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Intrusive advising and research mentorship for academic improvement in
underrepresented minority student groups in STEM

Cory M. DiCarlo, dicarloc@cod.edu, Emily Whitis. Chemistry, College of DuPage, Glen
Ellyn, lllinois, United States

Within a community college series of cohorts, underrepresented minority students in
chemistry and other STEM fields were supported through a number of means including
intrusive advising through a part-time success coach, peer and faculty mentoring, and a
summer research program available through alliance institutions. Data indicating
success and failure of these means in disaggregated data show across the board
improvement of academic success indicators such as retention, course completion, and
transfer/graduation for students involved in activities as compared with the general
student population. Implications of this success and ideas for integration into general
community college infrastructure will be discussed.
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Culturally responsive teaching and learning in undergraduate chemistry

Ami P. Johanson, ajohanson@aurora.edu, Kyle McElhoney,
kmcelhoney@aurora.edu, Chetna Patel, cpatel@aurora.edu. Department of Physical
Sciences and Chemistry, Aurora University, Aurora, lllinois, United States

lllinois is facing a shortage of qualified STEM teachers, especially those who are

culturally diverse and underrepresented in the field of STEM education. Aurora
Universityéds NSF Noyce Building Capacity gran
secondary education teachers at a Hispanic Serving Institution. One of the activities

include developing new faculty and program development opportunities to promote

STEM education as a career option. A workshop titled Culturally Responsive Teaching

and Learning was provided to the university faculty. The chemistry faculty implemented

several ideas into the courses. The success and challenges of some of the strategies

will be presented.
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Institutional environment and departmental values: a case study at Kenyon
College

Simon P. Garcia, garcias@kenyon.edu, Yutan D. Getzler, getzlery@kenyon.edu, Mo
Hunsen, Catherine Mauck, mauckl@kenyon.edu, Kerry A. Rouhier,
rouhierk@kenyon.edu. Chemistry Department, Kenyon College, Gambier, Ohio, United
States



We offer a case study on how our institutional environment has shaped our
departmental efforts in diversity, equity, and inclusion in general, and in responding to
anti-Black racism specifically. As with many institutions, Kenyon College has seen years
of equity and inclusion efforts with their own triumphs and failures. In the past five years,
DEI efforts at Kenyon benefited from the creation of new administrative structures
(Office of Diversity, Equity, and Inclusion and Civil Rights Office) and initiatives funded
by extramural programs (NSF S-STEM, Clare Boothe Luce, and HHMI Inclusive
Excellence). These interventions fostered changes in institutional climate, values, and
ability to take action. We reflect on how these changes enabled, hindered, or otherwise
shaped different aspects of our departmental response to the murder of George Floyd in
June of 2020. This response began with an extensive discussion to draft and revise a
letter to students and ourselves, about our professional value to acknowledge complicity
in systemic racism and commit to fight it with humility. It branched into individual efforts
to transform our research and teaching practice. Finally, we reflect on our difficulty in
fostering structured conversations with students and faculty on anti-Black racism within
the field, and seek insight and advice from participants. We hope to spark an active
discussion with other chemists committed to similar efforts.
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Working toward wellness, equity, and liberation in the NSF Center for Sustainable
Nanotechnology

Miriam Krause®1, mkrause@umn.edu, Della Mosley?, Beza Tuga?, Jenny Hedlund
Orbecks, Becky Curtis?, Christian Lochbaum3, Vivian Feng®, Juan Pablo Giraldo®,
Christy L. Haynes?’, Catherine J. Murphy8, Michael P. Schwartz®3. (1) Chemistry,
University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2)
Counseling Psychology, University of Florida, Gainesville, Florida, United States (3)
Chemistry, University of Wisconsin-Madison, Madison, Wisconsin, United States (4)
School of Freshwater Sciences, University of Wisconsin-Milwaukee, Milwaukee,
Wisconsin, United States (5) Chemistry, Augsburg University, Minneapolis, Minnesota,
United States (6) Botany and Plant Sciences, University of California Riverside,
Riverside, California, United States (8) Chemistry, University of lllinois at Urbana-
Champaign, Urbana, lllinois, United States (9) NSF Center for Sustainable
Nanotechnology, Madison, Wisconsin, United States

The scientific mission of the NSF Center for Sustainable Nanotechnology (CSN) is
focused on using fundamental chemistry to enable emerging nanotechnologies. The
CSN is also a community of scientists, and we have prioritized creating a welcoming
and inclusive climate since the Center formed. However, events of the past year
demonstrated that our diversity, equity, and inclusion (DEI) efforts were not doing nearly
enough to dismantle anti-Black racism and other systemic barriers that
disproportionately harm people from historically marginalized and oppressed groups.
On June 10, 2020, the CSN collectively participated in #ShutDownSTEM to brainstorm
strategies for supporting social justice and antiracism as a Center. The action plan that
emerged was the first step towards developing a DEI strategy centered around



understanding and dismantling anti-Black racism and White Supremacy culture in the
CSN and the broader STEM community.

One of the highest priorities on our action plan was to engage with a subject matter
expert as a collaborator. In spring 2021 a new phase of our work began as we
welcomed Dr. Della Mosley to the CSN as our new Wellness, Equity, and Liberation
Consultant. Dr. Mosley is a Professor of Counseling Psychology at the University of
Florida who brings Black feminist, social justice, and activist-informed approaches that
are grounded in Radical Healing and Radical Hope theories that she helped pioneer,
making this work quite different from many activities designed to promote diversity,
equity, and inclusion in chemistry. In her new role, Dr. Mosley will provide a critical
reviewofthecent er 6 s exi sting strengths and growth
evaluation will be used to guide the co-construction of an intervention plan for further
enhancing wellness, equity, and liberation throughout the CSN. She will also conduct
workshops based on the Academics for Black Survival and Wellness
(#Academics4BlackLives) initiative that she co-founded in the Summer of 2020. These
workshops will simultaneously provide empirically grounded and culturally relevant
training to people with privilege and healing to people experiencing oppression.

This presentation will provide a brief overvi
progress towards implementing our action plan from Summer 2020, and introduce Dr.

Mosl eyds visi on fmllberatien, whichewe bope wall @apowerothers

to pursue this type of work in their own organizations.
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Effect of selective atom substitution in guanine on the electronic relaxation
mechanism

Sarah Krul, sxk1189@case.edu, Sean Hoehn, Carlos E. Crespo-Hernandez.
Chemistry, Case Western Reserve University, Cleveland, Ohio, United States

The natural RNA and DNA nucleobases absorb harmful ultraviolet radiation but the
ability to dissipate this excess electronic energy efficiently to the ground state makes
them highly photostable. Investigating how minor structural modifications affect their
photochemical properties is important for understanding the molecular origins of life and
for the advancement in biological and chemical applications. For example, 7-
deazaguanosine (7dza) has been used for decades to probe the charge transfer
dynamics in DNA, due to its lowered oxidation potential relative to guanosine. However,
its electronic relaxation mechanism has not been previously investigated.

Using steady-state and time-resolved spectroscopic techniques, combined with
guantum-chemical calculations, we have investigated the electronic relaxation
mechani sm of -npoophosprsate (G&P)%ra 7dza in in aqueous solution

and in a mixture of methanol and water following excitation at 267 nm. The following
mechanism has been proposed for both molecules: Lb Y 4Y ¥ G * (| CH whele S



thel” 0* (1 CT) stands for an intramolecul ar
significant ps* character. In 7dza, however, the relaxation dynamics is slightly slowed
compared to GMP, which adjudicate to stabilization of the two lowest-energy singlet
states and to the alteration of the topology of the excited state potential energy
surfaces.

The authors acknowledge the National Science Foundation (Grant No. CHE-1800052)
for financial support and the High-Performance Computing Resource in the Core Facility
for Advanced Research Computing at Case Western Reserve University.
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Enhancement of the Two-photon Absorption Cross Section in a Series of
Nitrodibenzofuran Based Photocages

Michael Hodny?, hodnyOO5@umn.edu, Feng Xul, Taysir K. Bader!, Mark D.
Distefano?, David A. Blank3. (1) Chemistry, University of Minnesota Twin Cities,
Minneapolis, Minnesota, United States (2) Univ of Minnesota, Minneapolis, Minnesota,
United States

Photocages are a class of molecule that inhibit the reactivity of molecules chemically
bound to them and release active molecules upon irradiation with light. Using
photocages, drugs can be delivered with very high spatial and temporal resolution,
minimizing side effects and increasing drug efficacy. Key to this application is a
photocage with a large absorption cross section and high dissociation quantum vyield.
Two-photon absorption (2PA) is often used to initiate the dissociation of photocages.
Due to this process using two red or near IR photons instead of one blue or UV photon
it can penetrate tissue more readily, has a lower chance of damaging tissue, and has
the ability to three dimensionally control the area of dissociation. In this presentation |
will focus on the potential to increase the absorption cross section of the
nitrodibenzofuran (NDBF) photocage by the addition of electron donating groups and
extending the conjugation of the system. A broadband 2PA technique is used to
measure cross sections over a range of wavelengths simultaneously. Experimental
cross sections and absorption maxima are compared to the results from standard
computational methods. It is observed that increasing the conjugation of the NDBF
system greatly enhances its 2PA cross section. The addition of electron donating
groups increases the cross section to a lesser extent and causes a redshift in the 2PA
spectrum. The difference between the calculated and experimental 2PA maxima was
determined to be 0.20 eV. The cross sections between the two differ by an order of
magnitude. It is observed that the modifications made to the NDBF framework result in
more efficient photocages due to their larger 2PA cross sections.
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Determining the Two-Photon Absorption Coefficient of GaAs and MoS2 Using
Time-Resolved Terahertz Spectroscopy

charg



Cathleen A. Saraza, casaraza@wayne.edu, Aaron Rury. Chemistry, Wayne State
University Department of Chemistry, Detroit, Michigan, United States

Semiconductors remain important optoelectronic materials for real-world technologies
ranging from light bulbs and displays to solar cells and lasers. Despite decades of
research into the optical properties of semiconductors, important nonlinear optical
properties such as the two-photon absorption coefficient remain difficult to measure
directly. We present estimates of the two-photon absorption coefficient of two pervasive
semiconductors, GaAs and MoSz, using time-resolved terahertz (THz) spectroscopy. By
tuning the power of pump pulses resonant with one- and two-photon absorption
processes, we demonstrate we can produce the same attenuation of an incident THz
probe pulse. We propose the attenuation of the THz pulse observed stems from
intraband absorption by free charge carriers in the conduction band of each material.
We assess the photoconductivity of each photoexcited material for pump-probe time
delays at which we know the pump pulse has transmitted through each sample
completely. We use this assessment to show one can make the same density of charge
carriers via single and multiple photon absorption and determine if these different
absorption processes popul ate carriers in dif
conduction band structure. By using a spectroscopic technique directly sensitive to the
number of charge carriers produced by two-photon absorption, researchers can design
optoelectronic devices to leverage multi-photon processes to improve energy efficiency
in lighting and energy storage technologies.
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Determination of the IR Refractive Indices Through Modeled Sum Frequency
Generation

Thorn Dramstad?, drams002@umn.edu, Aaron M. Massari2. (1) Chemistry, University
of Minnesota Twin Cities, St. Paul, Minnesota, United States (2) Univ of Minnesota
Chemistry, Minneapolis, Minnesota, United States

Pulsed high intensity lasers propagating through a layered optically-nonlinear material
stack can engender higher order wave-mixing events. Generation of an outbound sum
frequency beam can occur at the noncentrosymmetric material boundaries. The
presence of a vibrational mode within the frequency range of the incident IR beam leads
to resonant enhancement of the signal. Quantitative knowledge of the nonlinear
responses is only possible through a modeling routine. In a transfer matrix based
routine the geometry of the system along with the refractive indices of each material
layer are essential. Outsourced determination of the refractive indices in the IR range
can be both time-intensive and costly if an analysis method is not readily available to
the user. To overcome this restraint we have developed a vibrational sum frequency
generation spectroscopy fitting routine capable of approximating the refractive indices of
a vibrationally active material layer in tandem with the nonlinear responses. A number of
experimental pathways are available to a user to improve confidence in the
measurement; the viability and error of several are discussed. The uncharacterized



material overtop a range of resonantly-inactive substrate thicknesses sampled across a
series of polarization measurements supplies the highest confidence when used to
globally fit the refractive indices.

2021 GLRM 9

Energetically Remote Modulation of Spin-Polarized States in Metalloporphyrins
using Cavity Polariton Formation

Aleksandr Avramenko, gf9147@wayne.edu, Adedayo M. Sanni, Aaron Rury.
Chemistry, Wayne State University, Detroit, Michigan, United States

When a molecular electronic excitation exchanges energy with a resonant optical mode
faster than either system's respective decay rate, the combined molecule-cavity system
enters the strong light-matter coupling limit and drives formation of cavity polariton
states. In addition to the fact that the energies of the polaritons states can differ from
those of free space molecule by 100s of meV, cavity polariton formation causes
guantum entanglement between molecular electrons and cavity photons. Porphyrins
serve as excellent systems for studying cavity polaritons due to their application as a
model light harvesting molecule, their large transition dipole moment, and the ability to
tune their excited state dynamics through ligation of different metal cations to the
porphine ring. In this study we examine how the phtophysics of two sets of porphyrin
samples are impacted by formation of molecular polaritons. First, we show polariton
formation causes changes in the energy splitting between the doublet and quartet states
of the porphyrin triplet manifold which decreases the lifetime of the triplet state. Second,
we examine the properties of cavity polariton states formed from nearly degenerate
electronic transitions localized on two distinct porphyrin species. We form polaritons by
constructing a Fabry-Pérot resonator consisting of three layers: distinct polymer layers
doped with free base tetraphenylporpyrin and CuTPP, respectively, spatially separated
a silicon dioxide layer. We use steady-state light emission spectra to assess how the
entanglement between different porphyrin species mediated by cavity polariton
formation facilitates interactions between the triplet manifolds of each respective
molecule. This study demonstrates how the excited state populations of lower lying
excited states are impacted by cavity polariton formation and highlights the role cavity
polaritons may play in spin-dependent excited state photophysical processes such as
singlet fission.
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On the impact of amino and carbonyl functionalization on the photostability of
canonical RNA and DNA pyrimidine nucleobases

Sean Hoehn, sxh905@case.edu, Sarah Krul, Carlos E. Crespo-Hernandez. Chemistry,
Case Western Reserve University, Cleveland, Ohio, United States



The nucleic acid bases that we know today are thought to have originated from simple
precursors also referred to as proto-biotic RNA. These molecular ancestors of RNA and
DNA may have formed from a vast number of organic compounds found on early Earth
and/or delivered by meteorite infall. Understanding the evolution of chemical synthesis
rangingf r om t hose precursors to todayodos canoni cal
answering questions to the chemical origins of life. Among other factors, ultraviolet
radiation (UVR) from the sun should have played a key role in shaping and selecting the
building blocks of life. Whether the carbonyl and/or amino group substituents played any
role in regulating the photostability of the canonical pyrimidine nucleobases is currently
unknown. The biological relevance of the pyrimidine chromophore and its carbonyl- and
amino-substituted derivatives make these molecules excellent candidates for
investigating how their interaction with UVR may have enabled the selection of the RNA
and DNA pyrimidine nucleobases on early Earth. Time-resolved spectroscopic results,
complemented with quantum-chemical calculations, will be presented, which lend
support to the idea that functionalization at the C2 and C4 positions of the pyrimidine
chromophore has a preponderant role in controlling the inherent electronic relaxation
mechanisms and photostability of the DNA and RNA pyrimidine nucleobases and their
derivatives.

The authors acknowledge the National Science Foundation (Grant No. CHE-1800052)
for financial support.
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Structure and Nucleation of Water and Ice next to Charged Polymer Brushes

Nathaniel Orndorf, naol5@uakron.edu, Stephen Merriman, Ali N. Dhinojwala. Polymer
Science, University of Akron, Akron, Ohio, United States

Materials and coatings that prohibit ice nucleation or show a low ice adhesion strength
are of interest to protect structures such as aircraft, solar panels, wind turbines, and
power lines from severe icing events. Specifically, polymer brush coatings have been
shown to exhibit |l ow ice admhecizam| £t wangtrld ky
interface below 0 °C which acts as a lubrication layer when shearing the ice off of the
surface. Additionally, it has been shown that changing the counterion of a charged
polymer brush significantly affects its ice nucleation temperature. Here, we examine the
molecular structure of water and ice next to charged polymer brush surfaces with sum
frequency generation spectroscopy (SFG). An SFG signal only results from a break in
centrosymmetry, meaning it is surface and interface selective on the order of a few
molecular layers. Thus, the vibrational peak locations and intensities is used to gain
understanding of the molecular structure of both the polymer brush and the water
molecules at their interface. Collecting SFG spectra at various temperatures provides a
precise measurement of the heterogeneous nucleation temperature on the polymer
brush surfaces. Comparison of the heterogeneous nucleation temperature and
molecular structure of ice at the polymer brush interface as a function of temperature



between differently charged brushes provides insights on the mechanisms behind anti-
icing and low ice adhesion surfaces.
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NOVEL TRIPLET ORGANIC DONOR-ACCEPTOR DYADS FOR LIGHT
HARVESTING APPLICATIONS

Young Ju Yun?, yyun5@hawk.iit.edu, A. Jean-Luc J. Ayitoul2, (1) Chemistry, lllinois
Institute of Technology, Chicago, lllinois, United States (2) Chemistry, University of
lllinois at Chicago, Chicago, lllinois, United States

Donori acceptor chromophoric systems (Di A) are important scaffolds for several lighti
harvesting/initiated processes and devices including light emitting diodes, photoi
catalytic/redox systems and photovoltaics cells. In a Di A system, to maximize the
energy/charge transfer processes or excited state interactions, it is ideal to link the
donor and acceptor chromophores using a molecular template or spacer. To this end,
we devised several dyads using purely organic triplet energy donor and readily available
polyaromatic chromophores (e.g. perylenes and anthracenes). Furthermore, using
advanced spectroscopic methods, we characterized our Di A dyads. Importantly, the
dyads of our interest can also harvest, transform and modulate visible light. My
presentation will detail the synthesis and photophysical characterization of novel triplet
Di A dyads. | will also highlight our ongoing efforts in utilizing these dyads to achieve
triplet-triplet annihilation based photon upconversion.
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Spectroscopic study of the stabilized single-site Ru-based water oxidation
catalysts by incorporation in UiO-67 MOF

Alireza Karbakhsh Ravaril, akarbakh@purdue.edu, Roman Ezhov?, Yulia Pushkar2.
(1) Purdue University, West Lafayette, Indiana, United States (2) Department of
Physics, Purdue University, West Lafayette, Indiana, United States

Artificial photosynthesis could promise abundant energy, but implementation is currently
limited by a lack of control over the multi-electron catalysis of water oxidation and the
availability of active and stable water oxidation catalyst s . [ Ru-{ddomyH-@)]5, 506
() and cis-[ Ru ( b p-dchyeDoF* (2) (t py =2 ;t 2Nj;peyNj,i Mrij ne; bpy=2,
bi pyri dd atep y-BigyfINND , -8iddfboxylic acid) water oxidation catalysts

were investigated. Both (1) and (2) c o n t a rdobpy3digabdp making it possible to
incorporate them into UiO-67 metal-organic frameworks (MOF), Figure 1.

For (1), we showed in-MOF catalytic activity by comparing the amount of oxygen that
evolved for the particle of different sizes. We concluded the redox-hopping charge
transport is sufficient to promote chemistry throughout the MOF patrticles. This in-MOF
reactivity and immobilization of the catalyst shut off the degradation pathways that are
common in homogeneous solution and hence makes the catalyst more robust.



Resonance Raman spectroscopy incorporates (1) into MOF prevents dimerization.
Raman measurement confirms the Ru oxo bond formation in MOF. These
measurements were possible because the resonance Raman only enhances the signal
form (1), not the bulk part of MOF.

For (2), Itds oxidation
than parent cis-[Ru(bpy)2(H20)2]?* compound. The rate of Oz evolution by (2) is first
order on catalyst indicating reactivity via water nucleophilic attack pathway. RuV
intermediate was detected in the reaction mixtures by XAS and Raman. The RuV=0
was found to be ~1.72 A by EXAFS and having ~810 cm! frequency in Resonance
Raman (-40 cm™ 160/180 isotope shift). DFT calculations of redox potentials, vibrations
and DG of the reactions are in good agreement with the experiment.
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Resonance Raman characterization of the cyano adducts of human heme
oxygenase
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Tapiwa Chiura, tapiwa.chiura@slu.edu, Piotr J. Mak. Chemistry, Saint Louis University,
Saint Louis, Missouri, United States

The human body contains an abundance of heme enzymes that have diverse functions,
including catalysis, oxygen transport and redox reactions. Since free heme is cytotoxic,
it is essential for the body to metabolize the free heme that comes from degradation of
these proteins. Human heme oxygenase (hHO-1) is an enzyme that catabolizes heme
through a multi-step reaction into biliverdin, with the release of CO and ferrous iron.
Heme degradation i s -snesecabansfaribtated byiacydrogen t he U
bond network cluster that comprises the aspartate 140 residue and two water
molecules. To probe this hydrogen bond network, we investigated the cyanide adducts
of hHO-1. Cyanide is highly anionic and sensitive to subtle changes in active site
polarity and steric hindrance, therefore, it is an efficient probe for active site
perturbations. In this work, we used resonance Raman spectroscopy to probe the CN-
adducts of wild-type (WT) hHO-1 and its D140 mutants. We showed that the Fe-C-N
fragment adopts a tilted configuration with a tilting angle larger than that of typical
histidine ligated heme proteins.
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Molecular Vibrational Insights into Ice Nucleation: Interfacial Electric Fields and
Fatty Alcohol and Acid Hydration

Maria G. Vazquez de Vazquez!, vazquezdevasquez.1@osu.edu, Kimberly A. Carter-
Fenk?!, Laura McCaslin?2, Emma E. Beasley?, Jessica B. Simpson?, Heather C. Allens.
(1) Chemistry and Biochemistry, The Ohio State University, Hilliard, Ohio, United States
(2) Combustion Research Facility, Sandia National Laboratories, Livermore, California,
United States (3) Ohio State Univ, Columbus, Ohio, United States

At mospheric ice nucleation (I N) has a great
global precipitation patterns in regions where temperatures are lower. Prior studies have
shown that sea spray aerosol (SSA) composition contributes to cloud and ice formation
in our atmosphere. Despite their evident environmental importance, existing global
climate models do not properly account for the effects of SSA ice nucleation. It is well
known that alcohol monolayers favor IN than its fatty acid counterparts. Yet, recent
evidence suggests that when the crystalline phase is present in long-chain fatty
monolayers, they can nucleate ice at warmer temperatures than -36 °C. Thus, further
studies on fatty acid and alcohol monolayers are crucial to understanding the chemical
and physical mechanisms of ice nucleation. In this work, long-chain alcohol and long-
chain acid monolayers at the air/water interface are studied via surface pressure -
surface potential isotherms as well as infrared reflection-absorption spectroscopy
(IRRAS) at 21 °C and 0 °C to investigate interfacial electric fields, hydrations effects,
and the vibrational spectral signals of the ice-nucleating process. A large enhancement
in surface potential (+100 mV) of the long-chain fatty alcohol monolayer is observed,
suggesting an increase in ordering relative to the surface normal. In the OH stretching
region of the IRRAS spectra, two main bands are observed at ~3250 and ~3600 cm™,



Surprisingly, analysis of the -OH stretching features in the IRRAS spectra showed
remarkably similar 15t hydration shell signatures for the alcohol -OH moiety and
carboxylic acid head group, contrary to their significant chemical differences. To identify
the underlying vibrational structure of these bands along with their temperature
dependence, the following cluster systems are studied: propanol + 6H20 and propionic
acid + 10H20 to simulate the infrared (IR) spectra which are computed from ab initio
molecular dynamics (AIMD) calculations and the fundamental vibrational structure of IR
features is analyzed at room and freezing temperatures.
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Probing Macroscopic Properties of Ferroelectric Materials Using the Microscopic
Description of Vibrational Anharmonicity

Sachithra T. Wanasinghe, gw7915@wayne.edu, Adedayo M. Sanni, Sydney N. Lavan,
Aaron Rury. Chemistry, Wayne State University, Detroit, Michigan, United States

The spontaneous switching of electric polarization in ferroelectric material has provided
diverse entries into applications such as electronics, electromechanical and optical
devices. However, there are gaps in understanding how microscopic electrostatic
interactions of hydrogen-bonded ferroelectric materials such as 2-methylbenzoimidazole
(MBI) control the macroscopic properties used in the above applications. According to
the literature, the molecular vibrations can act as a probe for microscopic electrostatics.
We performed temperature-dependent polarized Raman spectroscopic measurements
for the MBI powder to determine if molecular vibrations can assess microscopic
electrostatics of a molecular ferroelectric crystal. We observed that few Raman peaks
have been shifted to higher frequencies when reducing the temperature from 298 K to
78 K. Furthermore, an uneven distribution of peak shifts was observed around 198 K-
168 K. The density functional theory (DFT) calculations were used to understand the
fundamental physical phenomena behind these vibrational shifts with respect to
temperature. Temperature-dependent X-ray diffraction experiment revealed that the
observed uneven peak distribution was not due to a phase transition in MBI. DFT
calculations and the developed theoretical anharmonic model in our lab was used to
examine whether vibrational anharmonicity could describe these peak shifts.
Specifically, we measure the relationship between temperature-dependent changes in
the electronic densities and anharmonic vibrational properties using the quartic term
expansion of the interatomic potential energy of MBI. We compared the anharmonic
model with experimental peak frequencies using the curve fitting method. Best fitting
parameters were observed while changing the experimental frequency towards
harmonic frequency. DFT calculated data has overestimated the peak positions due to
harmonic approximation. In conclusion, we note the peak shifts observed are most likely
due to thermally driven changes to the average occupation of other lower frequency
intermolecular vibrations interacting with the higher frequency Raman-active vibrations
of MBI. This study thus provides a fundamental insight into the microscopic properties of
MBI, central to their importance in next-generation electronic applications.
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The Detection of Biomarkers Using SERS

Nicholas E. Schlotter, nschlotter@hamline.edu. Chemistry, Hamline University, Saint
Paul, Minnesota, United States

This paper explores the use of surface enhanced Raman spectroscopy (SERS) as a
detection method applied to the immunological sandwich assay to detect biomarkers
and ways to further enhance the method. The detection of biomarkers is fundamental to
the treatment and control of diseases. Early detection (often before clinical observation)
is required for the control of many diseases. Tuberculosis being an example where a
person can have dormant bacteria that needs to be treated to eliminate propagation
from occurring at a later time. SERS provides a very sensitive, semi-quantitative way to
detect biomarkers when there are available antibodies to the biomarkers. This approach
also is a candidate for field testing in areas with limited technology due to the rapid
development of portable Raman systems and lateral flow sampling technology. We
have developed a biomarker/antibody model system that can be safely handled in all
labs to work on sampling methodology improvements. We have also begun to apply this
approach to looking at the HER2 breast cancer biomarker which is significant to which
treatment method should be used for effective results.
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Hydroxyapatite: Structure Modification with Bisphosphonates to Increase
Substrate Affinities

Rebecca Litvak?, rebecca.litvak06 @myhunter.cuny.edu, Elyas Amin!, Shanjeed Alil,
Sreejan Sahatl, Darvin Huang?, Victoria Cagle!, Spiro Alexandratos?. (1) Hunter
College, Staten Island, New York, United States (2) Hunter College City University of
NY, New York, New York, United States

Dyes, metal ions, and other toxic byproducts from numerous industries have polluted
bodies of water for a long time and have desolated homeostatic ecological conditions.
Dyes are often used in paper, plastic, and textile production. Dyes such as methylene
blue, phenol red, and Janus Green B are known to cause many health and ecological
problems and are the focus of our studies since it is vital to have a method of purifying
textile wastewater.

Hydroxyapatite (HAP), Cas(PQOa4)3(OH), is an environmentally safe and inexpensive salt
that can function as an adsorbent to purify water of ecosystem-threatening pollutants.
Our objective was to convert HAP into a new biocompatible material with a very high
affinity for substrates such as dyes. Modifying the HAP by adding 1 Ethylidene-1,1-
Diphosphonic Acid (HEDPA) can increase the affinity for dyes, one of the major
pollutants of bodies of water, and may improve its selectivity. This study reports results
with HEDPA modification.



To test modified HAPs6 (mHAPs6) affinities fo
been developing an isotherm contact procedure, where we have HAP or mHAP come

into contact with various concentrations of dye solution, and a control set alongside

them to determine the extent of adsorption. Performing many of these contact

experiments on different dyes with varying concentrations will also show the difference

in adsorption patterns between dyes.

The improved isotherm contact procedure tested with dye and HAP modified with
HEDPA will determine the strength difference in their adsorption of dyes in agqueous
solutions. The modified crystals are studied in terms of FTIR, XRD, and NMR. The
isotherms for HAP and modified HAP were analyzed with the Langmuir and Hill
Equations. The significance of the difference between the S-shaped isotherm for HAP
and the standard isotherm behavior for modified HAP will be discussed.
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Exploring the Structural and Optical Properties of Vacancy Ordered Quadruple
Perovskites

Noah P. Holzapfell, holzapfel.31@buckeyemail.osu.edu, Matthew B. Gray?, Jackson
D. Majher!, T A. Strom?, Curtis E. Moorel, Patrick M. Woodward?. (1) Chemistry, The
Ohio State University, Pickerington, Ohio, United States (2) MRL, University of
California Santa Barbara, Santa Barbara, California, United States

The structural, optical, and magnetic properties of the vacancy-ordered quadruple
perovskites Cs4CdBi2Cli2 and CssMnBi2Cli2 and their solid solution have been
investigated. Both compounds are found to crystallize with R-3m space group symmetry
that arises from ordering of Bi®*, Mn?*/Cd?*, and cation vacancies into layers that run
perpendicular to the <111> direction of the cubic perovskite structure. We further
explored the structural and optical properties by substituting Br' and I' into
CsaM'"M!">Cl12 (M = Cd?*, Mn?* and M!" = Bi®*, Sb3*). The larger halide ions (Br' or I')
preferentially occupy the anion sites adjacent to the cation-vacancy layer. In those
compositions where M'" is Cd?*, incorporation of bromide ions leads to substantial
M'"/vacancy antisite disorder, which is accompanied by a more even distribution of
bromide substitution over the two chemically distinct anion sites. The CsaCdM">Cl12
compounds can incorporate over twice the amount of bromide as analogous Mn?*
containing compounds, with a maximum of 29(2)% bromide substitution found for
Cs4CdSh2Cli2. lodide incorporation is more limited, with a maximum of ~6% halide
substitution for Cs4CdBi2Cli2. The incorporation of the heavier, less electronegative Br'
andl'i ons results in a red shift of the onset o
fashion. The effect is largest for Cs4CdBi2Cli2i Xz, where the absorption onset shifts
from 3.20(1) eV to 2.99(1) eV as the composition changes from Cs4CdBi2Cli2 to
Cs4CdBi2Cls.9Br3.1.
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Topochemical deintercalation of Li from layered LiNiB: towards 2D MBene

GOURAB BHASKAR, gbhaskar@iastate.edu, Volodymyr Gvozdetskyi, Yulia V.
Zaikina. Chemistry, lowa State University, Ames, lowa, United States

MXenes (Mn+1Xn) are analogous to graphene where M=early transition metal, X=C or N.
Recent advances in the synthesis of these 2D layered materials by deintercalation of
MAX phases (Mn+1AXn, A=element of groups 13-14) and their applications in various
fields (supercapacitors, sensors etc.) have incited huge interest in exploring their B
analogs, MBenes. Even though bulk preparation of MBenes is still challenging, they are
theoretically predicted to have a plethora of applications in electrocatalysis, magnetic
devices etc. We studied two layered polymorphs in the Li-Ni-B system: RT-LiNiB and
HT-LiNiB (RT-room temperature, HT-high temperature). Unique layered topology with
alternating Li and [NiB] layers, along with a substantial amount of Li (33 at.%) stored in
between [NiB] layers, made these compounds promising candidates for topochemical
deintercalation of Li layers to access isolated sheets of 2D MBenes. Topochemical
deintercalation involves elimination of loosely-bonded "guest” entities from the "host"
frameworks thereby structural motif of the parent phase is preserved. Since the
structural changes are minimal, mild reaction conditions are adequate. Owing to this, we
have utilized soft chemical methods for the topochemical deintercalation of Li layers
from the LiNiB polymorphs where, different deintercalation rates are observed
depending on the chemical environment its exposed to (air, ethanol etc.). Scanning
transmission electron microscopy (STEM) and solid-state “Li and ‘B NMR
spectroscopy revealed the deintercalation process to be incomplete. Instead,
stabilization of novel metastable borides (Li-05NiB) is observed. Utilizing a state-of-the-
art synergistic combo of divergent techniques (STEM-Pair Distribution Function-Density
Functional Theory), complex crystal structures of RT-Lio.eNiB and HT-Lio.4NiB are
determined. Their crystal structures are best described as a random intergrowth of the
ordered single [NiB], double [NiB]z, or triple [NiB]s layers alternating with single Li layers.
STEM data also revealed the deintercalation process to proceed layer by layer through
a "zip-lock™ mechanism: where once a Li layer is deintercalated, the "zip-lock" is closed
and adjacent [NiB] layers condense. A change in magnetic behavior, due to the
enhanced magnetic coupling of Ni spins through the formation of [NiB]2 and [NiB]s



fragments, from temperature-independent paramagnets (parent LiNiB) to the spin-
glassiness is observed upon partial Li-deintercalation.
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Enabling Low Temperature K* Single Cation lonic Liquids Through an Unusual
Low Melting Asymmetric Sulfonamide Salt

Luke Schkeryantz!, schkeryantz.1@osu.edu, William D. Mcculloch?3, Curtis E. Moorel,
Kah Chun Lau?, Yiying Wu#. (1) Chemistry and Biochemistry, The Ohio State University,
Columbus, Ohio, United States (2) Physics and Astronomy, California State University
Northridge, Northridge, California, United States (3) Chemistry and Biochemistry, The
Ohio State University, Worthington, Ohio, United States (4) Ohio State Univ, Columbus,
Ohio, United States

A K* single cation ionic liquid (K-SCIL) contains only K* cations. When used as an
electrolyte in potassium batteries, it not only possesses the properties of conventional
ionic liquids such as nonflammability, negligible vapor pressure and good
electrochemical stability, but also increases the K* transference number, which reduce
concentration polarization of the electrolyte and improve the battery power performance.
In this study, we report K-SCILs based on the low melting (Tm ~50°C) potassium salt of
(3-methoxypropyl)((trifluoromethyl)sulfonyl) amide (MPSA"). The low melting point of
KMPSA is attributed to a relatively high degree of disorder, an unusual uncoordinated
ether moiety, and a very short K-K distance of only 3.4348(7) A amongst other factors.
Combined with potassium bis(fluorosulfonyl)imide (KFSI) the mixture of the two salts
exists as a liquid as low as -13°C, generating for the first time a room temperature K-
SCIL. This K-SCIL shows remarkable stability with K metal, plating and stripping over
300 cycles at an average CE of >95%. Evidence for a lack of K* concentration gradient
as well as a near unity K transference number were also found in this K-SCIL. This
report hopes to serve as inspiration for the discovery of even lower melting K salts to
enable low temperature K-SCIL electrolytes to take advantage of the numerous benefits
of SCILs in practical cells.
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Nitrogen Deficient Graphitic Carbon Nitride as a Host Cathode Material for Metal-
Sulfur Batteries

Adebola Ogundarel, ogundlam@cmich.edu, Bradley D. Fahlman2. (1) Chemistry and
Biochemistry, Central Michigan University, Mount Pleasant, Michigan, United States (2)
Department of Chemistry & Biochemistry, Central Michigan University, Mount Pleasant,
Michigan, United States

Lithium-sulfur batteries have attracted interest as a viable alternative to replacing Li-ion
batteries due to their high theoretical specific capacity (1675 mAhg?), which can meet
the energy demands of mobile communication devices and electric vehicles. However,



poor cyclability and capacity fading, primarily due to polysulfide shuttling, have hindered
the commercialization of Li-S batteries. This study focuses on using mesoporous
nitrogen-deficient graphitic carbon nitride as a host for the sulfur cathode. The cathode
material will be characterized by powder X-ray diffraction (XRD), BET pore size and
surface area analysis, scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and elemental analysis. Enhanced electrochemical stability resulting
from the porous morphology is anticipated based on the literature precedents of
nitrogen-deficient graphitic carbon nitride, which will impart electrical conductivity, high
surface area, strong sulfur adsorption, and large pore volumes to sequester large
concentrations of elemental sulfur. Furthermore, the porous composite structure should
offset the volume expansion and lithium dendrite formation during the charging and
discharging cycles while entraining the polysulfides intermediates, thus avoiding
parasitic reactions that deplete the sulfur cathode and corrode the lithium anode.
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Deep eutectic solvent assisted synthesis of functional materials

Adedoyin N. Adeyemi, nifemi@iastate.edu, Margarita Clemente, Yulia V. Zaikina.
Chemistry, lowa State University, Ames, lowa, United States

Deep eutectic solvents (DESs) are analogs of ionic liquids which are made up of a
hydrogen bond donor and hydrogen bond acceptors. DES components combine to give
a eutectic mixture whose melting point is lower than that of the individual components,
typically below room temperature. This allows elevated temperatures to be avoided in
material synthesis. DESs are biodegradable, non-toxic, and affordable. They effectively
dissolve transition metal oxides that are insoluble in aqueous solvents, and as a result,
they are a good replacement for corrosive acids in the solution synthesis of materials.
AgBIiS:2 and CusBiSs are semiconductors that are being investigated for the photovoltaic
properties as well as their thermoelectric properties. The properties of these functional
sulfides can be tuned depending on their synthesis routes, as this can affect their
morphology, particle size, tolerance to doping, etc. AgBiS2 and CusBiSs have been
synthesized via solid-state synthesis as well as solution synthesis involving a capping
ligand.

Here, we investigate the synthesis of AgBiS2 and CusBiSs via a microwave-assisted
DES synthesis This route is a fast and facile synthesis that excludes the need for a
capping ligand. We utilized choline chloride and thiourea as the DES of choice in these
syntheses, where thiourea is both the hydrogen bond donor and the sulfur source. The
optimal synthesis conditions, thermal stabilities, and morphologies of both compounds
were investigated. The in-situ high-temperature synchrotron powder X-ray diffraction
data which shows a polymorphic change in CusBiSs with changing temperature as well
as its thermoelectric properties will be presented.
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New expedited synthetic pathway to a multitude of novel Oxazolidinone
antibacterial agents

Connor R. Schmidt, connorschmidt36@gmail.com. Chemistry, University of St
Thomas, St Paul, Minnesota, United States

A new pathway to synthesize a multitude of novel oxazolidinone antibacterial agents
was designed. The route incorporates a starting material with a bromine substituent that
ends up on a benzene ring furthest from the oxazolidinone ring. The bromine was
replaced with a pyridine group and in the future can be replaced with various groups so
as to make further derivatives. Both the bromine substituted and the pyridine substituted
oxazolidinone compound will now be tested for antibacterial activity and bioavailability
through our CO-ADD partner in Australia. The successful route to the bromine
containing oxazolidinone can now be further used to create a variety of new
oxazolidinone derivatives by substituting the bromine with various functional groups
using Suzuki or Sonogashira reactions.
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Synthesis and Structural Study of Potential Antimalarial Drug: 1-(5-(3,4-
dichlorophenyl)furan-2-yl)-N-(piperidin-4-ylmethyl)methanamine

Chris Hoang, chris.hoang@lawrence.edu, Stefan L. Debbert. Chemistry, Lawrence
University, Appleton, Wisconsin, United States

In vitro studies of 1-(5-(4-bromo-2-chlorophenyl)furan-2-yl)-N-(piperidin-4-
ylmethyl)methanamine have shown potency against P. falciparum with 1Cs0<1000nM.
The compound has favorable properties for drug development due to the molecular
structure, with the scaffold consist of a hydrophobic head, a linker, and a basic amine
chain. A synthesis strategy based on Meer wein
proposed. Lipophilicity and pH of the analogs were expected to change upon using
different substituents for the aromatic ring at the hydrophobic head, or different amines
for the basic chain. Chemicalize by ChemAxon was used to predict both partition
coefficient (logP) and pH of potential analogs. Here, the synthesis of 1-(5-(3,4-
dichlorophenyl)furan-2-yl)-N-(piperidin-4-ylmethyl)methanamine was focused on, and
the results will be presented.
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Non-Precious Metal-Based MOFs As Catalysts For Decarboxylative Coupling
Reactions

Courtnee B. Aristil, courtneearistil@gmail.com, Cassidy Anderson. Chemistry, William
Paterson University of New Jersey, Wayne, New Jersey, United States



Decarboxylative coupling refers to a reaction in which a new carbon-carbon bond
formation happens with the loss of CO2 molecule. The reaction requires a base,
oxidant, and a metal catalyst. Developments in this research area have recently
established the frequent use of carboxylic acids, generally benzoic acid derivatives, as
they are readily available and non-toxic, with a stable nature. Most of the research in the
area has been done using precious metals, which limits the scope of these reactions
due to their limited availability, cost, and impact on the environment. During the initial
phase of this project, we have focused on the detailed study of the published reports to
develop an outline of my project. The ultimate goal in the current research is to
understand and explore the use of non-precious metals (such as Ni, Mn, Zn) as
catalysts for the decarboxylative coupling reactions. To extend this project, we also
want to explore the potential of non-precious metal-based MOFs as catalysts. The use
of metal-organic frameworks (MOFs) to catalyze various reactions among organic and
inorganic chemistry has been gaining attraction in recent years. A common drawback,
however, is the use of precious metals during the synthesis of these metal-organic
frameworks. These precious metals include iridium, platinum, ruthenium, etc., and are
very expensive to come across and not very environmentally friendly. To overcome this
drawback, the idea to use metal-organic frameworks, created by the heterogenization of
metal complexes onto the organic framework using more affordable and reusable
metals.
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FeCls-Mediated Formal Paterno-Biichi Reaction

Sophi Todtz, stodtz@luc.edu. Chemistry & Biochemistry, Loyola University Chicago,
Chicago, lllinois, United States

The Paterno-Buichi reaction is a common and efficient method for synthesizing
oxetanes. This method employs a high-energy UV-light source to activate the carbonyl
towards [2+2] cycloaddition with an alkene. Due to its radical mechanism, the Paterno-
Bichi reaction often yields mixtures of regio- diastereomers. The use of a high energy
light source may limit the Paterno-Bichi r eacti onds application ani
FeCls is a low cost, abundant catalyst frequently employed in organic synthesis. The
development of a FeCls-mediated formal Paterno-Buchi reaction is presented. This
method allows for the formation of oxetanes in up to quantitative yields without the use
of high energy UV light with high regio- and diastereoselectivity. We propose that this
reaction occurs through a concerted asynchronous formation of the oxetane, consistent
with the mechanism of carbonyl-olefin metathesis.
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Silyl-chlorides as additives for enhancing ring-closing FeClscatalyzed carbonyl
olefin metathesis



Cory Schneider, cschneider8@luc.edu. Chemistry and Biochemistry, Loyola University
Chicago, Chicago, lllinois, United States

Ring-closing FeCls catalyzed carbonyl-olefin metathesis (COM) is a powerful method for
the construction of cycloalkenes. As the reaction proceeds, a byproduct carbonyl
accumulates, forming an octahedral complex [(R2CO)4FeCl2]Cl. We have shown
kinetically that when a COM reaction reaches conditions conducive to aggregate
formation, the rate of the reaction decreases. If aggregate formation can be inhibited,
reaction efficiency will be enhanced. We present a method for the inhibition of
aggregate formation via the addition of ligands. Spectroscopic and kinetic evidence will
be presented to demonstrate the effectiveness of this simple procedural modification.
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Thiophene Fused Contorted Aromatics via a Palladium catalyzed
Cyclopentannulation and Scholl Cyclodehydrogenation strategy

Waseem a. Hussain, waseem.hussain@siu.edu. chemistry and biochemistry, Southern
lllinois University Carbondale, Carbondale, lllinois, United States

We have shown the synthesis of new class of contorted cyclopentafused polyaromatic
hydrocarbons CP-PAHSs. These contorted CP-PAHs were prepared utilizing the
modified version of our previously developed palladium catalyzed cyclopentannulation
strategy. This work shows the broadening of the scope of cyclpentannulation chemistry
to 1,2-bis(5-hexylthiophen-3-yl)ethyne with aryl dibromo derivatives of anthracene,
pyrene and perylene to yield 4,4',4",4™-(cyclopenta[hilaceanthrylene-1,2,6,7-
tetrayl)tetrakis(2-hexylthiophene) 1A, 4,4',4",4™-(dicyclopenta[cd,jk]pyrene-1,2,6,7-
tetrayl)tetrakis(2-hexylthiophene) 2A and 1,2,7,8-tetrakis(5-hexylthiophen-3-yl)-1,2,7,8-
tetrahydrodicyclopenta[cd,Im]perylene 3A. Scholl cyclodehydrogenation of the
cyclopentafused thiophene units with suitably substituted hydrocarbons chains provided
access to p-extended polyaromatic systems including 2,5,11,14-tetrahexylrubiceno[5,4-
b:6,7-b"12,11-b":13,14-b"Jtetrathiophene 1, 2,5,11,14-tetrahexyldithieno-
[4,5:6,7]indeno[1,2,3-cd]dithieno[4,5:6,7]indeno-[1,2,3-jK]pyrenes 2, and 2,9,12,19-
tetrahexyldithieno[4,5:6,7]indaceno[1,2,3-cd]dithieno[4,5:6,7]indaceno[1,2,3-Im]perylene
3. The fully conjugated contorted small molecules 1-3 provide low optical band gaps,
decent mobilities and broad absorption. The HOMO and LUMO energies of these Cp-
PAHs were found to be in the range of -5.48 to -5.05 eV and -3.48 to -3.14 eV,
respectively. Besides showing broad band absorption features, compound 1 was found
to operate as a p-type semiconductor when tested in organic field effect transistor.
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Investigating ligand design characteristics in copper complexation compounds
relevant to Al zhei merods Disease

Erik Sanchez, eriksanchez@lewisu.edu, Daniel S. Kissel. Lewis University, Romeoville,
lllinois, United States

Al zhei mer §AD) igdonesottlredeading causes of death in the United States and

is characterized by memory loss due to neurodegeneration from oxidative stress and

over-e x pression of t he -A2nwithiothedraib. Thise pt i de ( Ab
neurodegeneration is the result of Reactive Oxygen Species (ROS) formed via Fenton
Decomposition and Haber-We i s s Re a ct i-é2nnderagtdmethncoppdn ions.

Metal chelation therapy has proven to be a promising area of research to combat ROS-
induced neurodegeneration by disrupting the redox cycling of copper that occurs upon
binding to t hed42arhetwork mesented hereirodiscugsés the syntheses

of a series of sulfur containing ligands that could potentially inhibit redox cycling of the

copper-amyloid complex. Two of thes e | i g a-thiddipyridirge (C2BS) and 1,10-
phenanthroline-2-thiopyridine (TPP), have previously shown potential as effective
Al zhei merés disease treatments. Previous cycl

ligands are effective copper chelators that limit reduction of Cu' to Cu' thereby
decreasing the production of ROS. The novel sulfur containing quinoline ligands, 1-( 2 6
thiopyridyl)isoquinoline (1TPIQ) and 2-( 2thbopyridyl)quinoline (2TPQ), were also
synthesized for this study based on important ligand design characteristics commonly
implemented in copper chelators from the literature. Furthermore, UV/Vis titrations were
conducted to determine the protonation equilibria of these ligands in solution at different
pH.
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Growth of Lab Safety Teams at the University of Minnesota

Spencer Reisbick, reisbicks@gmail.com. Brookhaven National Laboratory, Upton,
New York, United States



The University of Minnesota has rapidly produced one of the most prominent, student-
led safety organizations in the country since the Joint Safety Team (JST) began in
2012. Initially, the organization began with a handful of individuals and faculties who
were aware of major differences and deficiencies between academic and industrial
safety culture. The JST has expanded to include teams associated with training and
developing research safety habits to incoming student scientists. Here, | will discuss the
growth and progression of the JST including many of the fallbacks and difficulties such
that arising organizations can avoid them. Further, | will discuss the importance of lab
safety teams (LSTs) and their role on the effectiveness of the JST. Specifically, under
the Minnesota model, each research group has designated officers who lead their
specialized research team under the guidance of the principle investigator. These
leaders work within broader teams of the JST to develop procedures, habits and a
community which values safety in conjunction with science rather than as a hurdle.
Overall, the safety culture at the University has been built on a platform of community
and dedication which has produced a premier environment for students and
postdoctoral researchers and | intend to share the development that | observed during
my time in the organization.
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Learning experience reports improve academic research safety

Yangming Kou?, Xiayu Peng?, peng0254@umn.edu, Claire Dingwelll,
dingw045@umn.edu, Spencer Reisbick?, lan A. Tonks?, Anna Sitek3. (1) Chemistry,
University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2)
Chemical Engineering and Materials Science, University of Minnesota Twin Cities,
Minneapolis, Minnesota, United States (3) Department of Environmental Health and
Safety, University of Minnesota, Minneapolis, Minnesota, United States

While lab accidents that involved personal injuries or significant property damage are
required to be reported by law, many minor lab incidents or near misses are less
frequently reported, especially in an academic research environment. However, public
awareness of these stories and incidents create valuable learning opportunities and can
prevent similar mishaps from happening in the future. Inspired by a near miss reporting
system from the Dow Chemical Company, the University of Minnesota Joint Safety
Team, a student-led safety initiative between the departments of Chemistry and
Chemical Engineering and Materials Science, developed the Learning Experience
Reports (LERS) system as a platform to self-report and share safety stories occurring
within the two departments. LERs are short, anonymous, voluntary submissions by
researchers who were either directly involved with or witnessed a safety-related
incident, near miss, or observation of unsafe practices. In this report, we compiled and
analyzed 85 LERs submitted by researchers from Departments of Chemistry and
Chemical Engineering & Materials Science at the University of Minnesota during 201471
2019. Most notable from our results was that the top three most frequently occurring
hazards were spill, fire, and equipment failures. LERs encourage open discussions of
lab incidents and near misses through honest, compelling stories among academic



researchers and educate researchers to follow better lab practices. For university
administrators, LERs complement existing hazard assessment and incident reporting
methods and allow a better understanding of the current research safety landscape
among the student body. For researchers, the LER system allows them to develop
safety awareness at an early stage and benefit their future careers. Hence, we strongly
recommend academic research institutions to adopt a similar LER system to improve
the safety culture in academia. Here, we outline the logistics required to implement an
effective LER distribution system as well as provide the cumulative data in order to ease
the setup of a system for others.

Learning Experience Reports

Student-led,
department wide initiative

’ Encourages open discussion
' i of lab incidents & “near misses”

\ . Develops safety awareness

for future career opportunities
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Recent Advancements in Northwestern Universit
Initiative

Laura Bancroft, LauraBancroft2022@u.northwestern.edu, Megan C. Wasson,
meganwasson2022@u.northwestern.edu, Allison Deuvitt,
allisondevitt2023@u.northwestern.edu, Anna V. Bay,
annadavies2023@u.northwestern.edu. Chemistry, Northwestern University, Evanston,
lllinois, United States

In late 2017, Northwestern University (NU) graduate students formed a student-
led safety task force known as the Research Safety Student Initiative. Similar to
other Lab Safety Teams (LSTs) that have formed in recent years, our mission is to
advocate for academic research safety from a student perspective by providing
education, resources, and training to the Northwestern community and beyond.
RSSI has organized events that have become tradition for the Northwestern STEM
community, such as our annual Safety Awareness Week (SAW). This event has
historically involved a keynote address followed by daily in-person booths
highlighting a daily safety topic to the STEM research community. Our typical
programming for SAW was adapted to a virtual format in light of COVID-19
restrictions. We developed a comprehensive series of events including virtual
scavenger hunts, workshops, and trivia to engage the NU community. Through
the daily scavenger hunts, we introduced the NU community to RSSI and



research safety resources in addition to general lab safety information, while the
workshops more specifically focused on fire safety and peroxide-forming
chemicals. We also identified two key areas - glove compatibility and electrical
safety - where the research community requested more information, and we will
develop further training modules and other initiatives to fill these needs.
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Supporting Student-Led Safety Initiatives | What does it take to help others lead?

Michael B. Blayney, michael.blayney@northwestern.edu. Research Safety,
Northwestern University, Evanston, lllinois, United States

Student-centric safety initiatives in higher education continue to grow across the
country. Fundamental to this process is providing the right balance of institutional
support, independence, and autonomy to allow students to lead without compromising
the autonomy they needed to be successful and sustainable.

In this presentation, Northwestern will share how the Research Safety Student Initiative
(RSSI) has grown since its inception nearly five years ago and how Research Safety
provided a base of operations and budget support without interfering in how RSSI
operates or sets its agenda. The discussion will cover a wide range of topics will -- from
the practical to the philosophical. The presentation is intended for anyone interested in
supporting student programsad faculty, staff, students and administrators, alike.
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Evaluating the success of aworkshop focused on student researcher-led
academic laboratory safety

Jessica A. Martin, jessica.a.martin@uconn.edu. Department of Chemistry, University
of Connecticut, Storrs, Connecticut, United States



The aim of the ACS CHAS AEmpowering Academic
Cultureo workshop is to provide resources and
interested in starting or improving graduate and postdoctoral researcher-driven safety

programs at their own institutions. To determine whether or not the workshop was

succeeding, two surveys were designed and distributed among attendees at three

different time points the workshop was conducted. One survey was distributed right

after the attendees completed the workshop, and the second survey was distributed 3

months after the attendees completed the workshop. The surveys were designed to

probe attendee knowledge acquisition of key topics throughout the workshop, personal

attitudes towards components of laboratory safety, and actions planned and taken

around laboratory safety in the months after completing the workshop. The results of

these surveys will be discussed.
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Toward gender equity in the sciences: IUPAC and the ISC gender gap project

Mark C. Cesal?, markcesa@comcast.net, Mei-Hung Chiu32. (1) INEOS USA LLC
(Retired), Naperville, lllinois, United States (2) International Union of Pure and Applied
Chemistry, Research Triangle Park, North Carolina, United States (3) National Taiwan
Normal University College of Education, Taipei, Taiwan

The proportions of women in chemistry and the natural sciences has been historically

low, and there are persistent gaps between women and men in terms of opportunity,

pay, and life experiences. The International Science Council funded a three-year project
in2017-2019 entitl ed, AA Gl obal Approach to the (
Computing and Natural Sciences: How t o Measure |It, How to Rec
to measure these gaps and to develop recommendations for improvement in gender

equity. A global survey gathered information from more than 24,000 respondents about

their educational backgrounds, experiences in their academic training and employment,

home environment, and opportunities for growth in their professions. A study of

publication patterns examined the proportions of women authors of articles in scientific

journals, including trends over time. A Web-based searchable compilation of good

practice highlights initiatives from around the world that aim to reduce the gender gap.

In their report, the gender gap project team make a series of recommendations for

increasing the participation of women in science, including recommendations aimed at

teachers and parents, scientific unions, and local and national organizations. In the

International Union of Pure and Applied Chemistry, IUPAC, work continues on

measuring the gender gap and revealing trends toward gender equity in the chemical

sciences. Finally, a new Standing Committee for Gender Equality in the Sciences has

been formed by several international scientific unions with the aim of continuing work

toward gender equity.
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Identifying Opportunities to Improve Gender Diversity Among Chemistry Faculty



Mindy Levine, mindy.levine@gmail.com. Chemical Sciences, Ariel University, Ariel,
Israel

Despite significant success in addressing gender disparities in chemistry at the
undergraduate and graduate level, gender disparities among chemistry faculty members
persist. This gender gap is particularly acute among tenured, full professors, which has
led policy makers to conclude that a "leaky pipeline" exists for female chemistry faculty
members. Opportunities to address this leaky pipeline abound, and include both formal
policy change and informal culture change. As a female associate professor who has
worked in two institutions across two continents, | have both experienced issues that
can contribute to the "leaky pipeline" and worked directly on efforts to address those
leaks. A general perspective, focused on opportunities for increasing gender diversity
through comprehensive change, will be presented herein.
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Improving recruitment and retention of women in science

Beza Tugal, tuga0002@umn.edu, Celina Harris!, Kathleen S. Shafer?, Letitia J. Yao®.
(1) University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2) 3M,
Maplewood, Minnesota, United States (3) University of Minnesota, Minneapolis,
Minnesota, United States

The Chemistry Chapter of Women in Science and Engineering (WISE) at the University
of Minnesota has existed in some form since the early 1990s. WISE is composed of
faculty, staff, postdoctoral researchers and graduate students within the departments of
Chemistry and Chemical Engineering. Throughout the years, the focus has been on
improving the recruitment and retention of women in the chemical sciences. This is
accomplished through a variety of programming initiatives geared towards networking,
professional development and outreach. WISE currently focuses on an annual hands-on
outreach event for junior high girls (ACool C
female professionals. Through Cool Chemistry, WISE is able to introduce young girls to
fundamental chemistry concepts using science demonstrations with the ultimate goal of
sparking their interest in a career in STEM. Our monthly seminars feature speakers
from a variety of careers to provide members of WISE with an opportunity to network
and learn more about different careers in chemistry and related sciences.

WISE has served as a model for other student organizations, particularly as an

established chemistry graduate student organization that provided leadership
opportunities for the departmentdés graduate <c
ot her student groups, WI SE was | eading nearly
seminars) for the department (e.g., written and oral help sessions, career workshops).

This presentation will provide an introduction to WISE in addition to various

programming efforts to improve the recruitment and retention of women in science.
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Radium, the Womends El ement: A Historical Ana
Disproportional Effect on Women During the Radium Craze

Nicole Yost, yostlnk@alma.edu, Melissa M. Strait. Alma College, Alma, Michigan,
United States

Radium turned the world of chemistry upside down. Not only was the discovery made

by Marie Curie in partnership with her husband, earning her a Nobel Prize, the element

also became entwined in mainstream culture. It was a household name due to its
advertisement as a fiwonder drugo, but al so a
naturally had. Radium was everywhere, from makeup to medicine to musicals. While
research was catching on to the dangers of radium, it would take many years to get it off
the main ingredients list. Until then, radium was a staple in the lives of women
everywhere, especially in the early 1900s as they were hired to paint watch-faces with a
glowing radium paint that would eventually lead to numerous health side-effects. So,
throughout radiumdés time in the public e
better or for worse, radium pul | ed women into the worl d
intends to show the correlation between the prominent radium consumerism and the
disproportionate effect that these products had on women during the Radium Craze
through a feminist lens. Topics include exploring the response to Marie Curie

di scovering the el ement and how she developed
Radium Craze affected the make-up industry, and how the Radium Girls were able to

reform industry policies regarding health and safety, through biographies and other

prominent literature on the subject.
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Female, Russian, Jewish, successful. Irma Goldberg (1871-1939+) and her
eponymous reaction.

Megan L. Gawlitta, David E. Lewis, lewisd@uwec.edu. Chemistry and Biochemistry,
University of Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States

Irma Goldberg is the only woman organic chemist to have an eponymous reaction
under her name alone: the Goldberg reaction, which is an amination of halobenzenes
with anilines and benzamides in the presenve of a copper catalyst and potassium
carbonate as a base. In an era when women were seldom accorded the accolades for
their discoveries (look at Lise Meitner and Oto Hahn: he left her off the paper describing
her discovery, and he got the Nobel Prize for her work), this makes Goldberg unique.
Goldberg was born in Moscow in 1871. Twenty years later, the Jews were expelled from
Moscow, so she and her family moved to Geneva soon thereafter to allow Irma to study
chemistry. In 1895, she met Fritz Ullmann, unde whom she took her Ph.D. in 1897. She
remained as Ullmann's Assistant until 1910, following him to the Technisches
Hochschule in Berlin in 1905. She and Ullman married in 1910; they returned to Geneva
in 1923 when Ullmann took up a Professorship there. Details of her death are unknown,



but she did appear in the list of signatories to a memorial celebrating her husband in
1939.

4 ; E
< Br > 2C03 Cu
PhNO,,3h.A
NH,
o CL
CO,H
q COH )
(13eq.) Ber. dtsch. chem. Ges. 1906, 39(2), 1691-1692.
E ; E=Y Ber. dtsch. chem. Ges. 1907, 40(4), 4541-4546.
< Br > K,CO;, Cu : "NH
NH, PhNO,,3 h,A @0
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. . X=H, 50%

X=OH, 56%
The Goldberg reaction
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Dual Inhibition of Protein Tyrosine Phosphatase-1 b a n dxydemnape by
Terpenoids

Sharada Buddha, Huguette Clemente, clemente.h01@mymail.sxu.edu, Max Garcia,
garcia.m37@mymail.sxu.edu, Adrian Delgadillo-Silva,
delgadillosilva.a01@mymail.sxu.edu. Chemistry Department, Saint Xavier University,
Chicago, lllinois, United States

Protein tyrosine phosphatase-1 B ( PTP1b) is responsible for th
insulin signaling and a therapeutic target for diabetes, cancer, and inflammation.

Tremendous growth has been made in finding PTP1B inhibitors that come from natural

sources and exploring PTP1B regulatory mechanisms. Lipoxygenase is also indicated

in trigerring inflammation and allergic reactions. The goal of our research is to see if the
terpenoids, Thymoquinone and D-Carvone inhibit protein tyrosine phosphatase-1B

(PTP1b) and | ipoxygenase (LOX). Thymoquinone
used as a drug for many ailments since ancient history such as asthma, hypertension,

diabetes, inflammation, cough, bronchitis, headache, eczema, fever, vertigo, and

influenza. Carvone is a terpenoid that has D and L enantiomers which have very

different reactivity. For this research, we are using the D enantiomer which has been

used for digestive drugs in humans and animals but has also been used in some



essential oils for its pungent caraway smell. Our present results indicate that
Thymoquinone and D-Carvone at 100 micromolar concentration inhibit Lipoxygenase by
50. 8% and 34. 3% respectively and inhibit PTP1
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Mediation of the uncoupled eNOS pathway following oxidative stress using
tetrahydrobiopterin and nitric oxide donor drugs

Brianna Munnich, bvmunnich@olivet.edu, Willa Harper. Chemistry, Olivet Nazarene
University, Bourbonnais, Illinois, United States

The eNOS pathway, found in the endothelium of blood vessels, is a key regulator of
nitric oxide levels in the circulatory system. The pathway is controlled through several
positive and negative feedback loops. The cofactor tetrahydrobiopterin (BH4) is a major
control point in this pathway and under conditions of stress can be reduced to
dihydrobiopterin (BH2). When the reduced form is predominant, the pathway produces
reactive oxygen species (ROS) rather than nitric oxide, causing stress and damage to
the vessels. In this study, different treatments were studied to determine which was
most effective in restoring BH4 levels in the eNOS pathway of bovine aortic endothelial
cells (BAECSs). Nitric oxide supplementation was the main focus of this study and was
tested as a stand-alone treatment and as a combined treatment along with a BH4 donor
drug, sapropterin dihydrochloride. Following the two treatments, only the BAECs given
the nitric oxide donor drug showed levels of BH4 higher than the untreated control cells.
The cells treated with 25 mM nitric oxide donor drug and 2.5 mM BH4 donor drug
showed levels of BH4 that were most similar to the untreated control cells with a
concentration of approximately 27 mM BH4.
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Identification of Novel Uric Acid Gluconucleosides in Caenorhabditis elegans

Brian J. Curtis?l, bc632@cornell.edu, Lee Joon Kim¢, Chester J. Wrobell, James M.
Eagan34, Rubin A. Smith?, Jessica E. Burch®, Henry H. Lel, Alexander B. Artyukin'2,
Hosea Nelson®, Frank C. Schroeder?!. (1) Chemistry and Chemical Biology, Cornell
University, Ithaca, New York, United States (2) SUNY The State University of New York,
Albany, New York, United States (4) University of Akron, Akron, Ohio, United States (5)
Chemistry and Biochemistry, UCLA, Los Angeles, California, United States (6)
University of California Los Angeles, Los Angeles, California, United States

Few nucleoside-derived natural products have been identified from animals, despite the
ubiquity of nucleosides in living organisms. Here, we use a combination of synthesis
and the emerging electron microscopy technique microcrystal electron diffraction
(MicroED) to determine the structures of several N3-( fglucopyranosyl)uric acid
derivatives in Caenorhabditis elegans. These noncanonical gluconucleosides further
integrate an ascaroside moiety, through which production of a phosphorylated derivative



is influenced by evolutionarily conserved insulin signaling and requires a
carboxylesterase for its biosynthesis.
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Identification of glutathionylated cysteines regulating cell migration

Dhanushika S. Kukulage, gi7706 @wayne.edu, Kusal T. Samarasinghe. Chemistry,
Wayne State University College of Liberal Arts and Sciences, Detroit, Michigan, United
States

Cell migration plays an important role in many physiological processes such as wound
repair and metastasis. Reactive oxygen species (ROS) or hydrogen peroxide (H2032) are
known to play an important role as a second messenger in redox signaling during
migration. A major mechanism of ROS regulating redox signaling is oxidative protein
modifications. Protein S-glutathionylation, one of the oxidative modifications, is known to
regulate some proteins involved in migration, such as actin, LMW-PTP, and MAPKP-1.
Despite these proteins, it is expected that H2O2 can react with many other proteins to
regulate migration, and we are exploring the identity and reactivity of specific cysteines
which undergo glutathionylation and regulate cell migration. For the identification of
glutathionylated cysteines, we apply the clickable glutathione approach developed by
our lab together with mass analysis.

During migration, ROS production is controlled spatially, temporally, and in
concentration. To achieve these conditions, we have successfully adapted the D-amino
acid oxidase (DAAO)/D-Ala system. DAAO consumes D-Ala and produces H202 and
this allows us to control the production of H202 by changing D-Ala concentration. This
system also gives the advantage of targeting it to different organelles. Using this
system, we have observed that H202 production and migration increase in a D-Ala-
dependent manner in the MCF-7 cell line. Moreover, glutathionylation was also induced
at these conditions. The proteins undergoing glutathionylation under migration
conditions will be identified using the clickable glutathione method linked to mass
analysis in the future study. Alternatively, with the use of bioinformatics tools, we have
narrowed down 37 glutathionylated proteins whose cysteine glutathionylation may
regulate migration. We have investigated nine proteins out of 37 so far by wound
healing assays and identified that glutathionylation of specific cysteines of three proteins
(PP2CcU, NISCH, ARHGEF7) are regulating
Subsequently, we have evaluated glutathionylation and functionalchan ge s o f
upon its glutathionylation and hope to move on to the other two proteins as well. Putting
together, our findings will help to understand redox-mediated mechanisms of cell
migration.

g
2

Co

mi r
PP2C

2021 GLRM 45

LXR and INSIG Act as Differentiators in the Regulation of the Gene Expression of
G6PDH and FAS Under Insulin Resistant Conditions

t



Jaafar Hachem, jaafar.hachem@wmich.edu, Susan R. Stapleton. chemistry, Western
Michigan University, Kalamazoo, Michigan, United States

Diabetes, a chronic metabolic diseaset hat af fects nearly 10% of
can lead to very serious complications such as renal failure, liver cirrhosis, and heart
attacks. The most common type is Type 2 diabetes and is diagnosed when a person
has elevated amounts of blood glucose due to insulin resistance. This resistance to
insulin leads to problems with glucose transport into tissues for subsequent metabolism.
Over the years it has been shown that insulin regulates the expression of several key
enzymes in both carbohydrate and fatty acid metabolic pathways via the phosphatidyl
inositol 3-kinase (P13K) pathway. Previously, using glucosamine, a precursor of the
hexosamine biosynthetic pathway, we had established a model of insulin resistance in
primary rat hepatocytes in culture. Using this primary cell culture model, we showed that
under insulin resistant conditions, the expression of glucose 6 phosphate
dehydrogenase (G6PDH), a key enzyme in carbohydrate metabolism and fatty acid
synthase (FAS), a key enzyme in fat metabolism were differently regulated but the
mechanism of this differentiation was unclear. Under this model of insulin resistance, we
now show that this differential regulation is due to two proteins downstream of PI3K, the
liver X receptor (LXR) and insulin induced gene (INSIG).
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Use of lysis buffer additives to improve the solubility of recombinant influenza
Polymerase Acidic Protein

Quinn D. Murray, murrayg2@udayton.edu, Doug Daniels. Chemistry, University of
Dayton, Dayton, Ohio, United States

With only four current antivirals effective against influenza, the development of anti-
influenza therapeutics is an imperative. Polymerase Acidic (PA) Protein is an attractive
target for the creation of anti-influenza therapeutics; however, we have observed limited
solubility of recombinant PA protein domains overexpressed in bacterial systems . The
focus of my undergraduate research project has been to test the ability of lysis buffer
additives, including salts, amino acids and sugars, to solubilize recombinant PA. | will
present the results of this additive screen on PA solubility at various lysate
concentrations. We hope these lysis buffer modifications will enable large scale
expression and purification of PA protein to enable structure-based drug design.
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Our Chemical Safety Journey

Kenneth P. Fivizzani, kfivizzani@wowway.com. Division of Chemical Health and
Safety, Naperville, lllinois, United States



The science and applications of chemical safety have evolved during the forty-two years
of C HéxiSténse. New regulations and a new federal agency have increased
understanding of some major issues and expanded the boundaries of compliance. The
Globally Harmonized System of classification and labelling of chemicals (GHS) is
becoming a major source of hazard information for all types of chemicals.
Documentation of accumulated chemical safety knowledge has increased dramatically
as has access to this knowledge. There are several useful publications available to
students and those starting their professions in chemistry. ACS Chemical Health and
Safety is a peer-reviewed scientific journal. The chemical safety journey has had some
significant setbacks that hopefully have made chemists more cognizant of hazards and
more determined to keep workplaces safe. Attitudes are more positive and supportive of
proactive safety policies and procedures. The journey is not yet over, but perhaps we
can see the ultimate destination.
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Growing the laboratory safety program and improving the safety culture at
Metropolitan State University

Elizabeth A. Hinds, elizabeth.hinds@metrostate.edu, Elizabeth Hinds. Natural
Sciences, Metropolitan State University, Saint Paul, Minnesota, United States

Laboratory safety has many interrelated components-some governmental (federal, state

and local) and others considered prudent practices. There is flexibility in the way these

requirements and recommendations are met. When developing a laboratory safety

program, it can be challenging to incorporate new systems around existing practices

and cultures. Come hear about some laboratory safety elements that have been

i mpl emented at Metropolitan State Universityo
including a hands-on scavenger hunt for new faculty orientation, collaborative lab clean-

ups and convenient access to hazard stickers for improved labeling.
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Safety Leadership: Critical Skills for Improving Safety Performance
Carolyn J. Sampson?2, cjsampson@earthlink.net. (1) Customized Training and
Continuing Education, Minnesota State College Southeast Technical - Red Wing
Campus, Minneapolis, Minnesota, United States (2) Sampson Environmental

Consulting, LLC, Minneapolis, Minnesota, United States

Traditional ruled-based safety programs have been effective at reducing injures, but in
many instances gains in safety have plateaued and easily preventable injuries still

occur. According to OSHA Adit has been observe
research that developing strong safety cultures have the single greatest impact on
incidentr eduction of any processao, but strong saf e

maintain. Some organizationsd while they may be interested in taking steps to reduce



injuriesd are not willing or able to commit to a years-long, and sometimes costly, effort
to transform their safety culture.

A key step in the path to a positive safety culture is the development of effective safety
leadership. In fact, effective safety leadership can significantly improve safety
performance without undertaking a complete safety culture transformation. For the
individual, enhancing safety leadership skills has the added benefit of enhancing
leadership skills in general. Excellent leadership skills are critical to the success of a
supervisor or manager of people. Excellent safety leadership skills can help supervisors
and managers become even more effective leaders of people and projects while
achieving safety goals and minimizing costs associated with poor safety performance.

This session will introduce the concept of safety culture and several tools for effective
safety leadership. The overall goal is to foster leadership skills that help create and
support a positive safety culture, even where an organization has not committed to a
safety culture transformation. Observations from more than five years of safety
leadership training and consulting in a variety of settings will be presented.
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Student-Led Climate Assessment Promotes a Healthier Graduate School
Environment

Madeleine Beasley, mbeasley@smith.edu, Margaret Lumley, Tesia Janicki, Rebeca
Fernandez, Andrew Buller. Chemistry, University of Wisconsin-Madison, Madison,
Wisconsin, United States

This talk will describe a graduate student-led effort to develop a climate survey to
assess, advocate for, and improve the well-being and mental health of graduate
students and postdocs in the Department of Chemistry at the University of

Wi sconsini Madi son. Graduate students have an
relative to the general population, and given the transient nature of the student
population, understanding and addressing mental health concerns can be challenging.
The goal of this work is to illustrate how students, with the support of departmental
faculty, staff, and existing on-campus mental health resources, can take the lead to
investigate and assess issues related to the challenging graduate school environment.
We describe the student-led development and implementation of and the subsequent
follow-up to a department-wide survey aimed at destigmatizing the subject of mental
health and fostering a more supportive community. Our efforts serve as a framework to
assist other interested and motivated graduate students who, with the support of local
faculty, wish to develop and initiate a similar process in their own departments. We
demonstrate that student-led actions can effectively tackle department-level problems
and encourage other interested students to initiate a similar effort.
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Barriers in chemistry, part I: African-American chemists

David E. Lewis, lewisd@uwec.edu. Chemistry Department, UW-Eau Claire, Eau Claire,
Wisconsin, United States

Chemistry is full of discussions of barriers: the barrier to rotation is a fundamental
guestion in conformaional analysis, and activation barriers are an intrinsic characteristic
of organic reactions. Differences in the heights of the activation barriers in competing
reactions give us such things as kinetic vs. thermodynamic control of reactions and
kinetic isotope effects.

For the African-American chemist, the barriers to learning imposed by the course
material itself have historically been augmented by problems arising from the overt
racism of the era. Percy Julian, for example, had his teaching assistantship for support
during his Ph.D. revoked by Harvard University because the administration feared the
reaction from their audience if a black man were to be placed in a position of authority
over white students. Most African American educators spent the bulk of their teaching
careers at Historically Black Colleges and Universities, where the infrastructure to
support their workd many (most) of their students were from black high schools where
the curriculum was not strongd was woefully inadequate, and neglected by the
government.

This talk will focus on the barriers faced by African-American chemists up to the end of
the first half of the twentieth century.

2021 GLRM 52
Barriers in chemistry, part Il: Gender and religion as hurdles to advancement

David E. Lewis, lewisd@uwec.edu. Chemistry and Biochemistry, University of
Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States



In Part | of this presentation, the barriers to advancement imposed on African-American
chemists due to race was discussed. In this part, we will focus on the other two major
barriers to advancement in chemistry until the last quarter of the twentieth century or so:
gender and religion.

Under the guise of women being the "weaker sex," they were often excluded completely
from universities, or were segregated into "Women's Colleges and Universities." The
conventional wisdom of the time was that women were not equipped physically or
intellectually to study the physical sciences in general, and chemistry in particular.
Women's advocates were few and far betweend one proponent of women being
allowed to study in the universities alongside male students was Vladimir Vasil'evich
Markovnikov (he of the eponymous Rule), but he was part of a very small minority. Just
how fallacious the idea of women being unsuited to science was, found compelling
proof on October 7, 2020, with the announcement of the Nobel Prize for Chemistryd by
two women, Emanuelle Charpentier and Jennifer Doudna.

The other barrier to advancement in Chemistry was religion. Most people have heard
the story of Galileo's muttered remark, "sed movet!" when forced to repudiate his
findings of heliocentrism in the solar system. In a world dominated by Christianity in
Europe, the most persecuted religious minority was the Jews. The persecution came to
its logical end in the Nazi Holocaust. In Russia, Jews had been subjected to pogroms
for centuries: Irma Goldberg, the only woman to have a single-name eponymous
reaction, was forced to leave Moscow in 1891 due to an Imperial Decree evicting all
Jews from the city. As with race, the barriers due to religion have taken a long time to
break down. In fact, we still see anti-semitismd against both Jews and Arabsd today.
Despite their second-class status, many women and Jews have made lasting
contributions to chemistry. In this talk, the question of gender and religion on the
careers of chemists will be addressed.
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Highlighting the voices of chemists from underrepresented groups in sophomore
organic chemistry

John B. Friesen, jbfriesen@dom.edu. Rosary College of Arts and Sciences, Physical
Sciences Department, Dominican University, River Forest, lllinois, United States

In response to the challenge of engaging The HistoryMakers project, a collection of

video interviews with prominent African Americans, with first semester Sophomore

Organic Chemistry instruction a module was created that highlighted the life and work of
Samuel Massie. Students participated in readi
well as selected original literature. The synthetic chemistry described by this author was

applied to the analysis of bonds broken and bonds formed during the course of a

chemical reaction. With this information, the thermodynamics of the reaction were
estimated. Mechanistic features of Samuel Ma s
classic arrow pushing mechanisms. Students not only engaged the chemistry, but they

also learned about the challenges faced by Samuel Massie as an African American

Chemist and related them to the challenges they have faced and will face as they



pursue their academic goals. This methodology was extended to create another module
that highlighted the work of a prominent Mexican Chemist, Luis Ernesto Miramontes.
Students gained insights into the achievements of chemists from underrepresented
groups and the cultural context of chemical advancements. In addition, they read
original literature and discovered that advanced synthetic schemes may be broken
down into manageable analyses.

Consider the following reaction from "Synthesis of N-methyl-3-isopropyl-4-
dimethylaminophenylcarbamate and Some Related Compounds," The Journalof Organic
Chemistry,19,1067-1079(1954).H. Gilman, S. Avakian, R. A. Benkeser, H. S. Broadbent,
R. M. Clark, George Karmas, F. J. Marshall, S. M. Massie, D. A. Shirley, and L. A. Woods.

CH(CH;): CH(CHy)s
a) Redraw the molecules in Lewis structures. A AN
b) Balance the equation. ' ‘! = ':' |l
¢) Indicate bonds broken and bonds formed. \/ o \/
NO;, NH;
XII XIII
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Diversifying Clean Water: an Examination of Drinking Water Quality and Social
Disparities in Michigan

Tyra Blair, tyra.blair96@gmail.com, Ryan Beni, Sujata Guha. Chemistry, Tennessee
State University, Nashville, Tennessee, United States

Water is one of the most essential resources required to sustain life; however, it could
be detrimental to the health of those without access to water that is properly treated.
The Safe Drinking Water Act of 1974 set regulations to protect citizens from naturally
occurring and man-made contaminants, but some are still without clean and safe water
and is speculated to be because of their race. This research examines the
disproportionality of available clean water provided by government sources in Michigan
and its correlation with race and household income. In the study, it has been found that
one of the leading causes of water contamination is industrial activity, with the
automobile industry being responsible for approximately 300 million tons of lead
contamination in water, and that manufacturing company's locations mostly centered in
minority and low-income areas. Lower income cities, such as Hamtramck and Benton
Harbor, have an average of 14.8 drinking water standard violations totaled with the
highest being 99 total violations, while higher income cities, like Novi and Bloomfield
hills, have an average of 4 total violations. Cities, like Flint and Detroit, that have a



higher minority population are 10 times more likely to have a water standard violation,
and the minority population is proportionally related to the possibility of industrial
manufacturing being located in the area. These communities also face a higher risk of
birth defects, developmental issues in children, and organ failure in adults due to
continuous exposure to water contaminants. Race as a direct causation could not be
proven, but there are links to direct correlation through historical redlining and housing
trends.
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Chem Club Diversity in Diverse Outreach Demos

Lawrence H. Kolopajlo, lkolopajl@emich.edu, Micaela Shempf, Chloe Catallo.
Chemistry, Eastern Michigan University, Sylvania, Ohio, United States

Chem Club students have undertaken diverse outreach projects in rocketry and 3D-
printing. In this poster are shown those outreach projects administered by diverse
students. One diverse student balanced division | athletics with academics. Other
students promote diversity in urban areas.
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Julia (Yuliya Vsevolodovna) Lermontova (1847-1919)

Megan L. Gawlitta, gawlitml4137@uwec.edu, David E. Lewis. Chemistry and
Biochemistry, University of Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States

Despite having been born into the aristocratic Lermontov family, having an especially
brilliant mind when it came to scientific inquiry, and the support of many of the most
nfluential chemists in Russia, Lermontova was unable to earn a doctoral degree in
chemistry simply because she was a woman. Consequently, she decided to travel to
Germany to continue her education abroad. But, as a single woman, she was only able
to do so with a chaperone. A family friend Sofia Kovalevskaya (the mathematician)
contracted a marriage of convenience to allow her to act as chaperone so that the two
women could study abroad. Though the opportunities in Germany were much more
promising, obtaining admission to a post-graduate program was still difficult for a
woman. Between 1869 and 1871, she audited lectures by Bunsen, Helmholtz, and
Kopp, and from 1871-1874 she worked as an Assistant in the Berlin laboratory of A. W.
von Hofmann. After defending her dissertation on an analysis of methylene compounds
at Gottingen in 1874, Julia Lermontova became the first woman in Germany (and
worldwide) to officially become a Ph.D. in chemistry.

On her return to Russia from Germany, she was feted as a returning heroine, and she
courted by Mikhail Aleksandrovich Butlerov as an Assistant in his St. Petersburg
laboratory. In the late 1870s, she accepted his invitation, working with him from 1876-
1879. However, she first chose to work with Vladimir Markovnikov at the University of



Moscow. She spent two stints in Markovnikov's laboratory: 1875 - 1876 and 1880-1882.
In 1883 she left chemistry and retired to her estate.

Julia (Yuliya Vsevolodovna) Lermontova (184919)
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High Field Dielectric Properties of Clay filler - Silicone polymer matrix
composites.

Dipankar Ghosh?, dghosh2@gmail.com, Maryam Sarkarat?, Michael Lanagan?,
Andrew C. Lottes?, Kent Budd?!, Ramakrishnan Rajagopalan?. (1) Corporate Research
Laboratory, 3M Company, Saint Paul, Minnesota, United States (2) The Pennsylvania
State University, University Park, Pennsylvania, United States

Liquid silicone polymer matrix composites were developed using two different types of
clays as filler materials: organically modified montmorillonite (ommt) and calcined and
surface treated kaolin (commercially known as Translink 37, T37) for power
applications. It was observed that addition of the clay fillers in the silicone polymer
matrix resulted in well dispersed fillers when kaolin clay (T37) was added, in contrast to
micron size agglomeration with ommt clay. The surface chemistry of the fillers played a
significant role in the kinetics of curing and as a result had significant effect on the
overall dielectric properties of the composites. The negative surface charge on the
modified kaolin had detrimental effect on the catalytic activity of the platinum complex in
the liquid silicone matrix and this led to incomplete crosslinking in the composite and
caused higher dielectric loss and DC conductivity.

On the other hand, ommt clay was more difficult to disperse in the silicone polymer
matrix. However, the DC conductivity of the composite was relatively lower than the
neat silicone polymer at high temperature, thus indicating the presence of interfacial
traps between the agglomerated macroparticles and the polymer matrix which limited
the migration of the charge carriers over long distances. OMMT clay filler - Silicone



composites were also able to withstand higher electric fields as compared to kaolin clay
(T 37) silicone matrix composites.
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Multifunctional Silica Sorbent Materials: For trace collection of nitrate and
phosphate anions

Kara M. Nell, knell@morris.umn.edu, Emily Robinson, Matthew DeSmith, Breanna
Dragseth, Abi Bartlett. Chemistry, University of Minnesota Morris, Morris, Minnesota,
United States

Nitrates and phosphates exist naturally but are present in elevated concentrations in
many areas primarily due to agriculture; these elevated concentrations are concerning
for human and environmental health. A variety of methods are being investigated and
utilized for removing nitrate and phosphate from water systems, we have focused on
functionalized silica-based sorbent materials. We have designed, synthesized, and
characterized a set of silica-based functionalized materials for removal of these
unwanted compounds from natural waters. These materials are multifunctional, having
been functionalized with both amine groups as well as electron deficient aromatics. We
chose amine groups because they are known to non-selectively bind anions from
natural waters. Electron deficient arene rings were selected due to their ability to form
anion~ i nteractions with thtiendiamgehtasandlbawn amr ef
nitrate in some examples. A series of ligands containing electron deficient arene rings
have been incorporated onto the silica surface using Cab-o-sil® as the silica base.
Performance testing is ongoing, but initial results are promising.
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Investigating the Energy and Electron Transfer Dynamics of Triplet-Triplet
Annihilation Upconversion in Sensitizer and Acceptor Dyes Attached to the Metal
Oxide Nanocrystal

Deepak Badgurjar, badgurjardeepak@gmail.com, Andrew T. Healy, David A. Blank,
Wayne L. Gladfelter. Chemistry, University of Minnesota Twin Cities, Minneapolis,
Minnesota, United States

Molecular photon upconversion based on triplet annihilation upconversion (TTA-UC)
involves combining low energy photons to generate higher energy excited states is
emerging as a potential technique to increase the maximum theoretical solar cell
efficiency. Here we demonstrate the energy and electron transfer dynamics in pre-
organized co-assemblies of sensitizers and emitters attached to zirconium oxide (ZrOz,
~6 nm) and zinc oxide (ZnO, ~4 nm) nanocrystals (NCs). The synthesized NCs are fully
dispersed in the organic solvent e.g. dichloromethane that allows systematic control
over the dye:NC stoichiometric ratio. Carboxylic acid functionalized boron
dipyrromethene (BODIPY) sensitizer and perylene emitter have been synthesized and



fully characterized. In steady state experiments selective excitation of the BODIPY

S ens i ted 582nm) ir{ dechloromethane solutions, which also contain the perylene
emitter, produces anti-Stokes emission at 470 nm resulting from TTA-UC. Photon
upconversion was also observed when the BODIPY and perylene dyes were
coadsorbed on ZrO2 NC. No emission was observed, however, when both dyes were
coadsorbed on ZnO NCs. Ultrafast transient absorption measurements established that
following TTA-UC the singlet excited state of the perylene is quenched by electron
transfer to the ZnO conduction band.
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Understanding the charge transfer mechanism in protic ionic liquids

Christopher Arntsen, carntsen@ysu.edu. Department of Chemical and Biological
Sciences, Youngstown State University, Youngstown, Ohio, United States



lonic liquids (ILs) possess a number of desirable properties, such as high stability and
low volatility. Due to their high concentration of charged species, they also have high
ionic conductivity. Protic ILs, i.e. those in which the cations contain an acidic proton,
also have the unique property of being able to undergo charge transfer via proton
hopping. The high concentration of hydrogen ions makes these materials an appealing
option for the electrolyte layer of fuel cells. In this work, the results of ab initio molecular
dynamics (AIMD) simulations of protic ILs consisting of 1-methylimidazolium with
several anions are presented. AIMD explicitly treats electronic degrees of freedom and
can thus treat bond breaking and formation, making it an ideal method for studying
proton hopping in liquid systems. We present insights into the proton transfer
mechanism, as well on the influence of additional solvent molecules on proton diffusion.
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The atomistic simulation of absorbed water on the thermomechanical properties
of crosslinked epoxy networks using ReaxFF

anas karuth, anas.kk@ndsu.edu, Bakhtiyor Rasulev. Department of Coatings and
Polymeric Materials, North Dakota State University, Fargo, North Dakota, United States

The atomistic scale simulation of cross-linking process within polymeric systems is
conventionally carried out by connecting reactive sites of monomer. This does not
capture the reaction pathway from reactants to final products through transition states.
The ReaxFF reactive force field framework that applied in molecular dynamics
simulations is used to provide the reactants with a sufficient amount of energy
equivalent to or slightly larger than their lowest reaction barrier energy, to overcome the
barrier for cross-linking. The reactive molecular dynamics method allows the simulation
of the realistic crosslinked polymeric network at a computationally accessible time scale.
This framework is implemented to crosslink the diglycidyl ether bisphenol A (BisA) with
aliphatic amine (JEFAFMINE D-230) and aromatic amine (DETDA) to achieve a
reasonably high crosslink percentage (70%). It is well known that water diffusion
through cross-linked epoxy polymers seriously affects the durability of epoxy coatings
and accelerates the corrosion of the substrate. In this study, the effect of water
absorption on thermo-mechanical properties of epoxy networks was investigated. The
interplay between free volume effects and hydrogen bonding interactions is analyzed for
the deterioration and recovery of elastic modulus of the epoxy networks. It is observed
that water molecules tend to locate within the proximity of polar groups of epoxy
networks and have a propensity to aggregate at higher water content. The diffusion
coefficient of water in a croslinked epoxy network increases with water content. The
ReaxFF framework is also utilized to investigate the hygrothermal degradation of the
crosslinked epoxy network. The JEFAFMINE D-230 cured epoxy network is more
susceptible to hydrolytic degradation than DETDA cured epoxy network. This lower
hydrolytic degradation of DETDA cured epoxy polymers is accounted for the
inaccessibility of water molecules to interact with ether linkages in the DETDA cured
epoxy network. The results from performed simulations can help to understand the
cross-l i nked polymersé properties, as wel |l

as



epoxy networks, to guide designing new cross-linked epoxy polymers with desired
properties to broaden the applications of epoxy materials, including humid
environments.
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Molybdenum carbide catalysts for biomass upgrading 1 from bulk to nanoscale

Daniel A. Ruddy, druddy@gmail.com. National Renewable Energy Laboratory, Golden,
Colorado, United States

Ex situ catalytic fast pyrolysis (CFP) of biomass is an emerging route for the production
of renewable liquid hydrocarbon fuels that are infrastructure compatible and cost
competitive. By immediately upgrading the pyrolysis vapors prior to condensation, this
process aims to simultaneously stabilize the bio-oil product, while enhancing its fuel
properties with hydrogenation, deoxygenation, and C-C coupling reactions. The
realization of these goals will require new catalysts that possess bifunctional properties -
that is, a balance of acidic and metallic sites - such that they can activate H2 under low
pressure, high temperature conditions, and favor cleavage of C-O bonds over C-C
bonds. Early transition-metal carbides are one class of materials that possess these
bifunctional properties, and in particular, beta-Mo2C has received attention from our
laboratory and others as an effective hydrodeoxygenation (HDO) catalyst for a variety of
biomass oxygenate intermediates. In this presentation, our research into the bulk-Mo2C
surface chemistry, identity of the active sites, and deoxygenation pathways will be
presented. Further, our recent results that build upon this knowledge to design and
synthesize nanocrystalline alpha-MoCai.- x materials with tuned acidic-site/metallic-site
ratios will be discussed, along with changes to the surface chemistry and the resulting
catalytic performance, including CO2 hydrogenation as a probe reaction for these nano-
scale catalysts.
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Lactone Bridged Oligophenyenes and Derivatives as Optical Materials with pH
Switching Capabilities

Bart J. Dahl, dahlbj@uwec.edu. UWisc Eau Claire - Chemistry, Eau Claire, Wisconsin,
United States

The electronic and spectroscopic properties of compounds containing aryl aryl bonds
are highly dependent on aryl aryl torsional angles. Coplanar configurations of the arene
subunits leads to more efficient pi orbital overlap resulting in higher conductance of
electrons as well as more efficient absorption and emission of light. Unsubstitituted
oligophenylenes are nonplanar compounds but chemical bridging units incorporated
between the arene subunits can lead to planarity and rigidity. Our group has been
actively exploring the lactone unit as a novel bridging group. We will describe the
synthesis a variety of lacone bridged oligophenylenes and their derivates as well as how



the lactone bridging group affects optical properties of these molecules. Additionally, the
lactone unit is capable of pH induced cleavage and re-formation resulting in reversible
aryl aryl bond geometry switching. This directly leads to molecules with the ability to
modulate optical properties in response to the pH of the environment.
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Reimagining Formative Assessment of Organic Chemistry Mechanisms

Sarah Wegwerthl, sarah@alchem.ie, Julia Winterl, Gianna Manchester2. (1) Alchemie
Solutions, Inc, Troy, Michigan, United States (2) Alchemie Solutions Inc., Troy,
Michigan, United States

Routinely, organic chemists communicate via mechanisms, which can be described as
visual diagrams with curved arrows showing the movement of electrons during a
reaction. Naturally, mechanisms are central in the teaching and assessing of the subject
material. Problematically though, many students struggle to understand this symbolic
notation causing a barrier for learning the underlying principles of chemical reactions. In
terms of assessment, evaluation of student hand drawn mechanisms is time intensive
which limits the ability of instructors to provide individualize formative feedback prior to
summative assessments. Current online homework systems for submitting mechanisms
are often not user friendly which detracts from focus on understanding how to move
electrons to understanding how to enter in the answer. Since 2016, Alchemie has been
researching and designing interactives to i mp
through experiential game-based learning. In 2018, Alchemie launched the Mechanisms
App and is now researching and developing a 3D mechanisms tool. This talk will review
the literature-based rational for design, findings of research studies comparing paper-
pencil to digital tools, assessment capabilities of the interactives, and present
preliminary findings for the new 3D system.
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Stimuli-responsive polymer dispersants and viscosifiers

Elizabeth M. Glogowski, emglogowski@gmail.com. Materials Science & Biomedical
Engineering, University of Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States

Stimuli-responsive polymers are polymers that dramatically change properties, such as
viscosity or interfacial activity, in response to a small change in an external trigger
including pH and temperature. Poly((2-dimethylamino)ethyl methacrylate) or PDMAEMA
is a dually-responsive polymer that switches solubility, viscosity, and interfacial activity
as a function of pH and temperature. Controlling polymer structure, including block
architecture, allows for tuning of the stimuli-responsive properties for target applications.
PDMAEMA-containing copolymers were synthesized using Activator Regenerated
Electron Transfer Atom Transfer Radical Polymerization (ARGET ATRP) to minimize
the amount of copper catalyst needed and to increase the oxygen tolerance of the



polymerization. Diblock and triblock PDMAEMA-containing copolymers with low
dispersity and controlled degree of polymerization were achieved using ARGET ATRP.
Solubility and self-assembly as a function of temperature, pH, polymer concentration,
and polymer composition were determined using UV-Vis spectroscopy and dynamic
light scattering. In addition, viscosity, viscoelasticity, and interfacial tension were
determined for the PDMAEMA-containing copolymers. PDMAEMA-containing
copolymers are being tested in polymer dispersant and viscosifier applications.
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Can you cure cancer with curry powder? Connecting bench chemistry to real-
world problems for student researchers

Sarah Zingales, szingales@usj.edu. University of Saint Joseph, West Hartford,
Connecticut, United States

If you ask an undergraduate student if they want to do organic chemistry research, they
may not be interested, or think it is too hard. But if you ask them if they want to work to

find a cure for cancer, you wil/ l i kely piqgue
this column is tedious, but you are synthesizing a new chemical entity nobody else has
ever made, and that compound could cure cance

undergraduate students to accomplish organic chemistry research with two

collaborative projects focused on design and synthesis of new small-molecule organic
compounds that could be used to treat cancer
presents recent results from these projects as well as strategies for facilitating this kind

of research in a primarily undergraduate university setting.
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Comparison of mechanical and photodynamic behavior of crystalline Schiff
bases

Noha Ahmed, ahmedno@mail.uc.edu, Jeanette Krause, Anna D. Gudmundsdottir.
chemistry department, University of Cincinnati, Cincinnati, Ohio, United States

Mechanically responsive crystals respond mechanically to external stimuli, such as light,
heat, and mechanical pressure. These crystals gained much interest in recent years as
they can act as energy transformers in various applications. Salicylideneaniline is a
well-studied photochromic system that can change the crystal color upon irradiation,
through intramolecular proton transfer in the excited state to form the corresponding
keto-tautomers. We compared the mechanical properties of two o-((o-
tolylimino)methyl)phenol derivatives A and B. Long needle-like crystals of derivative A
were bendable elastically and regained its original shape once the mechanical stress
was released. On the other hand, long block like crystals of B were brittle and broke into
pieces upon applying mechanical stress. Herein, we compare their mechanical and



photodynamic behavior. We used transient spectroscopy, force field calculation, X-ray
structure analysis and SEM to explain their dynamic behavior.
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Reactivity of Vinyl Hydroperoxides and new Rearrangement Pathways in Isoprene
Ozonolysis

Albert Liu, e13456@126.com, Keith T. Kuwata. Macalester College, Saint Paul,
Minnesota, United States

Isoprene ozonolysis is the reactive process between ozone and isoprene i the most
abundant alkene in the troposphere. This process generates many different products, a
significant portion of which are known to be hazardous to human health and harmful to
the environment. Though the ozonolysis of alkenes has been well studied, the specific
mechanisms of isoprene ozonolysis have not been completely reported in the chemical
literature.

Given the need to understand the reactions that generate the aforementioned
dangerous products, our primary research goal was to construct mechanisms and
identify intermediates in the process of isoprene ozonolysis. It is necessary to use
computational methods to study these reactions due to the very high energy of the
transition structures; their instability causes them to decompose extremely quickly,
preventing researchers from being able to effectively measure them experimentally.
Isoprene ozonolysis involves the initial formation of a primary ozonide whose
cycloreversion leads to Criegee intermediates. The syn conformer of a Criegee
intermediate preferentially undergo an intramolecular 1,4-hydrogen shift to form an
unsaturated vinyl hydroperoxide, which can either fall apart to give a hydroxyl radical or
undergo a 1,3-shift to the hydroxyl group to form hydroxy acetaldehyde. Given the
possibility of the radical pair rearrangement instead of falling apart, our research goal is
to consider the rearrangement pathways for vinoxy and hydroxyl radicals that result
from isoprene ozonolysis as well as comparing reactivity of vinyl hydroperoxides.
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Photodissociation of the N2-NO complex between 225.8 and 224.0 nm

David E. Szpunar4, dszpunar@uwsp.edu, Mark Cook?2, Cameron Jaysons3, Bradley F.
Parsons!. (3) Creighton University, Omaha, Nebraska, United States (4) University of
Wisconsin-Stevens Point, Stevens Point, Wisconsin, United States

The velocity map ion images of NO photofragments resulting from the dissociation of
the N2i NO complex excited between ~225.8 and 224.0 nm were recorded. This
wavelength range spans the photodissociation threshold, where one photon dissociates
the complex through the N2 (X)iN O (A )2 (X} NOI(X) transition and a second
photon non-resonantly ionizes the NO (A) photofragment. Althought the lowest energy
photons do not have sufficient energy to photodissociate the A state of the complex,
dissociation is observed with increasing photon energy. We experimentally determined
the appearance energy for the NO (A) photoproduct to be 44284.7 + 2.8 cm™. This
appearance energy and t haesitdd @erefusell to eteomineay i n b an
ground state dissociation energy of 85.8 + 2.8 cm™. As the photon energy increased,
any excess energy was partitioned into rotational modes of the diatomic products as
well as photofragment translational energy. Good agreement was found between the
average fraction of rotational energy and the predictions of a simple pseudo three atom
impulsive model.
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Navigating the Aromaticity, Stability, and Photophysics of Novel Quinoidal
Acenes through Annulative lateral pi extension and Quinoidization

Guang Yang?!, gyang26@hawk.iit.edu, A. Jean-Luc J. Ayitoul2. (1) Chemistry, lllinois
Institute of Technology, Chicago, lllinois, United States (2) Chemistry, University of
lllinois at Chicago, Chicago, lllinois, United States

Polyaromatic acene chromophores have excellent light-harvesting properties and have
been applied in various areas due to their tunable optoelectronic bandgap and
photophysical properties. Recently, there are proposals to tune the ground and excited
states aromaticity of acene chromophores leading to impacting their photophysical
properties. In our current effort on using aromaticity to tune the photophysical properties
of acenes, we desi gredahdedquidoidal gcene thieasnidesemiich’
exhibit non-classical or Baird type aromaticity in the ground state. The latest results
from our group suggest e-@xtehsiomib quiaoidalacgneer degr ee
chromophores have great impact on the ground state features namely aromaticity and
photophysics with the former being compromised due to a higher resonance energy of
stabilization from classical aromatic units.



My presentation will showcase the synthesis and photophysical characterization of the
n o v edxtended quinoidal acene chromophores.
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Synthesis and Photophysical Characterization of bis-iodo-
dipyrrolonaphthyridine-dione: a Novel Photodynamic Therapy Agent

Jayla A. Morgan?, jmorgan10@hawk.iit.edu, Young Ju Yun?, A. Jean-Luc J. Ayitoul2.
(1) Chemistry, lllinois Institute of Technology, Chicago, Illinois, United States (2)
Chemistry, University of lllinois at Chicago, Chicago, lllinois, United States

Photodynamic therapy (PDT) is a biomedical protocol which involves the use of visible
light-harvesting photosensitizers to generate reactive oxygen species (ROS). In the last
few decades, PDT has greatly revolutionized the treatment of various malignancies from
severe acne to certain types of localized cancerous tumors. Importantly, the role of the
light-harvesting photosensitizer is crucial to achieve excellent efficacies of the PDT.
Upon visible light irradiation, the sensitizer undergoes a photophysical process, which
leads to energy transfer to molecular oxygen. From the energy transfer process ROS
(such as singlet oxygen) are generated and subsequently react with biological
tissues/cancer cells leading to apoptosis. Using bis-iodo-dipyrrolonaphthyridine-dione
(I>-DPND), which was synthesized and fully characterized in our group, we successfully
generated singlet oxygen in vitro from green-to-red light irradiation of 12-DPND (used as
the sensitizer). Trapping experiments using 9,10-diphenyl-anthracene was also
achieved. But, our studies revealed a modest (6-8%) quantum yield of singlet oxygen
generation using l2-DPND. This low value of singlet oxygen was attributed to a likely
photobleaching of I.-DPND when irradiated for a longer period of time.

My presentation will highlight the synthesis and photophysical characterization of I2-
DPND. | will also detail the singlet oxygen generation investigation and our ongoing
effort in the derivatization of I2-DPND to enhance its photostability.
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Kasi: An inclusive learning system for chemistry using multi-sensory augmented
reality and computer vision

Julia Winter, julia@alchem.ie. Alchemie Solutions, Inc, Troy, Michigan, United States

In this talk a new software platform for inclusive learning of chemistry is presented. The
system, brand named Kasi, creates a sound-based Augmented Reality (AR) interface to
provide formative assessment to users as they interact with physical manipulatives to
explore Lewis Structures. The goal of the project is to create an inclusive multi-sensory
method for all students, and particularly those with visual challenges, to explore science
concepts. This new AR learning system uses Computer Vision (CV) algorithms to read
the position of 3D-printed tactile pieces placed on a magnetic whiteboard and matches
a completely digital interactive learning system. Kasi is a web-based software



application designed to be used on devices students and schools already own. The AR /
CV software interface provides audio feedback and scaffolded hints to students as they
use the physical manipulatives. A key innovation is using data collected from both the
AR and digital-only interfaces to improve the learning experience for all students. Key
findings will be presented from the research studies with both sighted and blind or
visually impaired high school students. The next steps in the research and development
of this learning system will also be shared.
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Dr. Hoby Wedler using the Kasi learning system
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Disability is not disqualification: Nikolai Matveevich Kizhner and the Wolff-
Kishner reduction.

David E. Lewis, lewisd@uwec.edu. Chemistry and Biochemistry, University of
Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States

Chemists with disabilities have made important contributions to chemistry, and some
without their disabilities being obvious to those around them. Both Alfred Nobel and
Wallace Hume Carothers suffered frm debilitating depression; Nobel laureate, Sir John
Cornforth became deaf while at University; and the subject of this paper, Nikolai
Matveevich Kizhner, became a double amputee before 1910. Nevertheless all these
(and many others) made important contributions to chemistry before accommodations



for persons with disabilities was even thought of.

The subject of this talk, Nikolai Matveevich Kizhner (1867-1935) was born in Moscow,
was educated there, and died there. To the knowledge of the author, he may be the
only Russian chemist to have been exiled from Siberia! As a student of Markovnikov, he
not only absorbed his mentor's approach to chemistry, but also his political
progressivism.

In 1900, Kizhner became (with MendeleeVv's help) the inaugural professor of organic
chemstry at the new Tomsk Technological Institute, in Tomsk, Siberia. He lost his left
leg above the ankle in 1904 due to "gangrene of the extremities." In 1905, the political
unrest in the western part of Russia had moved east, and there were student strikes in
Tomsk. Kizhner refused to discipline students who had missed his classes, and even
went to the extent of addressing the students (despite having just one leg). This earned
him enemies in high places, so while he was in St. Petersburg, they struck; he was
given just 48 hours to leave Tomsk. Just over a year later, he was reinstated, but his
enemies still worked on ousting him from his position. Eventually, he left Tomsk for
Moscow, where he became an important part of the Soviet dye industry.

After losing his left foot, Kizhner continued teaching in the auditorium, but he gave up
his research laboratory because the pain of his disease made standing for long times
difficult. When he lost his right foot also, making him wheelchair-bound, he could no
longer enter the auditorium to teach, but he returned to the research lab. There, in the
two years 1911-1912, he published over 12 papers that described the reduction of
aldehydes and ketones with hydrazine and base. And this he did despite there being no
accommodations for disabilitiesd accessibility did not count!

Kizhner's life and contributions will be addressed in this talk.
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Utilizing Design-Based Implementation Research as an Iterative Approach to
Developing a Culturally Responsive Unit

Jeffrey L. Spencerl, jspence2@gmail.com, Danielle N. Maxwell, Linda Nicholas-
Figueroa?, Kerri A. Pratt*, Ginger V. Szymczak Shultz3. (1) Department of Chemistry,
University of Michigan, Ann Arbor, Michigan, United States (2) Instruction, Ilisagvik
College, Fairbanks, Alaska, United States (4) University of Michigan, Ann Arbor,
Michigan, United States

The Arctic is warming at a rate of nearly twice the global average, resulting in declining
sea ice and melting permafrost. These changes are affecting the traditional knowledge
practices of Ifupiat residents in Utgiagvik, Alaska, a community situated at the
northernmost point of the United States. Because Utgiagvik has a large presence of
scientists conducting research on the changing Arctic, local and Native Alaskan
students have worldviews that contain ideas from both traditional knowledge and
western science. By developing a culturally responsive science unit that engages
undergraduate students in research questions focused on climate change, students
may have more meaningful science learning experiences in the classroom. Utilizing
Design-Based Implementation Research methodology, we collaborated with community



members, scientists, instructors, and education researchers to develop a culturally
affirming snow chemistry unit at Illisagvik College, a tribal college in Utgiagvik. The snow
chemistry unit has been implemented in both undergraduate chemistry and climate
science courses at llisagvik College. Through the analysis of student and instructor
interviews and student artifacts, we have adapted the unit over three semesters to
provide a detailed account on how culture, context, and place influence the
development of a unit throughout multiple design cycles. In each iteration of the project,
Alaskan Arctic students have been able to access traditional, local, and western science
knowledge sources to conduct polar science research in the classroom and investigate
the processes behind Arctic snow chemistry in an authentic research context.
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The Chemistry of Indigenuos Peoples

Marcos Aurelio Gomes da Silva, marcosaureliojf@hotmail.com. Chemistry, Federal
university of juiz de fora, Juiz de fora, Minas gerais, Brazil

The contribution of non-European cultures to science and
technology, primarily to chemistry, has gained very little
attentions until now. Especially, the high technological
intelligence and inventiveness of South American native
populations shall be put into a different light by our
contribution. The purpose of this study was to show that
mainly in the area of chemical practices; the indigenous
competence was considerable and has led to inventions
profitable nowadays to millions of people in the western
world and especially to the pharmacy corporations. We
would like to illustrate this assumption by giving some
examples of chemical practices of transformation of
substances, mainly those unknown in the old world. The
indigenous capacity to gain and to transform substances
shall be shown here by the manufacture of poisons, such
as curare or the extraction of toxic substances of plants,
like during the fabrication of manioc flower. We shall
mention as well other processes of multi-stage
transformations and the discovery and the use of highly
effective natural substances by Amazonian native
populations, such as for example, rubber, ichthyotoxic
substances or psychoactive drugs.
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COVID-19: Nutrients, diet and immunity



Julie M. Jones, jmjones@stkate.edu. Nutrition and Exercise Science, St. Catherine
University, Minneapolis, Minnesota, United States

The COVID-19 pandemic underscores the need for a strong immune system and allows

an opportunity to showcase diet as on important pathway to reduce risk of contracting

the virus. 't i s wella lgmnown dtel ®&ths@h &stanaf fde red
My Pl ate, NIHOGOs DASH diet, or the Mediterranea
recommended proportions. Such plans not only provide a template for building a diet

that includes key nutrients needed for overall health, but they also bolster immunity.

This talk will briefly review the diverse roles of various lymphocytes and conditions

required for differentiation and functioning of both the innate and acquired immune

system. This will be followed with update on current literature on the immune-supporting

functions of fat- and water-soluble vitamins; minerals such as iron, zinc, magnesium,

and selenium; nutraceuticals from fruits, vegetables, fish, whole grains, nuts, seeds and

legumes; and nutrients added through enrichment and fortification. The impact of

polyunsaturated fatty acids, prebiotics and dietary fibers such as -glucan and their

metabolites such as short-chain fatty acids in strengthening the immune system will be

discussed. The inadequacy in intakes for many dietary constituents not only explains

one of the reasons for the high rate of COVID in the U.S., but also illuminates the

disparities for those at higher risk due to underlying conditions, socioeconomic status,

race and age.
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Rewiring Redox Signal Transduction Pathways in M. Tuberculosis

Ambika Bhagi-Damodaran, ambikab@umn.edu. Chemistry, Regents of the University
of Minnesota, Minneapolis, Minnesota, United States

Infectious diseases like Tuberculosis (TB) have been a major global health burden due
to their prolonged treatment timelines and resistance to the existing antimicrobial drugs.
We need new therapeutic strategies that target non-replicating physiological persistence
of pathogens inside human host system. Our group is currently pursuing
metalloenzyme-dependent redox signaling pathways that enable microbes to survive
and overcome redox stress experienced in their microenvironment. Modulation of these
pat hways would disrupt microbebds defense mech
susceptible to current antimicrobial treatments. At this ACS meeting, | will present our
research towards rewiring DosS-DosR redox signaling pathway in M. tuberculosis (Mtb).
The bacteria uses this pathway to sense the presence of NO redox reagent and
transforms into a non-replicating persistent form. By using rational and computational

protein design strategies, we have demonstrat
based NO sensing/signaling pathway in the DosS sensor to an O2 sensing/signaling

pathway. Speci f i cal |l y, we have modul ated hemeds tert
incorporated a hydrogenbond(H-bond) triad in the hemebs di st

successive mutations. Thermodynamic, kinetic, and computational studies of the
O0rewired6 he méghtpntioetretaiive contributien @f various factors (ligand



geometry, sterics, electronics, and H-bond positioning) that result in >700-fold switch in
Oz NO sensing sel ect i viselactivity®fueher@amptfied r e d 0
downstream along the transduction pathway with >250,000-fold switch in O2:NO kinase
signaling-selectivity. Our results establish the importance of tertiary coordination sphere
in determining redox specificity of microbial signal transduction systems. At the same
time, we demonstrate that rational rewiring of redox signal transduction can have
implications towards controlling redox biology as well as non-replicating physiological
persistence of various infectious microbes including TB.
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Steady-state kinetic analysis and binding studies of flavin reductase AbeF: A
smaller component of flavin-dependent halogenase system

Rippa Sehgal?, rippa.sehgal@rockets.utoledo.edu, John J. Bellizzi2. (1) Chemistry, The
University of Toledo, Toledo, Ohio, United States (2) Dept of Chemistry, University of
Toledo, Toledo, Ohio, United States

AbeF is a short-chain flavin reductase belonging to the Abe gene cluster identified from
environmental DNA library of soil bacteria, encoding the biosynthesis of the antitumor
bisindole alkaloid BE-54017. AbeF uses NADH to reduce FAD to FADH2, a substrate
used by Tryptophan-5-Halogenase AbeH to regioselectively halogenate the tryptophan
in the two-component halogenase system. The investigation of the kinetics and
mechanism of the flavin reductase component leads to pave the path for potential
applications of flavin-dependent halogenase systems in the aryl halide synthesis as the
synergic green catalysts.

After being overexpressed in E. coli and purified as a homodimer, the reductase activity
of AbeF was confirmed by monitoring the oxidation of NADH to NAD* at 340 nm using
absorbance spectrometry. The substrate substitution experiments suggested that AbeF
prefers FAD over FMN or Riboflavin and requires NADH over NADPH. The steady state
kinetic analysis revealed that AbeF follows sequential kinetic mechanism involving an
AbeF-FAD-NADH ternary complex.

Moreover, the inhibition studies done with lumichrome (a structural mimic of FAD) as a
dead-end inhibitor and NAD* as a product inhibitor suggested that AbeF follows the
random sequential mechanism. Lumichrome acts as a competitive inhibitor of AbeF for
FAD and a mixed inhibitor for NADH. NAD™* acts as a competitive inhibitor of AbeF for
both FAD and NADH at the lower concentrations of the fixed substrate, but this
inhibition is completely overcome by higher concentrations of fixed substrate. The
predicted mechanisms were cross-validated with binding studies of AbeF done by
monitoring the fluorescence quenching of AbeF at 330 nm upon addition of ligands.
FAD and NADH could bind to AbeF in the absence of second substrate and FADHz2
exhibited lower affinity as compared to FAD. Additionally, binding parameters of NADH
for AbeF saturated with lumichrome did not change and vice versa, supplementing our
mechanistic findings.
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Development of an artificial heme-based enzyme

Kathryn E. Splan, splank@macalester.edu. Macalester College, Saint Paul, Minnesota,
United States

Artificial enzymes, which combine the selectivity afforded by a protein-based scaffold
with the versatility of an abiological catalyst, constitute a powerful strategy to produce
catalysts for new reactions and alternative catalysts to existing reactions. The
lactococcal multidrug resistance regulator (LmrR) transcription factor protein from
Lactococcus lactis has proved to be an exceptionally versatile scaffold with which to
develop new artificial enzymes. Variants have been developed that enhance the regio-
and enantioselectivity of multiple copper catalyzed reactions, organo-catalyzed
reactions, and recently, hemin catalyzed cyclopropanation. In this presentation, we
report on efforts to expand the reactivity of this new hemin-enzyme to peroxidase
activity via site-directed mutagenesis and directed evolution. Significant enhancements
in activity are observed after one round of evolution, which further support the utility of
the LmrR scaffold in artificial enzyme design.

2021 GLRM 80
Discovering natural and synthetic ligands for the PFGCN5 bromodomain

Scott Bur, sbur@gustavus.edu. Gustavus Adolphas College, Saint Peter, Minnesota,
United States

Understanding the epigenetic regulation of gene expression could have significant
impact on human health. In order to understand the role that the bromodomain of the
Plasmodium falciparum GCN5 homolog (PfGCN5) plays in regulating gene expression
of the malarial-causing parasite, chemical probes are being developed to disrupt the
binding of the bromodomain with its preferred epigenetic mark. Virtual screening of
fragment molecules from the ZINK database was combined with structure-activity
relationship (SAR) studies guided by Protein-Observed °F (PrOF) NMR to identify a
series of tetrahydroquinolines as potential chemical probes. Work continues to enhance
binding to the PFGCN5 bromodomain and the selectivity compared with other
bromodomains.
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Regulation of Mitochondrial DNA Transcription by Protein Post-translational
Modifications

Kristin Dittenhafer-Reed, dittenhaferreed@hope.edu. Chemistry and Biochemistry,
Hope College, Holland, Michigan, United States

Mammalian cells contain genetic information in two compartments, the nucleus and the
mitochondria. Mitochondrial DNA (mtDNA) encodes thirteen protein subunits required



for oxidative phosphorylation. The remaining mitochondrial proteome, including
additional oxidative phosphorylation subunits, and the proteins necessary for mtDNA
replication, expression, and stability, is encoded by the nuclear genome. Therefore, to
respond to metabolic changes, mitochondrial gene expression must be coordinated with
nuclear gene expression. To gain insight into the coordination between the nucleus and
mitochondria, there is a need to investigate the regulation of mtDNA transcription.
Reversible protein post-translational modification of the mtDNA transcriptional
machinery may be one way to control mtDNA transcription. Using in vitro biochemical
and cell biology approaches, we are studying the effects of lysine acetylation and
serine/threonine phosphorylation on the mtDNA binding ability and transcriptional
activity of mitochondrial transcription factor B2 (TFB2M) and the mitochondrial
polymerase (POLRMT). TFB2M melts mtDNA at the promoter to allow POLRMT access
to the DNA template to initiate transcription. Three phosphorylation sites have been
previously identified on TFB2M and many modifications have been documented on
POLRMT by mass spectrometry. Mutant proteins mimicking the modified and
unmodified states were generated, purified, and screened for their ability to bind mtDNA
and initiate transcription in vitro. Our results indicate phosphorylation of TFB2M at
threonine 184 and threonine 313 impairs promoter binding and prevents transcription.
These findings provide a potential regulatory mechanism of mtDNA transcription and
help clarify the importance of protein post-translational modifications in regulating
aspects of mitochondrial function.
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Live cell measurements of membrane protein interactions that regulate cell
signaling and disease

Adam W. Smith, awsmith@alum.mit.edu. Chemistry, University of Akron, Akron, Ohio,
United States

Cells have a complex mixture of membrane proteins to process environmental cues and
drive biological function. The formation of membrane protein dimers and small
oligomers regulate function at the protein, cell, and organism levels. Resolving
membrane protein interactions in a live cell environment is challenging because of the
chemical diversity and spatial heterogeneity of the PM. My presentation will describe a
fluorescence technique called pulsed interleaved excitation fluorescence cross-
correlation spectroscopy (PIE-FCCS) that is ideally suited to quantify membrane protein
organization in live cells. PIE-FCCS is a two-color fluorescence fluctuation method that
can simultaneously measure the concentration, mobility, proximity, and oligomerization
state of membrane proteins in situ. Our recent efforts have been to resolve the
interaction network of receptor tyrosine kinases (RTKs). This large family of membrane
proteins regulates diverse processes like cell growth, morphology, and proliferation.
Several combinations of heteromeric interactions between RTKs has been reported in
recent years. However, there is no systematic understanding of the network-level effect
of these interactions. Our approach is to sta
each pairwise interaction in situ. This approach has revealed a surprising level of
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their function.
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Writing the Rules for Targeting Dynamic Transcriptional Coactivators with Small
Molecules

Anna K. Mapp, amapp@umich.edu. University of Michigan, Ann Arbor, Michigan,
United States

Transcriptional coactivators and their partner transcription factors have been labeled as
intrinsically disordered, fuzzy, and undruggable. We propose that the identification of
conserved mechanisms of engagement between coactivators and their cognate
activators should provide general principles for small-molecule modulator discovery.
Towards that end, biophysical characterization of the structurally divergent coactivator
Med25 reveals that it forms short-lived and dynamic complexes with three different
transcriptional activators and that conformational shifts are mediated by a flexible
substructure of two dynamical helices and flanking loops. Analogous substructures are
found across eukaryotic coactivators. Further, targeting one of the flexible structures
with a small molecule modulates Med25-activator complexes. Thus, the two conclusions
of the work are actionable for the discovery of small-molecule modulators of this
functionally important protein class.
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CASPT2 molecular geometries and electronic structure of dichromium complexes

Bess Vlaisavljevich, bess.vlaisavljevich@usd.edu. Chemistry, University of South
Dakota, Vermillion, South Dakota, United States

Optimization of molecular geometries for systems with multiconfigurational electronic
structures can be performed using analytical gradients with the complete active space
SCF method (CASPT2). This method has been applied to several dichromium
complexes where single determinant methods cannot describe the partial occupation of
antibonding orbitals correctly. As such, methods such as density functional theory do
not yield geometries and vibrational frequencies in agreement with experiment. We will
show that CASPT2 can be used successfully for these complexes.
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Heavy Ligand Atom Induced Large Magnetic Anisotropy in Mn(ll) Complexes

Sabyasachi Roy Chowdhury, chem.sabyasachi@gmail.com. Chemistry, University of
South Dakota, Vermillion, South Dakota, United States



In search of Single Molecule Magnets (SMM) metal ions are considered pivotal towards
achieving large magnetic anisotropy barriers. A metal ion with strong spin-orbit coupling
constant and low coordination number, which results in the retention of unquenched
metal-orbital angular momentum, produces large magnetic anisotropy. In this context,
the influence of ligands with heavy elements, showing large spin-orbit coupling, on
magnetic anisotropy barriers was investigated using a series of Mn(ll)-based
complexes, in which the metal ion did not have any orbital contribution. The mixing of
metal and ligand orbitals was achieved by explicitly correlating the metal and ligand
valence electrons with Complete Active Space Self-Consistent Field (CASSCF)
calculations. The CASSCF wave functions were further used for evaluating spin-orbit
coupling and zero-field splitting parameters for these complexes. For Mn(ll) complexes
with heavy ligand atoms, such as Br and |, several interesting inter-state mixing occur
via the spini orbit operator, which results in large magnetic anisotropy in these Mn(ll)
complexes.
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Electronic Structure of Actinide Oxide Nanoclusters

S M GULAM RABBANIZ2, smgulam.rabbani@coyotes.usd.edu, Pere Mirol. (1)
University of South Dakota, Vermillion, South Dakota, United States (2) Department of
chemistry, University of South Dakota, Vermillion, South Dakota, United States

Low valent actinide ions in the aqueous solution aggregate through the complex
network of reactions such as hydrolysis, olation, and oxidation reactions. The study of
An(IV) nanoclusters has potential applications in nuclear waste reprocessing, storage,
and disposal. The Puss nanocluster contains a [PussOss]*** core stabilized by inorganic
capping ligands. Interestingly, Puss species exhibits the rapid change of the aqueous
spectral signature through acidification and dilution upon altering the ratio of water and
chloride in the cluster surface while leaving [PuzsOse]*?* inner core structurally

unal tered. This phenomenon confirms a depende
properties on its surface speciation. Here, we present a density functional theory study
of the electronic structure of [PuzsOseCla2(H20)20]? "and [PussOs6Clsa(H20)s]1 4 to explain
the [PussOss]4o0+ stability and physiochemical properties with different surface
speciations.
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Qualitative diagnostic index for pseudo Jan-Teller Distortion Based on Natural
Bond Orbital Theory: Case Study for Silicene

Rameswar Bhattacharjee, rameswariacs@gmail.com. Chemistry, University of South
Dakota, Vermillion, South Dakota, United States



Instability of ground state (GS) of non-degenerate high symmetric molecules are often
described through Pseudo Jahn-Teller mixing of the electronic states through vibronic
coupling. Most common approach to tackle Pseudo Jahn-Teller (PJT) problem is to
consider one or more symmetry allowed excited states that can couple with the ground-
state to impose vibrational instability in the system along particular normal modes.
However, this approach faces two major difficulties namely (a) predicting the adiabatic
potential energy surfaces (APES) for the excited states which are often hard to define in
case the excited states having charge-transfer (CT) or multi-excitonic (ME) character
and (b) finding out the number of symmetric excited states need to be coupled with the
GS to get solve the PJT problem. A parallel alternative method described here for the
well- known case of symmetry breaking molecule hexasilabenzene (SisHs) that undergo
PJT- distortion from planar (Den) to the buckled (Dsd) structure requires detecting the
second-order donor-acceptor, hyperconjugative interactions (E% v) that stabilize the
distorted structure. It is observed that orbitals involved in the vibronic coupling between
the SO-Sn states and those for the donor (filled)-acceptor (empty) interactions are
indistinguishable. Moreover, removal of any of particular E% vinteraction develops
vibrational instability in the buckled structure and on the other hand, deleting it for the
planar high symmetric structure removes its instability. The one-to-one connection
between the natural bond orbital (NBO) theory and PJT theory assists in an intuitive
recognition of the relevant excited states from a manifold of computed ones that control
symmetry breaking via vibronic coupling.
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Electrochemical Characterization of Redox-active Deep Eutectic Solvents for
Energy Storage



Raziyeh Ghahremani, rxg572@case.edu, Burcu Gurkan. Chemical and Biomolecular
Engineering, Case Western Reserve University, Cleveland, Ohio, United States

Deep eutectic solvents (DESSs) provide most of the distinct properties of ionic liquids but
are inexpensive and easier to prepare.! DESs are green electrolytes that could
potentially address the solubility issues related to the traditional electrolytes for redox
flow batteries (RFBs) and enhance their energy density by dissolving a significant
amount of redox-active species.? Redox-active organic molecules represent a promising
class of active materials for organic RFBs, exhibiting several benefits over inorganic
redox-active molecules such as synthetic tunability and high solubility of redox carriers,
as well as earth abundance of the constituent elements.? Designing redox-active DESs
with reversible redox behavior, appropriate solubility, and stability is still a challenge
hindering their practical applications for RFBs. Understanding the electrochemical
behavior, as well as diffusion and transport properties of the redox-active molecules in
DESs will bring insight into their applications for energy storage devices. In this study,
the electrochemical characterizations of various viologen derivatives in choline chloride
(ChCl) and ethylene glycol (EG) (1:4 molar ratio) mixture were performed by cyclic
voltammetry in a three-electrodes configuration cell. Viologen salts are among the most
suitable redox-active carriers for RFBs, showing two successive electron-transfer
processes. Diffusion coefficients and solvated radii of viologen derivatives were
evaluated by cyclic voltammetry. The mobility of ions in mixtures containing different salt
concentrations was also estimated through conductivity measurements. This study
provides perspectives on designing redox-active DESs for energy storage systems.

(1) Cruz, H.; Jordao, N.; Dionisio, M.; Pina, F.; Branco, L. C. Intrinsically Electrochromic
Deep Eutectic Solvents. ChemistrySelect 2019, 4 (4), 1530i 1534.
https://doi.org/10.1002/slct.201801054.

(2) Chen, B.; Mitchell, S.; Sinclair, N.; Wainright, J.; Pentzer, E.; Gurkan, B. Feasibility
of TEMPO-Functionalized Imidazolium, Ammonium and Pyridinium Salts as Redox-
Active Carriers in Ethaline Deep Eutectic Solvent for Energy Storage. Mol. Syst. Des.
Eng. 2020, 5 (6), 11477 1157. https://doi.org/10.1039/DOMEOO038H.

(3) Hu, B.; Tang, Y.; Luo, J.; Grove, G.; Guo, Y.; Liu, T. L. Improved Radical Stability of
Viologen Anolytes in Aqueous Organic Redox Flow Batteries. Chem. Commun. 2018,
54 (50), 68711 6874. https://doi.org/10.1039/C8CC02336K.
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Investigating homogeneous nucleation of propane and n-butane in supersonic
nozzle expansions

Jiaqi Luo?, luo.998@osu.edu, Barbara E. Wyslouzill-2. (1) William G. Lowrie
Department of Chemical and Biomolecular Engineering,, The Ohio State University,
Columbus, Ohio, United States (2) Department of Chemistry and Biochemistry, The
Ohio State University, Columbus, Ohio, United States



Supersonic separators have been proposed as an environmentally friendly way to
remove heavier alkanes from natural gas. Understanding the non-equilibrium vapor-
liquid phase transitions of n-alkanes is therefore essential to the development of these
devices. Homogeneous nucleation rates have been measured in supersonic laval
nozzles for n-alkanes down to n-pentane, and, thus, n-butane and propane are the next
logical candidates from both the experimental and theoretical points of view. A second
goal of our research is to determine the critical cluster sizes from isothermal nucleation
rate measurements. Working with these short chain alkanes should then let us compare
our nucleation results to those determined via direct mass spectrometric sampling in
post-nozzle flows carried out at ETH Zirich. In particular, we can follow the nucleation
process as it changes from one controlled by a free energy barrier to the barrier-free,
collisional limit. All experiments use argon as the carrier gas. Pressure Trace
Measurements (PTMs) provide estimates of the temperature, pressure, mass fraction of
condensate, flow velocity, and area ratio of flow. The conditions corresponding to the
onset of condensation and the characteristic times required by the phase transition are
presented and discussed for n-butane and propane. Classical Nucleation Theory (CNT)
fails to describe the particle formation process under our conditions because of its
incorrect description of the smallest clusters. The determination of experimental
nucleation rates requires the combination of PTMs results and number densities
measured by Small Angle X-ray Scattering (SAXS) experiments. Correlation functions
between number densities and initial partial pressure of n-pentane and n-hexane were
used to estimate the number densities of propane and n-butane. Further SAXS
experiments will be conducted once the Advanced Photon Source is again available for
outside researchers.
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Investigation of the Liquid Crystalline Properties of Sunset Yellow Water
Solutions with the addition of Gold Nanoparticles

Christina Robb?!, cmrobb@zoominternet.net, Michael R. Fisch2. (1) Chemistry and
Biochemistry, Kent State University, Kent, Ohio, United States (2) College of
Aeronautics and Engineering, Kent State University, Kent, Ohio, United States

While liquid crystals (LCs) are commonly associated with displays, such as LCD
televisions, LCs or substances that have liquid crystalline properties can be formed from
everyday materials, including food. An example is Sunset Yellow (SSY), a water-
soluble, disk-like molecule that at sufficient concentrations in water forms stacks that
may align, forming a lyotropic chromonic LC (LCLC). This study investigates those
LCLC properties upon the addition of gold nanoparticles (AuNPs) through the use of
polarized optical microscopy, x-ray scattering techniques, and other techniques.
Concentration changes of both SSY and AuNP cause variation in phase transition
temperature of SSY-H20 solutions, and we expect the addition of AuUNPs will affect the
order and alignment of SSY LCLC. The interactions of SSY and the AuNPs, for
example, how the SSY molecules stack and arrange themselves, will be presented.
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Pseudocontact Shifts Measurements in a Natively Diamagnetic Protein using
Proton Detected Solid-State NMR Spectroscopy facilitated by Co?* Binding Tag

Justin K. Thomas, justinkthomas27@gmail.com, Rajith J Arachchige, Dwaipayan
Mukhopadhyay, Christopher P. Jaroniec. The Chemistry and Biochemistry, The Ohio
State University, Columbus, Ohio, United States

Magic angle spinning (MAS) solid-state nuclear magnetic resonance (SSNMR)
spectroscopy is a widely used technique for exploring the structure and dynamics of
biomolecules. The conventional methods in MAS NMR rely on the measurement of the
distance-dependent dipole-dipole couplings between the H, 13C and '°N nuclei for
structure calculations. However, such studies are limited by inadequate number of long-
distance (>5 A) restraints. The paucity of long-range distance information can be
overcome by the insertion of non-native paramagnetic centers that can be covalently
attached to proteins. Inclusion of paramagnetic metal center results electroni nucleus
distance dependent pseudocontact shifts (PCSs) and paramagnetic relaxation
enhancements (PRES). In solution-state NMR, PCSs restraints have been used for the
structural determination of biomolecules. However, in solid-state NMR, such studies are
restricted because of the limited availability of the noni native tags that can incorporate
paramagnetic metal center in a protein. Here we show PCSs measurements in natively
diamagnetic protein facilitated by a thiol-reactive, compact cyclen-based, high affinity
Co?*binding tag, 2,2'-(4,10-bis(2-(pyridin-2-yldisulfanyl)ethyl)-1,4,7,10-
tetraazacyclododecane-1,7-diyl)diacetic acid (TETACD), which can be rigidly attached
to protein via two disulfide bridges. The resonance assignment experiments performed
on microcrystalline U-°H, 13C, °N-labeled K38C-Q32C-TETACD + Co0?*/Zn?* and D40C-
E42C-TETACD + Co?%*/Zn?* mutants of B1 immunoglobulin-binding domain of protein G
using ultrafast (60 kHz) MAS proton detected chemical shift assignment pulse
sequences. About 200 PCS restraints observed for nuclei up to ~20 A from the metall
center. The anisotropic tensor (G tensor) was
the calculated PCSs values were found in good agreement with the experimental PCS
measurements.
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Spreading and oscillation of single droplet impacting on a solid substrate

Menghan Zhao, zmenghan@mtu.edu. Mechanical Engineering, Michigan
Technological University, Houghton, Michigan, United States

In this study the liquid droplet impacting on a solid surface is observed and the
dynamics of droplet spreading and oscillation on a substrate is studied. We are
particularly interested in the change of the dimensions of the droplet (height and width)
with time. Droplets of various liquid types with different impacting velocity are tested.
Wetting property of the substrate surface is also varied from hydrophilic to hydrophobic.



Droplet dynamics during the impingement and the following oscillating period are
captured directly using high speed camera, and the characteristic parameters of
interaction, such as droplet diameter, spreading factor, shape flatness, and dynamic
contact angle, are captured from the obtained images.

Oscillating characteristics of the droplet dimensions are fitted with a second order
damped harmonic oscillator model. However, the visualization results show that the first
cycle including the impacting moment and the following cycles have significant
differences in the oscillation amplitude as well as the peak-to-peak intervals. Therefore,
the harmonic oscillation model based on single damped coefficient and constant
oscillation frequency does not predict well the experimental results. Thus, we would like
to propose the two-stage model. The first stage is to model the first cycle including the
impacting, and the second stage separately models the oscillation dynamics in the
second cycles and after. The model uses the dimensionless numbers and the wettability
of the substrate as input.
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Freezing of aqueous-alcohol nanodroplets in a supersonic nozzle: Effects of
chain length and structure



Tong Sun?, sun.2341@osu.edu, Barbara E. Wyslouzil?. (1) The Ohio State University,
Columbus, Ohio, United States (2) Ohio State University, Columbus, Ohio, United
States

Ice nucleation from supercooled water droplets is frequently encountered in nature and
industry. The prevalence of organic vapors in the atmosphere encourages investigation
of ice nucleation in the presence of such contaminants. Here we investigate freezing of
aqueous-alcohol nanodroplets for pentanol and hexanol and their isomers. The
structure of water droplets containing a low mole percent of short-chain alcohol has
been reported to be core-shell, with the hydrophobic alkyl tails of alcohol molecules
pointing outward from the droplet and the hydrophilic heads forming hydrogen bonds
with water. The effects of theses alcohols on freezing is expected to be affected by their
different desire to partition between droplet surface and bulk phase. The aqueous-
alcohol nanodroplets are produced in a supersonic nozzle by homogeneous
condensation and further cooled to freeze them. By measuring the position-resolved
pressure in the nozzle and integrating the compressible flow equations, the
temperature, density, velocity of the gas mixture and mass fraction of the condensate
are obtained. The aerosol freezing process is characterized by IR spectroscopy by
monitoring the O-H stretch region and further quantified by Self Modeling Curve
Resolution (SMCR) analysis. This analysis technique decomposes the aerosol
absorption spectra into three linear independent components: a high temperature liquid
reference, a low temperature liquid and an ice component. The ice components blue
shift and broaden as more alcohol is added to the system, indicating a less ordered
structure in the H-bonding network that can be achieved. For aerosols that clearly
freeze, the freezing kinetics is derived from the ice fraction. The results show that the
tetrahedral structure of ice is most perturbed by 3-pentanol and 3-hexanol due to their
lower surface concentration than the corresponding linear isomers. For alcohols
adopting the same conformation, solubility in water is a secondary factor in determining
the effects of alcohols on freezing.
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Sustainability in Industrial Applications
Gayle Schueller, grschueller@mmm.com. 3M, Maplewood, Minnesota, United States

As a manufacturing business with a global footprint and diverse product portfolio,

advancing sustainability for a company like 3M poses unique challenges and
opportunities. The companydés pathways to redu
energy use requires complex and collaborative problem-solving, but as evidenced by its
commitments and annual progress, 3M consistently moves the needle. Beyond

improving their own operational footprint, manufacturing companies like 3M have the

opportunity to drive even greater positive impact through their customers and the

products they create. This keynote will share approaches to developing a sustainability

strategy, and best practices for building and advancing more sustainable operations and

customer solutions.
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Sustainably sourced and synthesized biomass microbeads to replace plastics in
consumer products

Benjamin P. Robertson, Isabelle F. Jones, Michelle A. Calabrese, mcalab@umn.edu.
Chemical Engineering and Materials Science, University of Minnesota Twin Cities,
Minneapolis, Minnesota, United States

Plastic microbeads are ubiquitous in personal care and cosmetic products (PCCPs),
used as exfoliants or rheological modifiers to improve viscosity, bulking, and film
formation. While >95% of microbeads are captured during wastewater treatment,
trillions of microbeads enter US aquatic habitats daily, detrimentally impacting marine
life. Despite legislation, most plastic microbeads in personal care and rinse-off products
are not regulated. Thus to develop a biocompatible and biodegradable alternative to
plastic microbeads, we developed biomass-based microbeads with dual adsorption
capabilities. As the target PCCP microbead size is substantially larger (300-8 0 0 & m)
than produced in typical biomass syntheses, an emulsion process was required. With
an eye toward sustainable industrial scale-up, biomass (cellulose, Kraft lignin) was
dissolved in a non-toxic, recyclable ionic liquid (IL). To ensure safe degradation
products, microbeads were created via precipitation in anti-solvents including water and
ethanol to eliminate the need for covalent crosslinking. Cellulose microbeads within the
target range were achieved by adjusting processing parameters like nozzle size and
height. Subsequently varying the anti-solvent and biomass concentration produced
beads of varying density and stiffness, demonstrating that microbead stability and
mechanical properties can be easily tuned. Finally, Kraft lignin was incorporated into
solutions to further tailor bead size and stiffness, and to assess the robustness of the
method to variable feedstocks. Stable cellulose-lignin microbeads were produced in
several anti-solvents. In aqueous anti-solvents, lignin leached from the bead to variable
extents, producing lower density, porous microbeads that may potentially enhance
adsorption and PCCP suspension stability. Subsequent rheology on detergents
demonstrated that adding sustainable microbeads, even in small quantities (1% wt),
substantially altered PCCP flow behavior. As the non-volatile IL can be recovered and
reused and microbeads are stable without covalent crosslinking, this facile and highly
tunable synthesis can be easily translated to industry to create sustainable alternatives
to plastic microbeads in PCCPs.
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Chemical Strategies for Perfect Sustainable Polymers

Paul J. Dauenhauer, hauer@umn.edu. Chemical Engineering & Materials Science,
University of Minnesota Twin Cities, Minneapolis, Minnesota, United States

The emerging challenge of polymer/plastic waste necessitates a new approach to
designing, using, and handling waste materials including flexible end-of-life polymer



strategies. As part of the NSF Center for Sustainable Polymers, two overarching
strategies are presented to meet the requirements of a perfect polymer including:
biodegradability, cost parity with existing materials, low energy production requirements,
comparable or better performance to existing materials, and the built-in capability to
completely recycle the waste polymer back to the original monomer. Recovery of the
monomer (e.g., ethylene from polyethylene) ensures that the waste material is recycled
and regenerated to a new recycled polymer that has identical performance
characteristics, even after hundreds or thousands of cycles through use and recycle.
Specific examples of strategies for perfect polymers are outlined including existing
systems around polyolefins, polyurethanes, PET, and elastomers in addition to entirely
new polymers with advanced performance that also meet all of the sustainability
requirements.
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Post Consumer Recycled Polymer Quality Challenges
Craig F. Gorin, cgorin@dow.com. Core R&D, Dow, Midland, Michigan, United States

Post-consumer recycled materials remain underutilized in the circular economy
industrially due to issues of fApoor qualityo
include the need for separation of desired materials from complex formulations or

multilayer structures, and the presence of contaminants causing poor organoleptics,

aesthetics or mechanical performance. These issues exist for both mechanically and

chemically recycled polymers. The contaminants can also be highly diverse mixtures

including decomposition products, requiring advanced methods of analysis. An

exploration of these challenges and potential options to enable quality improvement will

be presented, using polyethylene and polyurethane waste as examples.
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Improving the mechanical properties of aliphatic polyester thermoplastic
elastomers through star architectures

Stephanie R. Liffland?, liffl001@umn.edu, Marc A. Hillmyer2. (1) Chemistry, University
of Minnesota Twin Cities, Hamilton, New Jersey, United States (2) University of
Minnesota, Minneapolis, Minnesota, United States

A series of sustainable aliphatic polyester thermoplastic elastomers (APTPES),
consisting of multi-arm star polymers with arms of poly(L-lactide)-block-p o | -y ( 2
methylcaprolactone), were investigated and compared to analogous linear poly(L-
lactide)-block-p o | -ynéthylcaprolactone)-block-poly(L-lactide) triblock polymers. Linear
analogues with comparable arm molar mass and comparable overall molar mass were
synthesized to distinguish the impact of architecture from molar mass effects. The star
block polymers significantly outperformed their linear analogues with respect to ultimate
tensile strength and toughness, exhibiting more pronounced strain hardening than



corresponding linear APTPEs. The stars exhibited high ultimate tensile strengths (~33
MPa) and large elongations at break (~1400 %), outperforming commercial, petroleum-
derived styrenic TPEs. The star polymers also exhibited superior recovery compared to
the linear APTPESs when subjected to cyclic strain cycles, suggestive of the impact of
architecture towards improved polymer mechanical properties. Upon exploration of the
polymer stress relaxation behavior, the star APTPEs demonstrated slower relaxation
than their linear analogues, indicating the improved performance at a broader range of
operating conditions provided by the star architecture. Dynamic mechanical thermal
analysis indicates that the star architecture does not negatively impact processability,
an important feature for potential industrial applications. Overall, this work illustrates that
simple changes in the macromolecular architecture in sustainable APTPES results in
materials with greatly enhanced mechanical properties. A comprehensive
understanding of the relationship between polymer architecture and mechanical
properties can be capitalized on to develop property-specific and industrially relevant
sustainable materials.
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Nano-layered, Nano-structured, and Micro-structured Polymeric Films for Energy
Efficiency

Timothy Hebrink, thebrink@mmm.com. MS 208 - 01 - 01, 3M Co, Maplewood,
Minnesota, United States

Multilayer optical film technologies made with hundreds of nanolayers and micro-
structured film technologies can be used to manage building energy while maintaining
architectural aesthetics. For example, visibly transparent (invisible) infrared mirror films
are useful for rejecting infrared energy from building windows, and walls, to reduce air
conditioning cooling energy loads by 10-30%. Rather than just rejecting infrared energy,
the infrared energy can be redirected to where it may be converted to electricity, or solar
thermal energy, with concentrated solar optical designs made with these transparent
infrared mirror films. Infrared concentrated solar designs have been modeled which
simultaneously provide building daylighting and solar energy generation.
Nanostructured and micro-structured films can be used for anti-reflection to capture
more solar energy for solar panels and greenhouses. Both multilayer optical films and
micro-structured films can be used to bring daylighting further into a building enabling
reduced electrical energy consumption for lighting. 3M Company manufactures specular
mirror films having greater than 99% reflectivity and this high reflectivity enables ducting
of sunlight greater distances into a building
precision micro-structured film technologies have been applied to windows to refract
light further into a building while simultaneously reducing unwanted glare. Multilayer
optical films are also useful for passive radiation cooling during the day. Previously,
passive radiation cooling was demonstrated for cooling only at night, but more recently,
broadband solar mirror films created with multilayer optical films have enabled passive
radiation cooling in broad daylight. Multilayer optical film technologies have been



applied to the creation of Ultra-Violet mirror films which are useful for providing durable
long lasting film protection in outdoor applications and even increasing the efficiency of
UVC disinfection.
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Designing Coffee Pods for Performance and Compostability with Ingeo
Biopolymer

Joshua Weed, joshua_weed@natureworkslic.com. Natureworks Llc, Minnetonka,
Minnesota, United States

Coffee pods in use today face tremendous pressures from the market to address
mounting waste concerns. Current multi-component structures and the small size of a
typical capsule means that recycling is not straightforward. A fully compostable capsule
provides an elegant and simple system for diverting used coffee grounds to industrial
compost, while also eliminating conventional plastic waste.

In the past, the performance attributes required by coffee roasters and consumers have
not been available in compostable capsules. Using our material characterization and
modeling capabilities, we have been able to quantify what it takes to create a high
performing coffee pod in terms of barrier, heat resistance, and puncture properties. We
can apply this information to our understanding of Ingeo as a biobased, compostable
material to help design better pod components including rigid capsules, nonwoven
filters, and multi-layer lidding that add up to a better cup of coffee for consumers.
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Nanomaterial Transformations and Environmental Sustainability: Opportunities
for Next-generation Chemists

Robert J. Hamers, rjhamers@wisc.edu. Univ of Wisconsin, Madison, Wisconsin,
United States

Nanomaterials are revolutionizing science and improving our lives by enhancing
performance and lowering the cost of many new and emerging technologies and
processes. While nanomaterials are often designed and synthesized to yield specific
performance characteristics in a specific application, much less is known about the
longer-term reactivity and chemical transformations of nanomaterials in environmental
and biological environments and the impact of these transformations on living systems.
The Center for Sustainable Nanotechnology is a multidisciplinary effort aimed at
understanding nanomaterial chemical transformations with an eye toward using
identifying new compositions and structures that can maximize the overall
environmental sustainability associated with nanomaterials. Using an integrated
Ameasur e, measur e, model , and control o paradi
insights into reactivity of complex transition metals oxides, identifying the role of the



molecular structure and morphology of surface ligands in controlling biological impact,
and identifying cross-species biochemical pathways that control biological impact.
Ultimately, these are leading to the ability to control nanomaterials transformations in
advantageous ways, such as controlled delivery of micronutrients to plants that yield
improved plant health and crop yield. In the talk | will summarize some of the new
chemical insights and the practical implications of nanomaterial transformations, with an
emphasis on opportunities for nano-chemists to enhance sustainability through
chemical insights into nanomaterial structure and function.
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Bifunctional Nickel and Copper Electrocatalysts for CO2 Reduction and the
Oxygen Evolution Reaction

Hanging Pan, schizokangaroo@hotmail.com, Christopher Barile. Chemistry, University
of Nevada Reno, Reno, Nevada, United States

In this study, a bifunctional electrocatalyst for CO2 reduction and the Oz evolution
reaction (OER) was constructed from the electrodeposition of cuprous oxide (Cu20) and
Ni on a carbon substrate. Different Ni thicknesses on Cu20 were achieved by varying
the time of chronopotentiometric deposition of Ni. Electrochemical CO2 reduction was
carried out at -0.89 V and -1.89 V vs. RHE, and it was found that formate and CO were
the two major products. Cu20 modified with a Ni overlayer with a thickness of ~700 nm
resulted in the highest formate Faradaic efficiency of 18%, and Cuz0 resulted in highest
CO Faradaic efficiency of 7.9%. The enhanced Faradaic efficiency for formate is
attributed to the synergistic effect between Ni and Cu20 due to maximized amounts of
exposed bimetallic sites that facilitate CO2 reduction. The electrocatalyst also produces
~9 times more current density than previous studies using Ni-Cu20 electrocatalysts for
the OER. The ability of the Ni-Cu20 thin films to catalyze both the OER and COz2
reduction allows them to be incorporated in the first demonstration of a two-electrode
COz2 conversion device with a bifunctional catalyst.

2021 GLRM 103

Adsorption and reaction of SOz and H2S on graphene/ruthenium(0001) - an ultra-
high vacuum surface science study

Thomas Stach, Melody Johnson, Samuel Stevens, Uwe Burghaus,
uwe.burghaus@ndsu.edu. NDSU Dept 2735, N Dakota State University, Fargo, North
Dakota, United States

Noble metal-free catalysis using (functionalized) carbon is an emerging alternative to
traditional chemical synthesis. Examples are known for liquid phase and gas-phase
reactions. In particular, reactivity towards adsorption and reaction of sulfur compounds
has been demonstrated in the literature. However, gas-surface reactions are not well
characterized. In this study, kinetics techniques (thermal desorption spectroscopy) and



spectroscopy (Auger electron spectroscopy) indeed show that SO2 and H2S undergo
chemical transformations on graphene epitaxially grown on ruthenium. In case of SOz,
SO and O2 desorb, sulfur remains on the surface. In addition, a molecular adsorption
pathway is evident.
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One-pot Synthesis of Ruthenium Nanocatalyst Using Reduced Graphene Oxide
as Matrix for Electrochemical Synthesis of Ammonia

Wen Suni, wen.sun@und.edu, Nihat Sahin4, Di Sun?, Xu Wu?, Jivan Thakare?, Ted
Aulich4, Jin Zhang®, Xiaodong Hou®, Julia X. Zhao3. (1) University of North Dakota,
Grand Forks, North Dakota, United States (2) Chemistry, University of North Dakota,
Grand Forks, North Dakota, United States (3) Univ of North Dakota, Grand Forks, North
Dakota, United States (4) Energy and Environmental Research Center, Grand Forks,
North Dakota, United States (5) Institute for Energy Studies, University of North Dakota,
Grand Forks, North Dakota, United States

Ammonia production consumes a significant energy supply and causes enormous
carbon dioxide (COz2) emission globally. To lower energy consumption and CO>
emission, in this work, a facile, environmentally friendly, and cost-effective one-pot
synthetic method for ruthenium-based nanocatalyst has been developed using reduced
graphene oxide (rGO) as a matrix. The developed nanocatalyst can reduce energy
usage through the electrochemical synthesis of ammonia at ambient conditions. The
synthesis of the nanocatalyst was based on a single step of reduction of RuCls into
ruthenium nanoparticles (Ru-NPs) and graphene oxide (GO) into rGO using glucose as
the reducing agent. The developed ruthenium-based nanocatalyst was characterized
using transmission electron microscopy (TEM), high-resolution transmission electron
microscopy (HRTEM), scanning electron microscopy (SEM), energy dispersive
spectroscopy (EDS), UV-Vis absorption spectroscopy, X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR), and dynamic light scattering (DLS). The results
demonstrated the morphology of the Ru/rGO nanocatalyst with a size of 1.93 + 0.24 nm
and the metal content of 20 wt.%. Bulk electrolysis measurements were conducted on
the thin-layer electrodes at various cathodic potentials in Nz-saturated 0.1 M H2SO4
electrolyte. Based on the chronoamperometric measurements, the maximum Faradaic
efficiency (F.E) of 5.4 % for ammonia production on the nanostructured Ru/rGO catalyst
was achieved at the potential of -0.20 V versus reversible hydrogen electrode (RHE).
This electrocatalyst attains a significantly high ammonia production rate of 29.2
pag/h/mgcat., Which is paving the way to the scaling-up electrochemical ammonia
synthesis. Compared to the reported nitrogen and phosphorus co-doped hierarchical
porous carbon (NPC) electrocatalysts for the nitrogen reduction reaction (NRR) with the
F.E and ammonia production rate reached 4.2% and 0.97 pg/h/mgcat.. Our results
clearly demonstrated the feasibility of reducing N2 into ammonia under ambient
conditions using the nanostructured Ru/rGO electrocatalyst.
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Synthesis of highly near-infrared fluorescent graphene quantum dots (GQDSs)
using biomass-derived materials for in vitro cell imaging and metal ion detection

Sarah Reagen?, sarah.reagen@und.edu, Yingfen Wu?, Xiao Liu!, Rahul K. Shahni?,
Jacob Bogenschuetz?, Xu Wu?, Qianli R. Chu?, Nuri Oncel?, Jin Zhang3, Xiaodong Hou3,
Colin Combs#, Antonio Vasquez?, Julia X. Zhao?. (1) Chemistry, University of North
Dakota, Grand Forks, North Dakota, United States (2) Physics and Astrophysics,
University of North Dakota, Grand Forks, North Dakota, United States (3) Institute for
Energy Studies, University of North Dakota, Grand Forks, North Dakota, United States
(4) Biomedical Sciences, University of North Dakota, Grand Forks, North Dakota, United
States

Graphene quantum dots (GQDSs) are a subset of nanopatrticles that have peaked recent
interest due to their photoluminescence properties, low toxicity and biocompatibility
features for bioimaging applications. However, it is still a challenge to prepare highly
near-infrared (NIR) fluorescent GQDs using a facile pathway. In this study, NIR GQDs
were synthesized from a biomass-derived organic molecule cis-cyclobutane-3,4-
di(furan-2-yl)cyclobutane-1,2-dicarboxylic acid via one-step pyrolysis. The resulting
GQDs were then characterized by various analytical methods such as absorption
spectroscopy, fluorescence spectroscopy, dynamic light scattering (DLS), high
resolution transmission electron microscopy (HRTEM), Fourier transform infrared
spectroscopy (FT-IR), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy
(XPS). Moreover, the photostability and stability over pH were also investigated, which
indicated the excellent stability of the prepared GQDs. Additionally, two peaks were
found in the emission spectra of the GQDs, one of which was located at about 860 nm.
Incubating the GQDs with RAW 246.7 cells resulted in the GQDs entering the cells
through endocytosis and thus could be used as fluorescent bioimaging agents.
Moreover, the GQDs depicted relatively enhanced fluorescence when treated with
different metal ions, indicating that the GQDs could be used for metal ion detection in
biological samples as well.
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Fe3* - doped Graphene Quantum Dots for Ultrasensitive Detection of H202 and
Glucose

Yingfen Wul, yingfen.wu@und.edu, Xu Wu?, Diane Darland?, Julia X. Zhao3. (1)
Chemistry, University of North Dakota, Grand Forks, North Dakota, United States (2)
University of North Dakota, Grand Forks, North Dakota, United States (3) Univ of North
Dakota, Grand Forks, North Dakota, United States

High blood sugar levels will result in diabetes and other serious diseases. Therefore,
finding an effective way to determine the blood glucose concentration is of great
importance. In this paper, a new graphene quantum dots (GQDs-Fe)with size smaller
than 10 nm and zeta potential around 10 mV (measured by dynamic light scattering
method) were successfully synthesized with Fe(lll) ion and hydrophilic polyethylenimine



(PEI) under 200 for 15 h to detect H202 and glucose. Due to the redox reaction between
of Fe(lll) ion and H202, the concentration of H202 would be determined by the variation
in fluorescence intensity. However, the existence of H202is produced by the oxidation
of glucose, therefore, the detection of glucose can be realized. The optical properties,
morphology, and surface functional groups of the newly synthesized GQDs were
systematically characterized by analytical spectroscopy methods. Results showed that
the GQDs-Fe have adsorption peak, excitation and emission at 334nm, 340nm and
466nm, respectively. Most importantly, the quantum yield of the proposed GQDs-Fe
was 70.86%, which was much higher than other GQDs (usually 10-20%). In addition, in
order to obtain the optimal detection conditions, the reaction time and pH were
optimized. The GQDs-Fe showed a significant decrease in fluorescence with the
reaction of H202. Under the high performance of Fe(lll) oxidization, the newly
synthesized GQDs show high potential for its application in H202 and glucose detection.
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ACS Division of Small Chemical Businesses (SCHB) member benefits

Joseph E. Sabol, jsabol@chem-consult.com. Program Committee, ACS SCHB,
Racine, Wisconsin, United States

ACS Division of Small Chemical Businesses (SCHB) organizes informative and
collaborative chemical business themed symposia and programs at ACS national,
regional, and local section meetings. Starting in the year 2020, after the COVID lock
down, SCHB has held weekly internet-based virtual "discuss business", "lunch and
learn”, and the social "happy hour" for business-minded chemical professional to share
information on topics such as how to adapt to personnel and supply disruptions, work
from home bandwidth limitations, and the social interaction and problem solving that we
miss from in-person conferences. SCHB continues to partner with other ACS units on
thematic, critical, and contemporary topics that are of high interest to chemical
enterprise. Get the most out your ACS membership by joining SCHB, raise the visibility
of your brand, and learn from business-savvy chemists and entrepreneurs. SCHB
provides valuable member benefits, including the most valuable: building relationships
with a network of members from whom you can draw on for inspiration.
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Five mistakes small businesses make with their intellectual property (and how to
avoid them all!)

Randy Micheletti, randy.micheletti@gmail.com. Incubate IP, Glen Ellyn, lllinois, United
States

Growing businesses need strong intellectual property strategies to succeed in today's
economy. But many trip over the same issues, often through no fault of their own.
Explore 5 of the most common missteps emerging companies make with intellectual



property and--more importantly--how to avoid all of them. Presenter Randy Micheletti is
a chemist-turned-1P-lawyer with over a decade of experience helping businesses of all
sizes build strong IP portfolios while avoiding disputes over competitors' intellectual
property assets.
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Covid-19 nearly killed our business: The survival story of Laboratory Equipment
Services through the pandemic

Nicolas Gerst, nicolas2229@yahoo.com. Laboratory Equipment Services, LLC,
Evanston, lllinois, United States

Laboratory Equipment Services, LLC started operating live in the last quarter of 2019. A
few month later Covid-19 was disrupting businesses and supply chains worldwide.
Chemical businesses were impacted with the lockdown. Because we service laboratory
instruments (pipettes, analytical balances) on site, all our scheduled jobs were
cancelled or postponed indefinitely at the end of March 2020.

This is the story of our journey through the first year of the pandemic. With the help of
ACS Division of Small Chemical Business (SCHB), the lllinois Small Business
Development Center (SBDC), Startup Tree (City of Evanston/ Northwestern University)
and others, we were able to tap into resources and information that made our survival
possible. Sharing experiences with other small businesses has been vital.



