dehydration or silylation reagents),
or with the use of microwave radiation. The polymers were characterized mainly by 1H NMR, FTIR, DSC
and TGA to confirm desired products were achieved at each reaction step. To evaluate the gas separation
performance, a flexible thin film is prepared from the final polymer and then inserted into the permeation
cells, however, due to the brittle nature of the POXI, flexible films aren’t obtained still, and the gas
separation performance is yet to be evaluated. Therefore, the polycondensation and the cyclodehydration
method is being further tuned to obtain high molecular weight and thin flexible films.
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Abstract:

Leishmaniasis is a neglected tropical disease caused by the protozoan parasites Leishmania spp., which
affects ~1.2M people annually in over 90 countries. Chemotherapeutics currently used for treatment are
limited by disease resistance, off-target toxicity, and low aqueous solubility. Gold nanoparticles (Au NPs)
have been explored as a drug delivery system due to advantages of hydrophilicity, low cytotoxicity, facile
synthesis, and ease of surface modification. Therefore, the objective of this study was to investigate
amphiphilic gold nanoparticles (AuNPs) as an efficient vehicle for targeted delivery of hydrophobic small
molecule chemotherapeutics for antileishmanial treatment.

AuNPs, ~13 nm in diameter, were prepared by the citrate reduction method and surface functionalized
with 11-mercaptoundecanoic acid to create amphiphilic AuNPs. A novel hydrophobic drug, 1,4-diaryl-
pyrazolo-pyridinone was noncovalently loaded within hydrophobic pockets near the surface of
amphiphilic AuNPs after 24 hours stirring. The drug loading efficiency was 90-97% over a range AuNP
concentrations corresponding to ~0.8 mM drug per mM AuNPs. Drug release in media modeling
conditions within parasites (PBS pH 5.6) was sustained for at least a week after an initial burst of <20% of
the total dose. In more hydrophobic media (DMSO), a greater initial burst and overall release was
observed, as expected. Efficient drug loading and sustained release in a physiologically relevant media
suggest that amphiphilic AuNPs are promising carriers for hydrophobic drugs.

The amphiphilic AuNPs exhibited negligible toxicity to THP-1 macrophages for up to 68 UM concentration
using MTT and CellTiter-Blue cell viability assays with 0.1-1710 uM NPs for 48 hours. The antileishmanial
effect of drug-loaded AuNPs was assess against mCherry L. donovani promastigotes. The 50% inhibitory
concentration (IC50) of drug-loaded AuNPs and the drug alone, was determined to be 5.08 UM and 6.92
UM, respectively, using CellTiter-Blue cell viability assay with up to 463 uM NPs for 48 hours. Taken
together, these results suggest that amphiphilic AuNPs may be an effective drug delivery system for
hydrophobic drugs in the treatment of leishmaniasis by enabling efficient delivery of hydrophobic drugs,
negligible off-target cytotoxicity, and potency against leishmania promastigotes.
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Abstract:

Lead-halide perovskites are materials that show promising trends for future semiconductor research and
applications. The bulk of this research has focused on three-dimensional perovskites, which now have
power conversion efficiencies similar to the best silicon solar cells. However, the limited composition
possibilities and moisture instability of the 3D structure present challenges for its further utilization. Two-
dimensional lead-halide perovskites solve these problems through organic cations that act as spacers
between perovskite layers. These 2D perovskites also have a unique property of bandgap tunability,
where the wavelength at which they absorb light can be adjusted by altering the number of 2D layers or
the halide composition. Tunable bandgaps are essential to applications in tandem solar cells, as the
efficiency of the device can be greatly improved by layering materials with different bandgaps.

The photostability of lead-halide perovskites is vital for its use in light harvesting devices. This work seeks
to discover the properties of the colloidal two-dimensional lead-halide mixed halide perovskites under
photoirradiation. We employed 2D lead-halide perovskite with butylammonium and octylammonium as
organic spacer cation and methylammonium as the A-site cation (A-site cation for n=2 perovskites).
Preliminary studies show that n=1 mixed bromide iodide perovskites undergo phase segregation when
photoirradiated, forming n=1 bromide perovskite. This suggests that the iodide is being expelled from the
mixed perovskite and is photodegraded with continuous exposure of light. In dual layer (n = 2) 2D colloids,
phase segregation does occur, as the irradiation of the mixed perovskite causes the formation of n = 2
lead bromide, and the recovery of mixed perovskites was observed when the solution is kept in dark.
Absorption and photoluminescence measurements were employed to study these properties.
Interestingly, pure iodide perovskite was not observed in absorbance measurements after segregation,
but a new induced absorption was observed around 350 nm, indicating formation of an iodide complex.
The kinetics of segregation and recombination can be further explored to suggest explanations behind
their unique properties.

Research into perovskite films suggests that the spacer cation also plays an important role in the phase
segregation of the 2D perovskite. Future research into phenethylammonium and other organic cations
will reveal further insights into the characteristics of the phase segregation. Future work will also examine
the properties of more varied ratios of the mixed halide, with a look toward preparing 2D colloidal
perovskites that run the gamut of available bandgaps for light harvesting applications.
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Abstract:

Trifluoromethylation is a prominent topic in the field of organic chemistry due to the abundance of the
trifluoromethyl motif in pharmaceuticals and agrochemicals. The presence of these motifs result in
heightened bio-reactivity and lipophilicity for the compounds, making the addition of trifluoromethyl
groups to organic molecules an important synthetic endeavor. The goal of this project is to develop a
synthetic method to bond a trifluoromethyl group to different heteroatoms through a copper-mediated
process. Various alcohols and amines were chosen as initial substrates including aromatic alcohols and
primary, secondary, and aromatic amines. A trifluoromethyl copper reagent, CulCF3, was first synthesized
at room temperature using copper (l) chloride, potassium tert-butoxide, and 2,2,2-
trifluoroacetophenone. The CulCF3 reagent was then reacted with the alcohols and amines under reaction
conditions in an attempt to form the trifluoromethyl ethers and trifluoromethyl amines. The products of
each reaction were analyzed through 1H NMR, 19F NMR, and IR spectroscopy. Based on the NMR spectra,
the CulCF3 was synthesized; however, the analysis of the trifluoromethylation reactions are still ongoing
to determine whether the trifluoromethyl motif was added successfully. Though complete conversion was
not observed, most of the trifluoromethylation reactions had partial conversion according to TLC analysis.
Yet, these products did not produce 19F NMR peaks in the correct position when compared to literature
spectra for the desired trifluoromethyl ethers and trifluoromethyl amines. Further studies will examine
reaction conditions to optimize the formation of the desired products. Upon production of the
trifluoromethyl ethers and trifluoromethyl amines, reaction conditions can be optimized and the scope
can be determined. From there, studies can be performed to determine the impact the motif has on the
efficacy of various pharmaceuticals and agrochemicals.
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Abstract:

As environmental awareness grows, and cost-effectiveness continues to be a goal to achieve, low cost
and good processability have made polymeric membranes promising candidates for industrial gas
separation applications. Furthermore, smaller carbon footprints and operational simplicity cause polymer
membranes to be great candidates when compared to other processes. However, most existing
conventional polymer materials are not ideal for high-temperature H2/CO2 applications which demand
high thermal stability and strong size-sieving capability. Of particular interest are polybenzimidazoles
(PBI), such as m-PBI (Cerazolell), capable of reliably accomplishing H2/CO2 separation at elevated
temperatures. The problem with m-PBI is the low permeability it exhibits. Triptycene-based PBI (TPBI)
polymers contain triptycene structures desired for their structural integrity and dependable free volume
that assist with the issues intrinsic to polymer membranes. Research, therefore, focused on the
development of TPBI polymers capable of preventing a high degree of polymer packing and assisting with
the natural low permeability intrinsic to organic polymers. Moreover, by systematically varying the
content of triptycene unit, structure-property relationships of this novel triptycene-based PBI (TPBI) could
be investigated. In this work, a triptycene-based dicarboxylic acid (TP-COOH) has been synthesized and
purified. Within the multistep TP-COOH synthesis, nuclear magnetic resonance (NMR) permitted the
verification of the structural makeup analyzed at any step of the synthesis, along with impurities that exist.
Moreover, a series of TPBI copolymers with systematically varied triptycene content (25%-50%) have been
produced. The copolymers’ molecular weight was therefore adjusted through reaction time and adding
sequence. Results convey that high-molecular-weight TPBI with 50% triptycene units (TPBI-50) could be
consistently synthesized. Moreover, modification of reaction conditions to produce TPBI with 25%
triptycene units (TPBI-25) is still ongoing. The research into triptycene structures in polymer membranes
has great value and potential for high-temperature H2/CO2 separation with much exploration and
improvements left to be made.
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Abstract:

Evolution of beliefs of a society is a result of interactions between people in the society over generations.
We analyze the long term dynamics of belief evolution by combining people’s prior beliefs, social dynamic
network structures and the confusion that occurs between beliefs. The main contribution of this work is
threefold. First, we explore the belief evolution using existing network models such as scale free networks
and small world networks to create social network structures and belief confusion structures. Second, we
model the belief evolution with homophily based models using different statistical distances. We compare
the individual and societal belief distributions and trends obtained from different models. Third, we
explore the evolution of religious affiliations in different countries, both large and small in size as well as
ones located in different continents. We use a homophily based model to fit religious affiliation data to
model the dynamics of religious beliefs of Australia, Canada and Ireland over time.

Using existing network models, we observe that the society evolves to a homogeneous belief system
across all of the different models. However, the formation of heterogeneous belief systems such as social
groups that share the same beliefs and isolated individuals can be observed using homophily based
models. Moreover we can see how those formations change based on using different distance measures.
Finally, the successful implementation of the real world data justifies the theoretical formulation of the
model and this allows us to interpret the social dynamics over time and the implications that it will have
on the future.
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Abstract:

Although data science is one of the fastest-growing fields in the United States, very few high schools offer
students the opportunity to take data science courses. We developed a curriculum to provide three local
high school students with an immersive three-week course in data science using a project-based learning
model. Students were recruited through a partnership with the University of Notre Dame TRiO programs.
Prior to students’ arrival on campus, we received a number of training sessions with respect to the
responsible conduct of research, teaching strategies, and goal setting for project-based learning, and
presentation skills. The purpose of these sessions was to prepare us to become successful data science
mentors to minors. The importance of the mentor-mentee relationship can play an instrumental role in a
student’s academic journey. As such, we placed heavy emphasis on connecting and empowering our
students in conjunction with the educational modules we presented. During the 3-week program,
students attended a teaching session in the morning and worked on their projects in the afternoon. An
introductory coding curriculum was created by adapting and combining textbook lessons, tutorials, and
Bootstrap curricula (created by researchers at Brown University) with custom use cases. We chose to
teach the programming language Pyret because it is both accessible and a good introductory language—
Pyret compromises between expressiveness and performance, and between simplicity and feature-
richness. Live coding classes were taught to the students with PowerPoint and notes. The programming
curriculum included computing basics like data types and functions, as well as table functions. The coding
primarily focused on cleaning, analyzing, and visualizing data, so that the students could later utilize what
they have learned in their own project development. The program also included workshops about data
ethics, visual storytelling, technical communication, and research question design. Students explored
research topics inspired by their interests and curiosities, identified suitable datasets, and generated data
visualizations that effectively communicated their findings. The program culminated in project
presentations given by each student on their own data science research. Semi-structured exit interviews
will be conducted with each of the students to obtain feedback about what they learned and took away
from this experience. Drawing from the feedback received during the exit interviews we anticipate that
this curriculum could be used in future data science courses geared towards high school students.
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Abstract:

The present research focused on the assessment of a new medical device that would be able to detect
insulin leaks within insulin pumps for people diagnosed with diabetes utilizing the Commercialization
Engine process. This process was created by Notre Dame’s IDEA Center for entrepreneurship. The
acronym IDEA stands for Innovation, De-Risking, and Enterprise Acceleration. At the IDEA center,
students, staff, and faculty are able to work together to help bring creative ideas and innovations to
market. The Commercialization Engine takes early-stage projects through different processes to make
them into full-fledged finished products. The Commercialization Engine is made up of three sections: Risk
Assessment, De-Risking, and Enterprise Acceleration. During the De-Risking stage of Commercialization,
the De-Risking team focuses on Problem Validation, Technology Validation, and Market Validation. The
De-Risking team is currently assessing if a new medical device is needed to detect insulin leaks within
insulin pumps for patients with diabetes. Their first step was to conduct interviews with different diabetes
patients in order to validate the correct target audience. The team then detailed interviewee needs and
past experiences with their struggles dealing with diabetes. Following this stage, the De-Risking team
would utilize the Commercialization Engine process to ascertain if this product has a large enough market
to go into full production. Given the popularity and success of the IDEA Center’s Commercialization Engine
process, more research is needed to determine if a new medical device is needed to detect insulin leaks
within insulin pumps for patients with diabetes.
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Abstract:

The surface chemistry of colloidal semiconductor nanocrystals is critical to applications such as large-scale
solution processing as well as for tunable optoelectronic properties. However, they remain poorly
understood. Our group has developed CdSe, PbS, and ZnS and functionalized them with metal carbonyl
moieties as surface spectroscopic reporters. This study probes the question whether similar methods can
be extended onto metal oxide materials, specifically ZnO. Oxides are much more ionic and chemically
different, but are of interest for transfer of electrodes and electrochromics. In this research project, | was
able to synthesize both the ZnO nanocrystals as well as the organometallic precursor (NHs)3Fe(CO),4. The
colloidal nanocrystalline ZnO were characterized by X-ray powder diffraction as well as UV-vis
spectroscopy. The metal carbonyl (NHs)sFe(CO), was also synthesized and later characterized with IR
spectroscopy. Currently, efforts are underway to functionalize the ZnO nanocrystalline with the
organometallic fragments. In order to attach these IR-active metal carbonyl fragments to the nanocrystals,
| have treated ZnO with trioctylphosphine oxide (TOPO) for stability, and resuspended in a nonpolar
solvents such as toluene in hopes of successfully synthesizing ZnO-ZnFe(CO),.
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Abstract:

A lack of faculty diversity is a major issue across higher education institutions. As summarized in US News
and World Report (2020) faculty of color play a critical role within departments educational outcomes,
student experiences, especially those of students of color, and overall university environments. As
universities become more diverse, faculty departments also aim to reflect the diversity of their student
body. An example of this is demonstrated within Hispanic Serving Institutions where there is often a lack
of or very little faculty of color. This study examined these issues by using qualitative and quantitative
research methods to explore the commitment of tenure track faculty at the top fifty social science
departments across the United States (sociology, economics, political science, and psychology). This study
explored faculty members' satisfaction in hiring faculty of color, satisfaction with their department's
efforts in increasing its faculty racial and ethnic diversity, and measured the racial and ethnic composition
of tenured/tenure track faculty to get a better understanding of the degree of diversity at these
institutions. A deeper look into the data revealed faculty members, social science departments, and
university views on increasing their faculty diversity. Despite many departments' claims of moving in the
right direction and considering themselves more diverse than other universities or departments, pipeline
issues remain heavily present within departments. The data also suggests deep rooted issues within some
departments including color blind hiring practices, retention issues, faculty not valuing the importance of
diversity within their departments, and gender issues within hiring, especially women of color.
Additionally, data highlights the importance of increasing faculty diversity by providing mentoring
support, additional efforts to retain and promote faculty of color, examining additional biases that non
faculty of color have, more effective efforts to support a more diverse faculty, and greater support from
university administration.
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Abstract:

G-protein-coupled receptors (GPCRs), convey extracellular signals through the regulation of guanine
nucleotide-binding regulatory proteins. A broad range of physiological functions such as the mating
process in yeast and cognition in humans are all controlled by receptors of this type. Methuselah (mth), a
recent GPCR that regulates the longevity of the fruit fly Drosophila melanogaster, has lately garnered
much interest. Methuselah is a founding member of the Methuselah family of GPCRs. Recent work in our
group has found that the perturbation of G-protein alpha q (Gaq) signaling impacts the final size of the fly
wing, suggesting that downstream targets of Gaq signaling influence organ size control. Through
transcriptional profiling experiments, we have identified the Methuselah-like 8 (mthl8) as a potential
downstream target of ectopic Gaq signaling. To test whether there is functional interactions between
Mthl8 and Gag, we performed a functional perturbation experiments of mthl8. We found that mthi8
overexpression significantly decreases the adult wing size similar to the reduced size that occurs with Gaq
overexpression. In addition, knockdown of mthl8 along with Gaq overexpression result suppressed the
Gaqg phenotype of reduced wing size. This supports a potential positive autoregulation of Gaq activity
through Mthl8 expression. Since humans possess a homologous gene to Methuselah-like 8, a better
understanding of how this gene family regulates morphogenesis can inform our understanding of how
GPCRs and G-proteins regulate key cellular processes involved in organ size control.
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Abstract:

Mesothelioma is a rare cancer with approximately 3,000 new cases each year. There are three types of
mesotheliomas including pleural (75%), pericardial (>1%) and peritoneal (20%). Mesothelioma occurs in
the mesothelial cells, which form a protective barrier to multiple organs. Malignant peritoneal
mesothelioma (MPM) is initiated in the peritoneum, a serous membrane that lines the inner walls of the
abdominal cavity and the outside of the visceral organs and is a very receptive environment for
malignancy and metastasis. MPM metastasizes to the abdominal cavity, affecting the omentum, liver,
stomach, intestines, and kidneys. MPM is extremely difficult to diagnose due to its vague symptoms, such
as abdominal distension, abdominal pain, weight loss, and nausea. Due to difficulty in diagnosis, most
patients are diagnosed at an advanced disease (stage Ill or IV) with a very poor prognosis with a 9% 5-year
survival rate. Asbestos exposure is a major risk factor for MPM with symptoms taking 20-50 years post-
exposure to appear, making MPM prominent in aged adults. Mesothelin (MSLN), a 40 kDa protein, is
normally expressed on the surface of mesothelial cells and manifests at abnormally high levels in several
carcinomas including malignant peritoneal mesothelioma. The exact role of mesothelin is not yet fully
understood as mesothelin knockout mice do not display an abnormal phenotype. However, there is some
evidence to suggest that mesothelin is involved in tumor cell adhesion by binding to the tumor antigen
MUC16. Mesothelin wild-type (WT) and knockout (KO) mice were used to investigate the role of host
mesothelin on MPM metastasis. A MPM cell line was tagged with nuclear red fluorescence protein (RFP)
and injected into the abdomen of female C57BI/6, young (3-6 months) and aged (18-23 months), MSLN
WT or KO mice. Disease progression was evaluated post injection by fluorescent in vivo imaging prior to
end point dissection. The abdominal cavity was imaged in situ and tumor burden was evaluated using
Image J. Overall, aged mice had increased abdominal tumor burden regardless of host MSLN expression.
Aged MSLN KO mice displayed an increase in abdominal tumor burden compared to aged MSLN WT mice,
however this difference was not significant. Interestingly, the immune profile of the abdominal cavity of
tumor naive mice displays a decrease in natural killer (NK) cells and peritoneal macrophages in aged mice
suggesting a role in regulating metastatic peritoneal mesothelioma and could possibly be targets for new
immunotherapies. This study demonstrates host age impacts tumor growth and metastatic success in
peritoneal mesothelioma.
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Abstract:

Due to the growing demand for radio frequency (RF) spectrum in various industries, there is an increasing
interest in spectrum monitoring. Spectrum monitoring allows government regulators to understand
frequency utilization, manage allocations, and identify the origins of interference. Institute for
Telecommunication Sciences (ITS) in the National Telecommunications and Information Administration
(NTIA) has recently developed a reference implementation of the Spectrum Characterization and
Occupancy Sensing (SCOS) standard. The purpose of the SCOS standard and reference implementation is
to develop a public standard for the control and monitoring of a network of spectrum sensors, with the
ultimate goal of informing spectrum regulation and policy. In parallel, the University of Notre Dame has
designed and created its own sensing platform called RadioHound, targeting low-cost sensor hardware
and exploring wireless sensing network architectures and associated software, spectrum utilization, and
spectrum sharing possibilities.

In this project, we have started comparing the SCOS and RadioHound platforms, particularly in terms of
measurement types and metadata associated with measurements. Among several opportunities to
transcribe features between the two, we prioritized implementing a standard SCOS measurement - the
max, min, mean, median, and sample (M4S) signal power as a function of frequency- the RadioHound.
Currently, RadioHound only observes the mean signal power as a function of frequency. This prototypical
implementation gathers more signal statistics to develop a better understanding of the spectrum usage,
and thus better aid in spectrum monitoring. Furthermore, this project represents one step in bringing the
features of the two platforms together.
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Abstract:

Diabetes impacts millions of people worldwide. Unfortunately, current treatments require routine
monitoring and estimation of insulin dose, leading to imprecise control that causes problematic high and
low blood glucose levels. In the search for improved therapies, glucose-responsive materials are of
interest for applications in smart insulin delivery. These materials would be capable of sensing glucose
and undergoing nanoscale conformational changes for insulin release that is dictated by blood glucose
level. My project seeks to design dynamic-covalent crosslinked hydrogels and microcapsule membranes
using polyamidoamine (PAMAM) dendrimer building blocks containing PBA-diol conjugates to sense and
respond to high glucose levels by releasing an appropriate amount of insulin. Several studies have
demonstrated dendrimer-based building blocks for the formation of self-assembled nanoscale networks.
Dendrimer synthesis offers the opportunity of generating structurally precise nanoscale architectures
reminiscent of those found in biology. End-group modification of these branched structures affords
crosslinking by phenylboronic acid(PBA)-diol complexes to form bonds that exchange and compete with
native glucose. In order to prepare PAMAM dendrimers, we use multi-step controlled divergent synthesis
that involves building the dendrimer from a multifunctional core and extending it outward through a
series of repetitive reactions. After each reaction, 1H NMR is employed as a characterization method to
verify formation of the desired product. With this characterization we assured no reactant remained
following each step to avoid the creation of first generation dendrimers in the next reaction. High yield
and completion of each synthetic step is important to ensure purity and consistency. In order to
successfully implement dendrimers in these applications, structural defects in higher generations must be
avoided. To determine if higher generation dendrimers have an effect on the functionalization and
crosslinking capacity, studies are ongoing.
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Abstract:

Efficient water filtration methods have successfully prevented water-related illnesses and diseases for
centuries. Sources such as lakes and rivers, as well as transportation media like underground water pipes,
carry many ion contaminants within solution that can be harmful to human health once consumed.
Current separation methods for water purification such as distillation, however, necessitate a high energy
input, possibly harming the environment by producing carbon emissions when burning fossil fuels. An
innovative separation method that does not require phase changes (i.e., vaporization), such as semi-
permeable polymer membranes, can be designed to reduce costs of operation and environmental risks.
A poly(trifluoroethyl methacrylate-r-oligo(ethyl methyl ether methacrylate)-r-glycidyl methacrylate)
[P(TFEMA-OEGMA-GMA)] copolymer was synthesized to function as the active layer in the membranes,
which were later prepared using a doctor blade technique. Functionalization can be obtained by
submitting copolymer membranes under epoxide ring-opening reactions of glycidyl methacrylate (GMA)
repeating unit by using nucleophilic amines, such as 1-(3-aminopropyl)imidazole (API). Factors considered
in the study that might have affected extent and rate of reaction were pH conditions of 9 and 12, as well
as concentrations of amine solution of 0.25M and 0.10M, respectively. All reacted membranes were
characterized using FTIR by observing the disappearance of a peak at a wavelength of 910cm-1, which is
associated with the epoxide ring. P(TFEMA-OEGMA-GMA) membranes were tested as a possible method
of purification by studying diafiltration experiments for the separation of single-ion solutions, considering
the rejection of cations in feed solution is due to electrostatic force of repulsion with the membrane’s
active layer. In order to determine concentrations of retentate samples as the diafiltration experiment for
mixed-ion solutions runs, a planar, three-dimensional calibration curve relating conductivity to
concentration of each ion was preemptively generated for each ion pair, which were chosen based on
their differing valencies (CuCl2 — CoCl2, KCI — NaCl, KCl — K2504, and KCI — MgCl2).
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Abstract:

Actinide chemistry is an important field with regard to energy sciences. This summer | worked on two
projects that could have potential implications in the nuclear fuel cycle: studying the degradation of uranyl
peroxide cage clusters (UPCs) in high radiation fields and the synthesis of UPCs using ionic liquids. UPCs
easily form in alkaline aqueous conditions, increasing the likelihood of their presence in nuclear waste
environments. Using the effects of a radiation, simulated with He?* ions using the 9s accelerator in the
Nuclear Physics Lab at the University of Notre Dame, we investigated how the Li-Uas
(Li2a[(UO2)24(02)24(0OH)24]) structure changes when exposed to high radiation doses. Using Raman and
infrared spectroscopy as our main spectroscopic methods, Li-U.s shows changes in its bonding
environments as the peaks change with increasing radiation dose. The second project consists of
synthesizing new UPCs using ionic liquids as a solvent or co-solvent. Studtite is a uranyl peroxide mineral
used in the nuclear fuel cycle, and dissolves in ionic liquids. UPCs are typically formed via the reaction
between studtite, hydrogen peroxide, and an alkali hydroxide base, thus producing UPCs with an alkali
counter cation. When dissolved in the ionic liquid, studtite is able to react and form UPCs with counter
cations not typically involved in traditional UPC syntheses (e.g. lanthanides). New species will be
characterized via single crystal X-ray diffraction, Raman spectroscopy, small angle X-ray scattering, and
electrospray ionization mass spectrometry.
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Abstract:

The eukaryotic cell contains a protein structure known as the cytoskeleton which allows the cell to move
and offers substantial structural support. An important component of the cytoskeleton is the microtubule.
Proper regulation of the microtubule network is critical for the cell to divide normally and transport
material intracellularly. Proteins known as plus-end tracking proteins (+TIPs) dynamically track growing
microtubules and play an important part in their regulation. Studies suggest that overexpression of the
+TIP CLIP-170 induces large “patch” structures containing CLIP-170 and other +TIPs. The Goodson Lab has
conducted research that suggests that the endogenous +TIP network forms a biomolecular condensate at
growing MT ends (or other +TIP locations) and that the protein-protein interactions inside this condensate
help promote MT growth by supporting the fragile MT tip. | hypothesized that the protein kinase CK2
regulates the formation of these patches. This hypothesis is based on research studies that suggest CK2 is
directly involved in the regulation of microtubule dynamics. To test this hypothesis, | have learned to
conduct immunofluorescence localization experiments. | have treated mouse fibroblast cells with varying
concentrations of the Slimitasertib drug which is a known inhibitor of protein kinase CK2. My preliminary
data show that the ... suggesting that... (TBD, | should have a conclusion early this coming week).
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Abstract:

The proliferating human rights legislation constructed a common standard of principles adopted by the
general international community to ensure the rights of every person and yet that is not its only use.
Criticisms of other countries embodiment of these fundamental freedoms have long been used as a
powerful tactic for many great nations like the United States, but how do they undertake these criticisms?
In what ways does a powerful country like the United States engage in human right criticisms against
another country like China? Use of the great power competition offers a unique lens of observing the use
of human rights criticism as an instrument in power politics rather than as a moral or ethical end. Utilizing
race literature in American Politics, International Relations (IR) research on legitimation and great power
politics, the current research articulates a racial account of how states employ accusations of racism to
delegitimize their rivals and ease their own rise. This project is compiling a detailed case study of U.S
criticisms of Chinas treatment of the Muslim Uyghur ethnic minorities, drawing evidence from the content
analysis of 222 documents issued by The White House, U.S State Department and many of the U.S
Embassies throughout the world. The lab will read and code a large sample of documents and articles
written by the official U.S government, representatives, or known affiliates to gather a comprehensive
account of the United States criticisms of China regarding human rights violations. This paper will offer a
theoretical account that makes sense of The United States' criticism towards China's treatment of the
Uyghur people and the intentions of these criticisms in the context of the Sino-American great power
competition. It will also contribute to our empirical knowledge through an analysis of the United States
rhetoric on human rights violations and broadens our understanding of the instrumental use of human
rights throughout the international community.
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Abstract:

The aviation industry accounts for 2.8% of the global greenhouse gas (GHG) emissions in 2020 and these
emissions are expected to dramatically grow as the passenger numbers doubles from 2016 to 2035. To
mitigate the expected increase, the International Air Transport Association (IATA) set a cap on the amount
of CO2 emissions in 2020, and a 50% reduction by 2050 compared to 2005. There are various options in
the aviation sector to reduce GHG such as alternative fuels, renewable fuels, and aircraft electrification.
Renewable aviation fuels (RAFs) offer a way to turn different feedstocks like agriculture residues,
municipal waste, and other organic substances into biofuels for aviation. Even though in recent years the
demand for new fuels has been slow, reaching 150 million liters in 2020, it is expected to reach 65 billion
liters by 2050. In this poster, we review the seven different technology pathways approved by the
American Society for Testing and Materials (ASTM) to produce RAF: Fischer Tropsch Synthetic Paraffin
Kerosene (FT-SPK), Fischer Tropsch with added aromatics (FT-SPK/A), Alcohol-to-Jet (ATJ-SPK),
Hydroprocessed Esters and Fatty Acids (HEFA-SPK), Hydro processing of Fermented Sugars (HFS-SIP),
Catalytic Hydrothermolysis Synthetic (CHJ-SPK) , and Hydrocarbon-Hydroprocessed Esters and Fatty Acids
(HC-HEFA-SPK). Today, there are only 25 refineries in operation that implement only 4 of these
technologies. We compare two metrics — the minimum jet fuel selling price (MJSP) and CO2 emissions —
across these technologies to understand the slow adoption.
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Abstract:

Crystalline metal oxides are a class of materials that offer desirable chemical and thermal stability, along
with extensive electronic properties of interest. However, these solid-state materials lack tunability and
often demand energy-intensive synthetic conditions. Contrarily, organic species exhibit high tunability,
but these molecules fail to provide the advantageous structural and electronic properties seen in
crystalline metal oxides. In the Jaffe Lab, we are focused on developing novel material platforms by
combining these inorganic metal oxides and organic species to take advantage of the beneficial attributes
offered by each. These organic-inorganic hybrids proffer applications in clean energy technology, and,
specifically, their potential to aid in intermolecular electron transfer—which is a challenge associated with
isolated organic species—could allow for additional functionality at organic sites. Here, we have focused
on molybdenum trioxide, MoOs, a crystalline metal oxide capable of undergoing varying levels of
reduction to create hydrogen molybdenum bronzes of the chemical formula HiMoOs, where the value of
x depends on the level of reduction. Electrochemical analysis of hydrogen molybdenum bronzes and
molybdenum-based hybrid materials has revealed novel information about the redox activity of these
materials and the relationship between their structural and electronic properties. To probe the
electrochemical properties of these materials, we employed cyclic voltammetry as a primary analysis
technique. Utilizing this approach, we have been able to gather information on the specific potentials
where these materials undergo reduction and oxidation, as well as explore the reversibility of these
electrochemical changes. Our goal is to understand the electrochemical behavior of these tunable
materials to inform implementation efforts in energy-related technologies such as electrochromics.

MoO4(bipy)o s Cyclic Voltammogram of MoO4

D P ——— .
Initial Scan Direction Scan Rate: 10 mVis

Current (arb. units)

T T T T T T
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Potential (V vs. Ag/AgCl)



20-2

Polycationic Polymer Carrying Phage-mimicking Antibacterial Nanoparticles as Infection Preventing
Coatings for Metal-Alloy Implants

By:
Conor Sheehan
NDnano (NURF)

Faculty Advisor:
Prakash Nallathamby
Department of Aerospace and Mechanical Engineering
College of Engineering

Other Contributors:
Brenda Cruz Gonzalez, Johanna Olesk

Abstract:

Metal-alloy based implants are widely and successfully used in medicine for many problems such as knee
and hip replacements, however complications can arise in these procedures due to bacterial infection.
About 1% of both knee and hip replacement surgeries fail as a result of bacterial infection, demonstrating
the need for preventative measures. Phage-mimicking antibacterial nanoparticles from the Nallathamby
lab, linked with polycationic polymers, are being tested on implant metal coupons from Zimmer Biomet
as potential antibacterial coatings. Presence of the nanoparticles on the sample metals was confirmed
using electron microscopy and IR-spectroscopy. The antibacterial properties of the nanoparticle coatings
were assessed using live/dead assays against methicillin resistant Staphylococcus aureus USA300 and
biofilm forming Pseudomonas aeruginosa FRD1. The viability of human keratinocyte cells, a major
influencer of osseointegration, was tested by growing HaCaT on the implants. The future results will
demonstrate if polymer coating the implants has antibacterial effect, while judging the biocompatibility
of the coating. If this study proves successful, future experiments will focus on how the molecular weight
and structure of the polymers used influences antibacterial efficacy.

Foundational Reference:

J.Hopf, Nallathamby et al."Phage-mimicking antibacterial core-shell nanoparticles" Nanoscale Adv.,
2019, 1, 4812-4826
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Abstract:

Ferroelectricity is the property of certain material to acquire and maintain a positive or negative surface
charge, called polarizations. Like ferromagnets which source a magnetic field, ferroelectrics source an
electric field. This property can be used to make a ferroelectric (FE) random-access memory (FRAM), as
the two polarization directions can be designated to be 1 and 0. The polarization of each element can be
switched by externally applied electric field to write and read data. The memory element is a metal-
ferroelectric-metal capacitor with a thin layer of FE material in between. The advantage of this element is
that the memory is nonvolatile, meaning that the information is not lost when the power supply is
removed, because FEs can retain its polarization state. However, currently, the FE capacitors used in FRAM
are based on lead-zirconium-titanate which is difficult to make thinner than about 50 nm without losing
its ability to maintain a surface charge. This limits the minimum size that capacitors can be made. The FE
material, hafnium zirconate (HfZrOx) deposited by atomic layer deposition and annealed on tungsten can
support minimum thicknesses even below 5 nm. Had been working in Dr. Seabaugh’s group for 6 weeks,
| have learned the basic physics of FEs, how to make polarization measurements, practice atomic layer
deposition and electron beam lithography, and how to process in the Notre Dame Nanofabrication
Facility. |also helped to develop a mask set for building submicron FRAM and actively participated in the
fabrication process.
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Abstract:

Mounting evidence of pollinator decline and its repercussions on agriculture and plant diversity
mean that scientists must work to understand the details of plant-pollinator interactions. Though
there are many facets to the relationship between plants and pollinators, one of the biggest
mediators of this relationship is scent. As there is much already known about the scent make-up
of Narcissus and its pollinator partners, it is a great model system for additional research. This is
also true for the insect species Vanessa cardui, a generalist pollinator that is found worldwide
and has most likely come into contact with Narcissus and its scent. The objective of this research
was therefore to explore the role of two major compound types found in Narcissus floral scent,
linalool and B-ocimene isomers, in the attraction of experienced wild pollinators in the field using
scent emitter arrays and naive Vanessa cardui in lab flight cages with scent emitter arrays. Chi-
square tests of field data suggest that flies generally visited linalool more frequently than
expected, while the responses of other fauna to each scent type depend on the location of arrays
and make-up of the fauna present at the location. This is consistent with past findings focused
on scent attraction for flies and other pollinator types, especially honey and bumblebees. T-tests
on naive butterfly visitation rates and duration of visits to scent emitter pairs found no significant
preference for linalool or ocimene compared to control or each other, suggesting that any field
preferences by this species for these compounds are learned and not innate. Future experiments
should include testing naive flies to determine if preferences are innate or learned, and
examining if ocimene/linalool blends impact scent preferences or level of interaction in the field.
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Abstract:

The main focus of this research is to develop a model to determine the computational costs of different
algorithms for homomorphic encryption schemes. Homomorphic encryption is an emerging technology
which would allow centralized computation resources, such as cloud servers, to work with encrypted data
without knowing the contents of the data it is performing operations on. This concealing of data is
becoming increasingly important with data security and privacy for individuals. Over the past decades,
more devices are becoming connected to each other as smart devices are being developed for all aspects
of life. As more devices are interacting with one another, we must ensure that we continue to protect
user’s privacy over sensitive data. For example, as technology for autonomous vehicles progresses, these
vehicles could communicate with each other and off-load computations amongst themselves. To enable
these vehicles to share resources without divulging information, homomorphic encryption would allow
devices to compute on encrypted data, solving any privacy concerns. However, the most up to date
homomorphic encryption schemes are computationally expensive, involving up to millions of
computations required for simple operations. The most popular homomorphic encryption schemes
involve large polynomial multiplication and modular division on large integers. The goal of this project
was to develop a fully homomorphic encryption scheme in Python to model computation costs within the
program and then implement specialized algorithms to accelerate the encryption scheme. Barrett
reduction and Montgomery reduction are used to reduce costs of large integer modulation, and number
theoretic transform for polynomial multiplication. The model is open source and available for public use
just like many other homomorphic encryption libraries. In the future, new algorithms could be developed
and tested on this model to see the performance gain from its implementation. This model could also be
used to test specialized hardware on different aspects of the encryption scheme. Homomorphic
encryption schemes are continuing to be developed and improved each year, and this can help test the
improvements of new innovations.
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Abstract:

The Montreal Protocol approved worldwide regulation and phase-down of hydrofluorocarbons (HFCs)
due to their Global Warming Potentials (GWPs). This initiative aims to reduce HFC total emissions from
2022 to 2050, this reduction is equivalent to 4.7 billion metric tons of carbon dioxide. The refrigeration
systems used today use azeotropic mixtures of HFCs that are challenging to separate with traditional
methods such as fractional distillation. To achieve the goals of the Montreal Protocol, novel separation
strategies for recycling need to be developed. These separation techniques require information on HFC
vapor-liquid equilibrium, which is not always available from experimental sources. When experimental
data is unavailable, molecular simulations can be used to predict equilibrium quantities based on a
refrigerant's molecular interactions. A key component in molecular simulations is a model that accurately
describes how these molecules behave at a microscopic level. Using these models and statistical
mechanics, researchers are able to efficiently simulate these systems in order to predict thermodynamic
properties of industrial interest. In this work, classical molecular simulations were employed by applying
the Gibbs Ensemble Monte Carlo (GEMC) method to compute the phase diagram of pure
hydrofluorocarbons. These simulations were performed using model parameters collected from existing
literature with the purpose of generating a benchmark of the current available molecular models. The
results of this research will contribute to the development of optimized molecular models capable of
simulating vapor-liquid equilibrium for a variety of HFCs, which ultimately aid the design of separation
processes that enhance the repurposing of HFCs in a more environmentally friendly way.



25-2

Explicating the Domain- and Facet-Level Associations of Stigma Attitudes

By:
Austin Wyman
The Graduate School (SROP)

Faculty Advisor:
David Watson
Department of Psychology
College of Arts and Letters

Other Contributors:
Claire Scott-Bacon

Abstract:

Background: In 2020, Mental Health America reported than more than half of people with a mental illness
did not receive treatment because of stigma. The stigma against mental illness refers to the prejudice,
stereotypes, and discrimination people with mental illnesses experience in public, personal, and
professional settings. Although directed approaches to correcting stigma attitudes are effective,
interventions rely on observable behavior, whereas many stigma attitudes are latent and unobservable.
The present study explored two latent trait approaches (help-seeking behavior and personality) and
examined (a) whether help-seeking attitudes and stigma attitudes are distinct constructs and (b) whether
stigma attitudes are significantly predicted by personality traits. Methods: Using the Relations Among
Measures of Personality, Assessment, and Risk Taking (RAMPART) dataset (n = 547), the present study
conducted exploratory structural equation modeling (ESEM) on subscales within multiple help-seeking
and stigma attitudes measures, and conducted multiple regressions at both the facet and domain level of
the Faceted Inventory of the Five-Factor Model (FI-FFM). Results: ESEM revealed a two-factor structure
across the help-seeking and stigma attitude measures, with help-seeking attitudes defining one factor and
stigma attitudes the other. Most FI-FFM facets were insignificant in the regression model, but, at the
domain-level, low Agreeableness, low Extraversion, and high Neuroticism significantly predicted stigma.
Discussion: The present data help identify help-seeking and stigma attitudes as two distinct constructs
that cannot be adequately measured using the same scales. Although most individual facets were
insignificant, the facet model accounted for more variance than the domain model, suggesting that facet-
level analysis is generally a more informative approach. Future research should expand on the facet-level
approach and explore the predictive validity of personality traits in these interventions.

Keywords: stigma, help seeking, personality, exploratory structural equation modeling
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