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The Bonding and Stabilization of Group 5 
Oxyhalide Polymers: Sigma-hole 

Interactions 
 

Donovan Hoilette Jr, Gabriel Stewart, Kelling Donald* 

Gottwald Center for the Sciences, University of Richmond, Richmond, Virginia 

 

In 1959, a paper was published that reported the Nb-O-Nb fragment in the extended solid of NbOCl₃ as 

having equal Nb-O distances of 1.99 Å experimentally. However, in 2002, a paper presented differences 

in the bond lengths along the Nb-O-Nb axis. Crystal structures of Group 5 oxyhalides (MOX₃; M = V, Nb, 

and Ta; X = F, Cl, Br, and I) suggest the presence of sigma holes on the M center of the C2v dimers. These 

dimers can be stacked multiple times, leading to the formation of the crystal structures. We examine the 

nature of these sigma holes to understand their overall impact on the extended solid. Our analysis relies 

on DFT calculations for structural optimizations, frequency, and bond analysis using the Gaussian 

software. We also investigate the effect oligomerization has on oxyhalide stability and the structural 

differences that occur. These types of weak O---M interactions are design elements that can be 

incorporated into novel materials and may already exist in other systems. A goal of this project is to 

identify other such cases where weak O---M bonds are supported by sigma hole interactions. 
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Substituent Effects on the Photophysical Properties of a Series of meso-Pyridyl-

BODIPYs: A Computational Analysis of the Experimental Data 

Dylan Goliber, Elijuah Hernadez, and Petia Bobadova 

Department of Chemistry and Fermentation Sciences, Appalachian State University, Boone NC 28608 

In collaboration with Daniel LaMaster 

Department of Chemistry, Talladega College, Talladega, AL 35160 

BODIPYs are a series of fluorescent dyes that have excellent photophysical properties, including 

sharp absorption and emission bands in the visible spectral region, high fluorescence quantum yields, and 

high molar extinction coefficients. BODIPYs could be functionalized at all the carbon atoms and at the boron 

center, enabling the fine tuning of their chemical and photophysical properties for a particular application. 

Among the various BODIPY derivatives, 8(meso)-pyridyl-substituted BODIPYs have received special 

attention and have found applications as pH sensors, metal ion sensors, mitochondria-specific probes, etc. 

Recently, a series of 8(meso)-Pyridyl-BODIPYs (2-Py, 3-Py, and 4-Py) and their 2,6-substituted 

derivatives were synthesized and their structure and photophysical properties were studied both 

experimentally and computationally. One of the main trends that was observed was that the 2-Py 

BODIPYs were consistently less fluorescent that their 3-Py and 4-Py analogs, regardless of the 2,6 

substituent. 

Herein, we extend our previous computational studies and model not only the ground but 

also the excited states of the entire series of previously synthesized meso-pyridyl-BODIPYs with the 

aim to explain the observed differences in the emission quantum yields. To better understand the 

trends and the effect of 2- and 2,6-substitution on the photophysical and electron-density related 

properties, we model also the ground and excited states of compounds that were not synthesized 

experimentally, however represent a logical part of the series (all mono- or di-substituted analogs, 

BODIPYs with R1,2 = CF3, as a strongly -bond electron-withdrawing group, and the meso-phenyl 

analogs of each series). We calculate a variety of molecular properties and propose that the 

experimentally observed low quantum yields for all 2Py compounds could be due to the very flat 

potential energy surfaces with respect to the rotation of the pyridyl ring in the excited states and 

the stability of a non-planar and significantly less fluorescent 2Py structure. 

Frontier orbitals and energies of the S
1

 excited state of 2Py at different angles of Py rotation (). 
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Quantum Mechanical Investigation of Small and Intermediate Sized Ammonia-Water 

Clusters 

Ben Petty, Sara Bourini, George C. Shields 

Department of Chemistry, Furman University, Greenville, SC, USA 

Seed particles provide surfaces or nuclei where gas molecules can condense, creating 

prenucleation sites that favor the initial formation of aerosols. While extensive research has 

investigated the prenucleation abilities of pure ammonia clusters in both gas and liquid phases, 

our understanding of the formation and structure of ammonia-water clusters remains lacking. 

This knowledge gap impedes accurate modeling of atmospheric chemistry, which is essential 

for research on the negative radiative forcing of large aerosols that creates a net cooling effect 

on the climate. Through a comprehensive study of key intermediates along the potential energy 

surface we have identified a limited number of stable ammonia-water clusters. These clusters 

were studied with a 1:1 ratio ranging in size from 1 to 6 units across a temperature range of 50 

K to 298.15 K.  Many thousands of initial structures were generated using a genetic algorithm 

and optimized initially at the GFN2 semi-empirical level of theory in OGOLEM. The optimized 

structures were further refined using the ωB97X-D/6-31++G** level of theory in Gaussian. 

Electronic energies of all structures within 8 kcal mol-1 or 6 kcal mol-1 of the density functional 

theory (DFT) minimum were corrected using domain-based local pair natural orbital coupled-

cluster with singles, doubles, and perturbative triples (DLPNO-CCSD(T)) with complete basis 

set extrapolation (CBS) using Dunning's correlation consistent basis sets (DZ, TZ, QZ) in 

ORCA. Structural frequencies were scaled by a factor of 0.971 to partially correct for 

anharmonicity. The complete DLPNO-CCSD(T)/CBS//ωB97X-D/6-31++G** model chemistry 

results were used to calculate the relative Gibbs free energies (∆G˚) from 50 K to 298 K. The 

low temperature ∆G˚ values were used to calculate the relative Boltzmann populations of the 

(NH3)n(H2O)n clusters for n=2-6, and will be used to compare with experimental results from 

molecular rotational spectroscopy conducted at the University of Virginia.  
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Investigation into the Oligomerization 

Energies of BeF2 and MgF2 in Relation to 

Anomalies in HgF2 Clusters 

Ethan Leonard, Kelling J. Donald* 

Department of Chemistry, University of Richmond, Richmond, Virginia 

Across the groups 2 and 12 metal halide clusters, certain oligomeric energies and modes of 

bonding are common for their different clusters. In the case of HgF2, the oligomerization patterns 

across the different oligomers up to the decamer (i.e., monomer, dimer, trimer, etc.) reveal an 

anomalous phase change as the number of monomers in the oligomer increases. However, a 

similar assessment of other systems such as HgCl2 and CO2, reveal no such phase change. A chain 

of each of those molecules remains completely covalent (HgCl2) or completely non-covalent (CO2) 

as monomers are added. In the study, we relied on the use of DFT methods in addition to 

optimization and frequency calculations to probe other metal halides for the presence or absence 

of the phase change phenomenon observed in HgF2. In particular, the same calculations and 

observations regarding the oligomerization energies were carried out on (BeF2)n and (MgF2)n, 

with the goal of determining whether these clusters exhibit the existence of such a phase change 

or if they would show a progressively covalent chain. The results suggest that the pattern in HgF2 

is a remarkably unique feature of that system.   
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Title: Exploring the Conformational Preferences of Groups 1 – 3, and 13 Metal Halides, 

Metallocenes, and their Derivatives 

Sabahudin Redzic and Kelling J. Donald 

Department of Chemistry, University of Richmond 

Group 2 metal dihalides are among the most thoroughly examined of the metal halide 

structures due in part to the bent and quasi-linear nature of some of these compounds. Similarly, 

the group 2 metallocenes exhibited both coplanar and bent geometries. A variety of bonding 

models sought to explain this bonding phenomenon including but not limited to orbitals theories 

and Walsh diagrams, polarized ion models, and the Pseudo-Jahn Teller effect. We examined the 

isoelectronic analogs of the group 2 metal halides and metallocenes, namely the group 1 anions, 

group 3 cations, and group 13 cations, to see if they exhibited similar bending patterns. Density 

functional theory (DFT) calculations were ran to determine equilibrium geometries. We found 

that, with the exception of the CsF2, FrF2, and group 3 dihalides, bending was nonexistent. The 

structures that reported bending followed existing trends with the highest degree of bending 

occurring to the heaviest metal difluorides.  
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Addressing Isomerization of Water Clusters in Diffusion Monte Carlo
Sijing Zhu and Lindsey R. Madison

Department of Chemistry, Colby College, Waterville, ME 04901

Obtaining the vibrational wavefunction from the Schrödinger equation is fundamental to

understanding the structural and spectroscopic properties of a water cluster. Nevertheless, the

coupling between vibrational modes render the Schrödinger equation analytically unsolvable,

and the presence of multiple stable conformations (isomers) for large clusters complicates the

wavefunction sampling. Diffusion Monte Carlo (DMC) is a numerical method that uses an

iterative “random walk” method to sample the ground state vibrational wavefunction across

multiple isomers and approximate the zero-point energy (ZPE). Our research focuses on the

complicated behavior of DMC on a simple point charge / flexible water (qSPC/Fw) potential

energy surface (PES), particularly in the presence of geometrically and energetically similar

isomers. We observed that initializing DMC sampling across multiple isomers frequently leads to

unphysical localization in a single isomer, misrepresenting the vibrational wavefunction that

should spread across multiple isomers. Conversely, initializing sampling within a single isomer,

intended for isomer-specific spectral analysis, can result in leakage to other isomers. These

dynamics are closely related to isomerization, which occurs due to the kinetic energy of the

vibrational ground state as modeled by the diffusion step in DMC. To better understand

isomerization in DMC, we conducted a complete scan of the PES for the water hexamer, locating

isomers and minimum energy pathways and compiling them into a transition map. To address the

challenges of localization and leakage, we implemented an intermolecularly Guided DMC,

which not only guides the intramolecular bond stretching and angle bending modes but also

directs the sampling towards selected intermolecular geometries. We evaluated the validity of

intermolecularly Guided DMC by analyzing the behavior of ZPE convergence and the fractional

contribution of each isomer to the wavefunction sampling. While a multi-isomer PES, typical of

systems with non-covalent interactions, requires a large sample size for DMC to accurately

capture the intermolecular geometries, our intermolecular guiding approach potentially makes

the sampling more computationally tractable.
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Optimizing the Synthesis of Ferroin Catalyst-loaded Sodium Alginate (F-SA) Beads for the 
Belousov-Zhabotinsky (BZ) Reaction 

Model nonlinear systems are useful in a wide variety of fields for furthering understanding of 
various physical, chemical, and biological phenomena. The Belousov-Zhabotinsky (BZ) reaction 
is an example of a nonlinear chemical oscillator that has been successfully used to model 
phenomena such as synchronization, pattern formation and biologic morphogenesis, quorum 
sensing, and other biological and physical occurrences.  The complex mechanism of this reaction 
can be summarized by three main processes: consumption of bromide, autocatalysis of bromous 
acid, and oxidation of an organic species resulting in the reproduction of bromide. This study 
sought to develop a method for synthesizing ferroin catalyst-loaded sodium alginate (F-SA) 
beads for investigating the origins of complex oscillation behaviors, such as chimera states and 
mixed period states. In these states, coupled BZ oscillators exhibit partial synchronization and 
aperiodic behaviors. The experimental results will be used to improve existing kinetic models to 
capture new bead dynamics.  Using a microfluidic experimental system, we investigate the effect 
of the alginate gelation temperature, setting time, and storage medium on the stability of the 
beads. Our results indicate that higher gelation temperature yielded more stable beads that 
increased ferroin catalyst retention. However, long-term storage of  F-SA gel resulted in beads 
exhibiting inconsistent oscillatory behavior that degraded over time. The storage of beads in oil 
improved the initial concentration of encapsulated ferroin catalyst. More experiments need to be 
done to optimize the use of fluorinated oil.

Olivia DeLucia
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How opioids such as fentanyl interact with the mu-opioid receptor (MOR) and the
different pathways they influence.

Samrawit Menghistu,1 Josephine Rocha,1 Leah Juechter,2 George C. Shields,2 and Caitlin E.
Scott1

1Department of Chemistry and Biochemistry, California State University, Los Angeles Los
Angeles, CA, USA
2Department of Chemistry, Furman University, Greenville, SC, USA

Chronic pain is generally defined as pain lasting three months or more beyond the time of normal
tissue healing. Chronic pain is associated with multiple complications, including impaired
memory, cognition, and attention; sleep disturbances; reduced physical functioning; and a
decreased overall quality of life. It has been proven that the most effective treatment for chronic
pain is opioids, which are drugs that bind to the mu-opioid receptor (MOR). MORs are G
protein-coupled receptors (GPCRs) that play an important role in pain control. In recent years,
the published high-resolution experimental structures of opioid receptors have provided a solid
foundation for both experimental and computational studies. Once activated, the MOR can bind
to different intracellular proteins, including the Gi protein and β-arrestin proteins. The Gi protein
causes signaling pathways leading to pain relief, while the β-arrestins pathway is known for
causing undesirable side effects. β-arrestins may sensitize and internalize receptors, which
reduces their signaling through the Gi protein pathway. In order to understand these pathways, it
is very important to develop opioids that provide the most effective pain relief while minimizing
side effects. Our objective is to model how different opioids can stabilize different conformations
of the MOR to explain how one ligand can elicit different signaling pathways. In this experiment,
we will be looking at the fentanyl bound-MOR in complex with Gi protein, (PDB ID: 8EF5). We
used Induced Fit Docking as part of the Schrodinger software to accurately predict multiple
ligand binding modes. We will explain how different ligand structures lead to structural changes
within the receptor. We are expecting that the higher energy fentanyl structure to dock with the
MOR and stabilize a different conformation than what was captured experimentally. This can
lead to greater receptor activation even at very low drug concentrations. Knowing how these
reactions occur at the cellular level will eventually help us in developing better drugs as well as
strategies for reducing the negative effects of effective opioids such as fentanyl. This is essential
for creating opioids that may reduce pain while lowering the risk of addiction and other side
effects.
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Investigating Prion Protein-Lipid Interactions and Prion Protein-Fibril Binding 

[1] Noah Greenwood, [2] Jace Westphal, [3]Moo Law La Soe, [1]Patricia Soto 

[1] Department of Physics, Creighton University, Omaha, NE 

[2] Department of Biology, University of Nebraska Omaha, Omaha, NE 

[3] Omaha North High School, Omaha, NE 

 

Prion proteins, which are glycoproteins anchored to the plasma membrane, play a crucial role 

in developing fatal neurological degenerative disorders like Creutzfeldt-Jakob Disease. These 

proteins' misfolding, accumulation, and deposition are central to their toxicity. This misfolding, 

influenced by lipid composition in the plasma membrane, results in fibrillar aggregates that are 

pivotal in disease transmission and templated misfolding. Our project uses structural 

bioinformatics to understand protein-lipid and protein-fibril interactions and their role in 

remodeling the cell membrane surface. Simulations indicate selective binding of the protein on 

the membrane, with the surface re-modeling based on the interacting protein residues. Protein-

fibril docking calculations suggest that the prion protein binds to the fibril via two loops, driven 

by hydrophobic or electrostatic interactions. We will report on how our findings are modulated 

by glycosylation and the intrinsically disordered N-terminus of the prion protein.   Ultimately, 

we aim to identify molecular targets for the rational design of anti-prion drugs to develop 

effective treatments for these currently incurable diseases. 
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Mapping thermodynamics of photoexcitation and reaction pathways of

phenolic carbonyls
Maria Gabbasova and Lindsey R. Madison

Department of Chemistry, Colby College, Waterville, ME 04901

The burning of organic matter in plants, such as lignin, produces a variety of atmospherically

significant compounds which are increasing in prevalence as global temperatures rise and

wildfires become more frequent. Phenolic carbonyls, such as vanillin and syringaldehyde, are

used as model compounds to understand their reactivity and the impact they may have on the

atmosphere. Once produced, both molecules are able to undergo photoexcitation within

atmospheric conditions, but the outcomes are notably different despite their related structures.

Namely, vanillin is capable of dimerization, while syringaldehyde instead decomposes into

substituent molecules. To understand why certain products are more likely to form and what

significance those products have, electronic structure calculations (B3LYP/6-311+G(2d,p)) were

used to model the possible reactivity of these atmospheric molecules. In order to develop an

accurate computational model of solvent conditions, a set of simple molecules involved in the

dissociation of hydrofluoric acid were used with a variety of basis sets and levels of theory. The

initial data collection of electronic energy and spectroscopy of hydrofluoric acid dissociation

molecules provided the groundwork to understand different computational models that could

then be used to analyze the thermodynamics of atmospherically relevant phenolic carbonyls.

Geometry optimization and vibrational frequency calculations done with B3LYP/6-311+G(2d,p)

provided a means to compare the relative thermodynamic stability of phenolic carbonyls and the

pathways forming their derivatives. These pathways include photoexcitation, oxidation,

reduction, protonation, deprotonation, and hydrogen abstraction. Comparing the stability of

structures resulting from different pathways helps to identify thermodynamically favorable

products and explain why molecules of the same family may react differently despite matching

conditions.
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 Structure-property models for transport in evolving polymer matrices 

 Erik Sapper, Miles Brockbank, Zoe Bryan, Wyatt Goldman, Liam Alsbury 
 California Polytechnic State University - San Luis Obispo 

 The transport of small molecules through polymer matrices is a key characteristic of many 
 material systems, from drug delivery devices to latex paint film formation. While first-principles 
 based transport and diffusion models exist, these do not readily allow for treatment of a polymer 
 matrix that is dynamically changing. For example, the swelling or shrinking of a polymer matrix 
 due to solvent ingress or egress or the crosslinking of the system during polymer film cure. 
 Descriptor-based models for transport through evolving polymer matrices that will enable 
 subsequent material system design, such coatings with controlled volatility profiles during cure, 
 or drug delivery systems with an optimized drug release rate. This work combines 
 thermogravimetric analysis of latex-based paint formulation components to study time and 
 temperature dependent curing and evolution of volatiles. Early efforts at developing QSAR 
 models for volatility of small molecules in a dynamically curing polymer matrix will be 
 presented. 
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Study of the functionally of chimeric proteins using predicted structures 
 

Agustina Bacelo, Javier Fernández Juárez, Frank X. Vázquez 
 

Chemistry Department, St John’s University, Queens, NY 
 
Sphnx is a new multimeric synthetic chimeric protein that has been designed to bind neuraminic 
acid (Neu5Ac) in a whole cell sensor. Neu5Ac can be found in the saliva of patients with oral 
cancer; such synthetic protein-based cell sensors could be a promising way detect early disease 
markers. The protein consists of a DNA binding domain (DBD), an engineered six residue linker, 
and a ligand binding domain (LBD). Experimental results show that Sphnx protein can bind 
Neu5Ac, while an almost identical control protein, Kunst, does not bind the ligand. Interestingly, 
the two proteins differ only by their six residue linkers: Sphnx, Nt-DBD-EKEKEK-LBD-Ct; Kunst, 
Nt-DBD-GSGSGS-LBD-Ct. With the use of the AlphaFold 3 web server, we were able to predict 
the 3D structure of both chimeric proteins, modelled both proteins as dimers along with the 
operator DNA double helix (5’-ATTGTGAGCGGATAACAATT-3’ and its complementary 
sequence). Understanding why the six amino acid linker causes such a difference to functionality 
is key to designing new protein based sensors. By predicting structures of Sphnx and Kunst and 
eventually simulating them using molecular dynamics, we hope to understand which key features 
affect functionality  to provide useful insight into new protein sensor design. 
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Inhibiting the Ryanodine Receptor Ca2+ release in Alzheimer's Disease:
S100A1 Inhibitor Drug Discovery

Hamza Mohammed,1 Megan E. Pelley,2 and Dr. Caitlin Scott1,2
1Department of Chemistry and Biochemistry, California State University Los Angeles, California

2Department of Chemistry, Hendrix College, Conway, Arkansas

Alzheimer's disease (AD) is a neurodegenerative disease that involves dysregulated calcium
signaling triggering neuroinflammation. S100A1, a homodimeric protein promotes the release of
calcium from intracellular stores through excitation of the ryanodine receptor (RyR),
S100A1-RyR complex with accompanied dysregulation of calcium release leads to
neuroinflammatory AD-triggering cascades. The objective of the study involves the use of
computational modeling to develop AD-preventative therapeutics via identifying molecular
inhibitors of the S100A1-RyR interaction.
An equilibrated structure of S100A1 was developed using molecular dynamics with AMBER
software and energy minimizations over 100 nanoseconds in triplicate to develop a model
reflective of the human physiological state. The modeling pipeline through Schrodinger’s
Maestro was further validated with extensive redocking trials based on experimental data. Virtual
screening of 7173 compounds was carried out for the identification of potential inhibitors.

Screening yielded three significant hits with high docking scores reflective of strong interactions
at the S100A1-RyR interface. The top three scoring compounds CHEMBL3978112,
CHEMBL3426696, and Batfenterol showed high binding affinities with docking scores of
-8.634, -8.240, and -7.442 kcal/mol, respectively.

This work demonstrates the usefulness of structure-based screening for the identification of
inhibitors of S100A1-RyR protein-protein interaction. The identified compounds are promising
leads for experimental validation and potential therapeutic development for Alzheimer's disease.
This study validated computational tools and ligand starting points for drug design targeting AD,
offering a novel approach to address the critical need for effective Alzheimer's treatments.
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Molecular Modeling of beetle antifreeze protein protects alcohol dehydrogenase in freeze-
thawing conditions 

 
Isabella Nieblas,! Daisy Aguirre,! Xin Wen,! and Caitlin E. Scott! 

 
𝑐!Department of Chemistry and Biochemistry, California State University Los Angeles, Los 

Angeles CA 90032 USA 
 

 
Freeze-labile enzymes are proteins sensitive to freezing temperatures. Their long-term stability 
poses a unique challenge as the enzymes lose their function under freeze-thawing conditions. 
Freezing is commonly applied to proteins to slow down the denaturation process. To protect 
these proteins during the freeze and thawing process, additives and co-solutes are added to the 
enzyme solutions; however, there is still a need to identify effective protectants since many on 
the market are prone to crystallization and are costly. The antifreeze proteins (AFPs) of cold-
adapted organisms have the ability to inhibit ice crystal growth and provide protection. Through 
multiple repeated freezing and thawing cycles of ADH with added DAFP-1 demonstrated 
increase ADH activity. In this study, beetle antifreeze proteins (AFP) from Dendroides 
canadensis (DAFP-1) are used along with the freeze-labile enzyme alcohol dehydrogenase 
(ADH) to investigate its cryoprotection mechanism by structural modeling of the protein-protein 
interactions of ADH: DAFP-1 complexes. The webserver ClusPro performed protein-protein 
docking, and subsequent analysis of the top 10 complexes based on “balanced” energy scoring 
functions show a salt-bridge interaction between Arg25 of DAFP-1 and Glu101 of ADH. 
Additionally, the Visual Molecular Dynamics Hydrogen bonds plug-in identified six hydrogen 
bonds between the two. Thus, the molecular docking identified interactions between DAFP-1 
and ADH, which provides better insight into the mechanistic role of AFP in preserving freeze-
labile proteins.  
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Modeling Dimerization of 4-Mercaptopyridine using Thermodynamics and Vibrational

Spectroscopy

Olivia Dalman and Lindsey R. Madison

Department of Chemistry, Colby College, Waterville, ME 04901

Recent experimental gold Tip-Enhanced Raman Spectroscopy (TERS), a form of vibrational

spectroscopy, of the organic molecule 4-mercaptopyridine captured spectroscopic changes,

indicating that an unknown reaction was taking place. Experimentally, TERS is used as a signal

enhancing technique for Raman spectroscopy by utilizing the electric field and chemical

enhancement of the electrons found on transition metals such as gold or silver to enhance the

polarizability of an attached molecule, thus increasing the Raman sensitivity by a factor of

103-107. Due to the controlled, single-molecule experimental setup, the change in spectra over

time possibly indicates dimerization. However, because there are multiple possible covalent

bonds with which a dimer of 4-mercaptopyridine may be formed, the final product is unknown.

Electronic structure calculations were used to determine the thermodynamics of possible dimers

along with computationally predicted spectroscopic TERS signatures of the dimer so that the

unknown 4-mercaptopyridine dimer may be identified from the experimental TERS spectra. To

replicate the gold tip and its chemical effects that were present in the experimental procedure,

the 4-mercaptopyridine was modeled attached to a 20-atom gold tetrahedron and had geometry

and Raman Spectroscopy run on Gaussian 16 with B3LYP/LANL2DZ theory. This investigation

into an unexpected result of TERS can help experimental researchers gain a better understanding

of the limitations and side-reactions that may occur during TERS experiments.
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Implications on the Bending of 

Cyclopentadienyl Ligands in Half-

Sandwich Complexes. 
 

Brice Di Carlo, Sabahudin Redzic, Kelling J. Donald 

 

Gottwald Center for the Sciences, Department of Chemistry, University of Richmond, Virginia.  

 

Abstract: Metallocenes are well-known compounds in organometallics that experience co-planar 

or bent configurations. It has not been fully established experimentally or computationally the 

extent to which half-sandwich complexes experience bending. We have investigated the bond 

angles of C5H5-M-X systems of group 2 half-sandwich complexes, and the influence of 

methylation on these complexes. Optimization and frequency calculations at the MP2 and 

wB97X-D level of theory have been used to determine the bond angles and bond lengths. We 

find that only certain heavy half-sandwich structures experience a substantial degree of bending 

with particular halogens and alkaline earth metal combinations. C5H5-Ba-F showed the most 

significant bending, all other C5H5-M-X complexes showed to be linear. Further investigations 

have been carried out to assess the energy barriers to bending in these systems. These results 

offer insights and predictions for future experimental investigations. 
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Allosteric Signal Propagation in PDZ: A Network Analysis with
Rotamerically Induced Perturbations
Samvit P. Singhal, Kelly M. Thayer, and David L. Beveridge

Wesleyan University

Allostery is a special case of cooperativity in protein-ligand binding, where the binding of a molecule at one site
on a protein affects the function at a different, distal site. Understanding the mechanism of thermocyclic signal
transmission in the PDZ3 protein (Figure 1) is essential, as PDZ3 is a crucial component in cellular signaling
and the regulation of protein-protein interactions. Moreover, we know that the thermocycle directly influences
allosteric regulation in PDZ3. This knowledge has significant potential for advancing our understanding of
the signaling pathways involving the p53 protein, a major factor in cancer research. This study proposes two
computational methods to investigate this phenomenon.

1. Rotamerically inducing perturbations using the Ho-Agard method to heat the atoms at the active site,
followed by molecular dynamics (MD) simulations to observe the equilibration process. This allows us
to map how thermal energy spreads over the atoms as a function of time.

2. Creating a protein structure network (PSN) with amino acids as nodes and edges representing as-
sumed interaction strengths. We will then perform a Markov Transient Analysis (MTA) to map the
communication channels in the PSN.

In this study, we aim to characterize allosteric signalling channels between the allosteric effector and the
ligand binding site in PDZ.

Figure 1: Thermocycle of allostery. P = protein; P* = allosterically activated P; L = ligand (binding site);
A = allosteric site

1
Poster Session 2 - Abstract 19



Computational Study of Water Filtration through Graphynes’ Pores 

Alyssa McPhee, Luiz Oliveira 

Department of Biology and Physical sciences, Mount Vernon Nazarene University, Mount Vernon OH. 

Carbon-based nanotechnology has attracted considerable attention for industry purposes including numerous 

electrochemical applications, fuel cells, and water electrolyzers. Carbon has several hybridization states that create different 

allotropes. A common example of this is graphite, which is an sp2 allotrope of carbon. A recent synthesis of a novel carbon 

allotrope, graphyne, is composed of sp- and sp2- hybridization with uniform distributed nanopores (Figure 1) and has been 

discovered to have applications developed in a wide range of fields such as energy, environmental issues, and biomedicine. 

The nanopores are created with chains of carbon-carbon triple bonds, and the size of the pore can be manipulated through 

changing the number of triple bonds (represented by n). This study investigates graphyne-n structures for n = 3, 4, and 5.  

Figure 1: Examples, with a) n = 1 triple bond and b) n = 4 triple bonds on each side 

A recent application for graphyne has been in the desalination process. Desalination is a viable solution to alleviate the 

pressing issue of water scarcity. Water scarcity is important because, even though we have abundant water resources, 98% 

of it is in the form of salty water we cannot drink. Current desalination methods encounter high energy usage and expensive 

infrastructure as obstacles.  

Recent molecular dynamics (MD) simulations have demonstrated the usefulness of graphyne-n=3,4,5 for desalination. 

However, these simulations relied on force fields (FF) and showed a disappointing spread of results. Therefore, there is a 

need to go beyond FF schemes while maintaining a reasonable computational cost. To this end, we have used the DFTB 

method that maintains a reasonable computational cost and also provides an explicit quantum description of the electronic 

structure. Our MD simulations are accelerated with metadynamics (MetaD), achieving enhanced sampling through the 

introduction of a history-dependent bias potential, (Figure 2). We will show the filtration performance of grapyne-n structures 

as well as the free energy profiles of different salts across the nanopores. 

a) 

b) 

c) 

Figure 2: Snapshots of a MetaD simulation of 32 water molecules and 4 Na and 4 Cl ions through graphyne-5 
at a) 0 ps, b) 20 ps, and c) 36 ps
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Free energy landscape of knotted and unknotted homolog 
proteins 

Alyssa McPhee, Cailey Bubis, Mason Lewis, Luiz Oliveira 

Department of Biology and Physical sciences, Mount Vernon Nazarene University, Mt Vernon, OH 

Knotted proteins have been identified in approximately 1% of the entries in the protein data bank. These proteins are 
generally topologically more complex than their unknotted homologs. Additionally, they have a diverse topology with different 
levels of complexity. Four distinct knot types have been detected in proteins: trefoil (31), figure-of-eight (41), three-twist (52), 
and stevedore (61) knots (Figure 1). 

Figure 1*. Schematic representation of A) 31, B) 41, C) 52, D) 61 knots 

The exact purpose of knots within proteins and their implications are unknown. However, it is theorized that their complicated 
topology, and thus longer folding time, contributes to impaired function. This impaired function may have a relationship with 
neurodegenerative diseases, which are known to be caused by protein misfolding and aggregation. 

Knotted proteins consistently navigate structural constraints to form a knot from a simple native loop. The persistent 
appearance of this generally suboptimal structure suggests that these proteins may have some sort of stability advantage 
over unknotted proteins. It is hypothesized that knotted proteins, when compared to their unknotted counterparts at 
equivalent temperatures, will resist denaturation more effectively, and will therefore be more stable.   

In this project, we seek to better understand how the presence of a molecular knot affects a protein’s unfolding mechanism 
compared to its unknotted homolog. To accomplish this, we are studying the free energy surface (FES) of the 
unfolding/unknotting as a function of the fraction of native contacts. To overcome the high-energy barriers along the FES of 
these proteins, we use metadynamics (MetaD). Figure 2 shows the structure of the knotted protein MJ0366 (PDB ID 2EFV) 
and the obtained unknotted structure from our MetaD simulation. 

Figure 2: Unknotting of MJ0366 from Methanocaldococcus jannaschii (PDB ID 2EFV), a knotted protein, 
using MetaD. 

MJ0366 Kno*ed MJ0366 Unkno*ed 

*Adapted from Nicole C H Lim and Sophie E Jackson 2015 J. Phys.: Condens. Matter 27 354101

A) B) C) D) 
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Molecular Dynamic Simulations of p53 Inform Machine Learning of

Allosteric Reactivators

Jeremy T. Zay, Theodore B. Sternlieb, Conrad Fischl, and Kelly M. Thayer

Allosteric modulators are compounds that bind to a protein at a non-active site, causing a

conformational change that affects its activity. PK11000, an allosteric modulator of interest from

the literature, binds to the p53 protein with a Y220C mutation. A crucial tumor suppressor,

mutations in p53 present in approximately 50% of cancers. For p53 with the Y220C mutation,

the compound PK11000 was able to allosterically restore its normal function. However,

PK11000 is toxic to humans, and since it binds to p53 in an unintended site, the process is poorly

understood.

Understanding the Y220C mutation is a key case study for developing a pipeline for

creating allosteric drugs to restore p53 native activity. In this study, we investigate the allosteric

properties of p53 using molecular dynamics (MD) simulations, which provide information for

machine learning (ML) approaches for the development of allosteric drugs.
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Title: “Constructing a QSAR-based model to help detect GHB” 

Authors: Sarah Chang, Zane Fink, Dr. Erik Sapper 

Many emerging technologies are being used to combat drug-facilitated sexual assault (DFSA), 

ranging from fingernail polishes that change color when dipped in a spiked drink to wristbands and 

other wearables that can provide real-time indication of a dopant in a drink before consumption 

occurs. While some of these technologies rely on chemical indicators with specific affinities for 

particular DFSA drugs of concern, many rely on other mechanisms, which can be problematic. For 

example, acid-base indicators can easily lead to false positives and false negatives. Here, we 

propose a QSAR-based study of fluorophores as they respond to gamma-hydroxybutyrate (GHB). 

Fluorophores will be synthesized, binding and fluorescent activity will be recorded, and a 

descriptor-based model will be built to provide an in-silico design tool for improved fluorophore 

discovery. 
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Anticancer Fluorouracil: Uncatalyzed hydrolytic deamination of Cytosine to Uracil. 

Rajkin Chakraborty, Anthony Ortega, Olaseni Sode 

Department of Chemistry and Biochemistry, California State University, Los Angeles, 5151 State 

University Drive, Los Angeles, 90032, USA 

Potential energy surfaces (PES) studies are invaluable for uncovering the intricate details behind 

the geometry of chemical reactions dynamics. 5-fluorouracil (5-FU) is an anticancer compound 

synthesized as Capecitabine; a pro-drug inhibiting 5-FU cytotoxicity until it reaches an enzymatic 

conversion by cytidine deaminase.¹˒²˒³ Here, the hydrolytic deamination (HD) mechanism alters 

cytosine with water to form uracil and ammonia. We study the HD mechanism using quantum 

chemistry calculations and the B3LYP density functional. Cytosine was used as a model of 

cytidine (1), and additional molecules including waters, zinc ions, and acetate ions were included 

to more appropriately mimic the active site of cytidine deaminase. Our calculations compare 

favorably to existing literature data for this system. The calculations provide detailed pathways for 

the cytidine deaminase catalyst and establish a basis to compare relative energies of the catalyzed 

cytosine deaminase mechanism.⁴ 

Figure 1. Uncatalyzed hydrolytic deamination, potential energy surface diagram (kcal/mol).  

Published data by Matsubara et al using B3LYP/6-31G** level in solid line.⁴ Calculated data in 

dashed line HF, 321-G. Optimized geometry and bond angles. 
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Tumor Suppressor Protein p53 Isoform Molecular Dynamics
Fernando Caballero & Kelly M. Thayer
Wesleyan University – Middletown, Ct

Eukaryotic proteins are translated from encoding DNA not as a single sequence but as several
variants through a process known as alternative splicing. This is also the case for p53, a tumor
suppressor protein that has twelve variations in different tissues of the human body. However,
most current studies on p53 do not take this into consideration.

We explore the hypothesis that the difference in protein sequence may hard code differences in
the way that p53 and DNA interact, affecting the role of p53 as a transcription factor. We aim to
determine the dynamic differences in these variations, also known as isoforms, through
molecular dynamics simulations. Furthermore, we explore the effects of mutations on the
isoforms, particularly the Y220C mutation, in which Tyrosine is replaced by Cysteine in the
DNA Binding Domain. This exploration is conducted from a dynamic standpoint through the use
of Molecular Dynamics Markov State Models, among other methods.

Figure 1:Full Length Y220C p53 Protein Showing Isoform Variable Regions.
Red: Isoform Variable Region 1
Green: Isoform Variable Region 2
Orange: DNA Binding Domain
Blue: Isoform Variable Region 3
Purple: Isoform Variable Region 4
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Machine Learning Insight and Optimization of Keto-Enol Tautomerization 

Anthony Vendome, Gerrick E. Lindberg, Frank X. Vázquez 

Chemistry Department, St. John’s University, Queens, NY. 

This project aims to develop a comprehensive framework to optimize chemical reaction yields using 

existing data, initially focusing on keto-enol tautomerization. Leveraging machine learning (ML) 

algorithms, we will identify key macroscopic and molecular properties that play a role in keto-enol 

tautomerization's reaction equilibrium and kinetics. ML methods such as LASSO, Ridge, and Elastic 

Net regressions will be used to predict equilibrium constants, with subsequent goals of predicting rate 

constants. After this model is developed for tautomerization, we hope to generalize this framework 

for other organic reactions. This approach aims not only to improve the yields of experimental 

reactions, but to offer deeper insights into mechanistic pathways of new reactions. By gaining a 

stronger understanding of these pathways, reaction conditions can be optimized for more favorable 

outcomes, such as enhancing reaction yields and improving the sustainability of 

chemical/pharmaceutical manufacturing.  
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Allosteric Signaling in p53: An Analysis of p53 Function and Dysfunction Using
Molecular Dynamics Simulations

Finn Hartigan-O’Connor, Kelly M. Thayer, and David L. Beveridge Wesleyan University

Allostery is a process by which binding of an allosteric effector at one site of a protein
affects the function of another, distant site. A drug binding to its target protein can affect the
structure and function of the whole protein, changing its affinities and properties. The allosteric
interaction we are interested in is the ability of the drug PK1100 to rescue the function of the p53
protein after a Y220C mutation. p53 is an important protein in cancer regulation, as it is involved
in signaling cells to commit apoptosis in response to genetic damage. Proper p53 function
requires that the protein binds DNA at a certain place. The Y220C mutation mentioned above,
however, reduces p53’s affinity for DNA by changing the structure and rigidity of the protein. But
when PK1100 is bound to p53, although it binds distantly from the DNA-binding site, it
nonetheless renews the ability of p53 to act almost as normal. This restoration of function was
discovered by accident and unfortunately, PK1100 has toxic side effects and so is not a viable
drug; nonetheless, our lab is attempting to find or design other drugs with similar ability to
restore p53 function, and cause apoptosis of tumor cells.

In this paper, we use analysis of molecular dynamics (MD) simulations to understand
how rescue of function happened with PK1100. We try to understand how mutation can affect
p53’s interactions with DNA, and what properties of the p53 structure allow PK1100 to reverse
that change. We aimed to understand which residues of p53 are connected, so as to determine
the path of change from the allosteric binding site to the active site of p53 which is used by
PK1100. After exploring the physical properties of allostery in our MD simulations, we discussed
what our analysis can tell us about rescuing the function of p53.
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Dynamics of water on zirconia and yttria-stabilized zirconia surfaces 

Daniel Daly, Luiz Oliveira 

Department of Biology and Physical sciences, Mount Vernon Nazarene University, Mount Vernon OH. 

We use density functional theory (DFT) calculations to obtain energetic and structural information of ZrO2 surfaces and 
yttria-stabilized zirconia (YSZ) surfaces on the (100), (110), and (111) crystallographic orientations in contact with an 
aqueous solution. Additionally, to provide information on the system’s dynamics and to include temperature effects we use 
ab initio molecular dynamics (AIMD). Our AIMD simulations are performed at different temperatures as well as with different 
water surface coverages to determine the effect of chemisorbed water on the stability of the different surfaces. 

Figure 1 Molecular representation of water molecules physisorption on ZrO2(110) surface
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Title: Unveiling the Function of P30646 as a Xylulose Printing: Kinase: A Biochemical Investigation 

Authors: Chaunice V. Figueiredo, Jaren C. Obia, Laura A. Rusch-Salazar and Bonnie L. Hall 

Institution: Grand View University 

Abstract: 

P30646, a protein with known structure but unknown function, was subjected to a thorough biochemical 

investigation to illuminate its role in cellular metabolism. Through a combination of enzymatic assays, 

protein structure analysis, and computational tools, such as CLEAN, BLASTp, DALI, SPRITE, and Interpro, it 

was discovered that P30646 might function as a xylulose kinase. After extensive research into P30646, 

the protein was over-expressed and purified. Enzymatic assays were used to determine the catalytic 

activity of P30646 in phosphorylating xylulose to produce xylulose-5- phosphate. The kinase assay 

showed that P30646 does act to phosphorylate xylulose. 
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Developing Quantum Machine Learning Algorithms  

to Predict Electrophilicity 

and Teaching High Schoolers About Quantum Information Science 
 

 

Leah Boyle1, Padmanabh Kaushik1, Nicholas Sorak1, Kusum Subedi1, 

Swetha Tadisina1, Vedit Venkatesh1, Lucas Villamil1, Nam Vu1,2, Crystal Yeung1, 

Maya Zilberstein1, Delmar Azevedo Cabral2, Brandon Allen2, Pouya Khazaei3, 

Andrew Projansky4, Anthony Smaldone2, Scott Smart5, James Whitfield4, Victor 

Batista2, Heidi P. Hendrickson1 

 
1Department of Chemistry, Lafayette College, Easton, PA 18042 

2Department of Chemistry, Yale University, New Haven, CT 06511 
3Department of Chemistry, University of Michigan, Ann Arbor, MI 48109 

4Department of Physics, Dartmouth College, Hanover, NH 03755 
5Department of Chemistry & Biochemistry, University of California, Los Angeles, 

CA 90095 

 

 

Machine learning (ML) methods are increasingly used to predict toxicity of chemical 

species and are especially useful for areas such as the pharmaceutical industry, for 

virtual screening and de novo drug design, as well as environmental protection 

efforts. Although ML models are effective, they require large datasets and significant 

computing time. Quantum machine learning (QML) has the potential to overcome 

these limitations due to the smaller data sets required to train an effective model, as 

well as the quantum advantage in computing time. Recently, the Batista group at 

Yale University showed that a hybrid quantum-classical neural network for 

predicting drug toxicity performs as well as a classical neural network. In this work, 

we extend the QML approach to predict the electrophilicity in aqueous pollutants, 

and compare to a corresponding classical ML model.  

 

Quantum mechanics is not often taught in high school, and even when it is, it remains 

a challenging subject for introductory students. Game-based approaches are often to 

engage introductory students to quantum mechanical concepts, however there have 

been few studies investigating the learning outcomes from such activities. In this 

study, high school students are introduced to the idea of superposition through a 

workshop based on a “quantum chess” game. Specifically, we present our 

investigation on the impact of the workshop activities on student learning outcomes 

and student perceptions.  
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MD Sector Analysis of Tumor Suppressor Protein p53

Josh P. Phythian, Chris Chiu, Kelly M. Thayer

Wesleyan University

Allosteric signaling occurs when the perturbation of one part of a protein affects another
part of a protein via the active site. A mutation can act as an allosteric effector distally
controlling the active site of a protein. Similarly, allosteric effectors have been shown to have
deleterious effects on hotspot mutations. These effects occur via amino acid networks within
proteins. However, due to the complex nature of amino acid interactions, network dynamics and
protein behavior is a hard process to predict. The sector hypothesis posits that a cohesive
network of amino acid residues is capable of transmitting an allosteric signal through a protein.
Our model system, the p53 tumor suppressor protein is implicated in 50% or more of all human
cancers. We observed in silico that p53 contains a network of cohesive amino acids, which can
send signals over long distances within the protein. The test case of allosteric restoration by the
introduction of a small molecule has been demonstrated by the compound PK1100, which is not
suitable as a drug candidate. This became the proof of concept providing the basis for a reverse
engineering of other molecules suitable for human cancer treatment. This study undertakes the
development of MD sectors, a methodology for identifying a cohesive network for the
propagation of long range allosteric signals. The implications for utilizing sectors for the
development of allosteric therapeutics for currently undruggable diseases are considered.
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‭The Protein Data Bank (PDB) contains over 198,000 experimentally determined protein‬

‭structures, approximately 4300 of which have not been assigned a specific function. One such‬

‭protein is PDB ID 3r8e from‬‭Cytophaga hutchisonii,‬‭a potential kinase with a solved structure‬

‭but no confirmed function‬‭.‬‭Utilizing modules from the Biochemistry Authentic Scientific Inquiry‬

‭Laboratory (BASIL) consortium, we first used a range of‬‭in silico‬‭tools to analyze 3r8e. These‬

‭online tools included BLASTp, Pfam, and DALI. Together the‬‭in silico‬‭results indicated that‬

‭3r8e could be a glucose kinase. Next, molecular docking was used to explore whether glucose‬

‭was an appropriate substrate for 3r8e. Glucose and five other sugars were docked into 3r8e along‬

‭with ATP. Although all the sugars could be docked, glucose had the best calculated affinity for‬

‭the active site. The 3r8e protein was then overexpressed in‬‭E.coli‬‭and purified using nickel‬

‭affinity chromatography. Protein purity was assessed using SDS PAGE analysis. The purified‬

‭protein was subsequently used in coupled kinase assays to determine the specific activity of 3r8e‬

‭for the six different sugar substrates. A high specific activity was seen for 3r8e with glucose as‬

‭the kinase substrate. Little to no activity was seen using fructose, galactose, lactose, ribose, or‬

‭sucrose. Thin layer chromatography (TLC) was used to validate phosphorylation of glucose. In‬

‭summary, online tools, molecular docking, coupled assays, and TLC using purified protein‬

‭demonstrate that 3r8e is a glucose kinase.‬

Dalton Michael Dencklau
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Developing a QSAR model for enzymatic polymer 
degradation.  

William C. Lawrence Jr.  

Co-Authors: Giselle, Jordan, Ryan, E. Jones, Ourcelium 

Recent studies have shown that certain enzymes found in the mycelial structure of 
fungi can break down commercial polymers into smaller oligomers and polymer 
fragments. Current research at Cal Poly is exploring the long-term mycelial degradation 
of polymers, although this mode of enzymatic degradation is slow and not particularly 
suitable towards scaled up applications. Here, we propose the use of molecular 
descriptors and polymer QSAR approaches to discover polymer design rules that are 
particularly relevant for enzymatic degradation. Experimental results of early mycelial 
degradation studies will be presented, along with initial work in screening molecular 
descriptors that would be suitable for an enzymatic polymer degradation model. 
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The composite cathode consisting of garnet-type solid-electrolyte Li7La3Zr2O12 (LLZO) and 

active material LiCoO2 (LCO) is one of the most promising solutions for the cathode design of 

all-solid-state lithium batteries. The transport properties of Li within the LLZO-LCO composite 

cathode are known to be sensitively dependent on the composition and microstructural features. 

This study focuses on computationally refining the performance of solid-state batteries by 

modifying the porosity and volume fractions of the LLZO-LCO composite cathode while 

considering the variations in the microstructural features. Various 2D and 3D microstructures 

were synthesized using a stochastic stacking particle model and the corresponding effective 

diffusivity of Li is calculated using a numerical homogenization method, which allows for a 

systematic assessment of the impact of composition on lithium transport within the 

microstructure. By identifying the optimal ratio between LLZO and LCO phases and porosity, 

this research yields crucial insights for improving the performance of solid-state batteries by 

tailoring the composite cathode. 

Figure 1: A) An example 3-dimensional microstructure with 20.3% percent vacuum (white 

space) and 39.25% percent LCO (yellow) and 40.45% LLZO (orange). B) The highest effective 

diffusivity (purple) is found when the LLZO percentage is highest. Once the vacuum percentage 

is 30% or higher, minimal effective diffusivity (red) is observed. 

This work was performed under the auspices of the U.S. Department of Energy by Lawrence 

Livermore National Laboratory under Contract DE-AC52-07NA27344. 

Oskar Garcia
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A physiologically-relevant computational model of rotavirus non-structural protein 4 

(NSP4) in a membrane environment 

Sydney Batts1, Jada Henry2, Frank Williams, and Lori Banks3 

The Academy of Notre Dame de Namur, Villanova, PA1, Department of Biology, Prairie View 

A&M University, Prairie View, TX2, Department of Computer Science, Kenyon College, 

Gambier, OH3 

Non-structural protein 4 (NSP4) is found to interact with the endoplasmic reticulum (ER) and is 

involved in RV infection, causing alterations in Ca2+ ion concentration that lead to disease. Thus, 

NSP4 is vital in RV replication, morphogenesis, and pathogenesis. It is recognized that the 

ER  plays a key role in rotavirus replication and disease by being the target of NSP4’s activity. 

The graphical abstract shows the natural buffer conditions of the cytoplasm and ER of an 

enterocyte cell in the small intestine during rotavirus infection. It is shown that NSP4 alters the 

endoplasmic reticulum's Ca2+ ion concentration by releasing it from the ER lumen. This alteration 

in the electron gradient between the ER and cytoplasm is a major contributor to rotavirus disease. 

By assessing the natural conditions of cytoplasm and ER of an enterocyte during the naturally 

occurring infection, it is possible to understand the activity of NSP4 and to design drugs to target 

RV. However, due to the limitations of in vitro methods to study NSP4 structure (including cost 

and time), computational analysis of the protein is a viable alternative to simulate NSP4 dynamics. 

This project sought to assess the behavior of NSP4 folding and dynamics in a membrane model 

that mimics the human enterocyte ER built using CHARMM-GUI. Using the molecular dynamics 

simulation software GROMACS, the NSP4 monomer was studied in an ER-like membrane with 

Ca2+ and Cl- ions in the flanking aqueous solutions. Equilibration of the system showed folding of 

the N-terminus toward the membrane, which is consistent with prior biochemical data. Ongoing 

studies seek to determine the conformation of dimeric and tetrameric forms of NSP4 in this 

environment. 
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Modeling the Complex Surfaces of Citrate-Coated Silver 

Nanoparticles 

Zhazira Iskakova, Katherine W. Conn, Samantha Gonzales, and Clyde A. Daly Jr. 

Haverford College, Department of Chemistry 

Understanding the mechanisms by which silver nanoparticles (AgNPs) exert their antibacterial 

effects is crucial for ensuring their safe use in consumer products. While it is well known that 

silver ions are toxic to bacteria, the dissolution behavior of AgNPs and its dependence on 

environmental factors remains poorly understood. Building on previous experimental work that 

found a relationship between biomolecule concentration and AgNP dissolution rates, this study 

employs molecular dynamics simulations to investigate the surfaces of AgNPs before biological 

molecules are added. We focus on the commonly used citrate-coated AgNPs. In this study, we 

analyze the stable citrate coating in terms of the distribution of citrates across the surface. The 

spatial orientation of the citrates relative to the nanoparticle is also quantified. These 

investigations are used to determine if there are any notable trends associated with these two 

factors and build a clear picture of the citrate coating. We also performed seven hundred 2 ns 

simulations where a random surface silver atom was given a +1 charge. These simulations were 

used to study AgNP dissolution and determine whether the coating affects the dissolution 

behavior. Future work will focus on extending simulations to 100 ns and incorporating 

biomolecules to capture more complex surface interactions. 
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The Effect of Molecular Dynamics Thermostat on Simulated Ensemble Absorption Spectra:

Cresyl Violet in Methanol

Joseph Kelleher, Arthur Pyuskulyan, Christine Isborn

Department of Chemistry and Biochemistry

University of California Merced

In order to produce accurate simulations of absorption spectra for molecules in solution there is

a need for accurate sampling of chromophore-solvent configurations; these can be generated

from molecular dynamics trajectories. A key factor in controlling the sampled chromophore

solvent configurations is the temperature of the trajectory. The temperature is controlled by the

model of the thermostats. Three common varieties of thermostat are Berendsen, Langevin, and

Nose Hoover. Nose Hoover is regarded as being more accurate in the reproduction of ensemble

results, Langevin is often used where solvent interactions are of key importance, and Berendsen

is typically used for quick equilibration. In a prior study performed in the Isborn group, a

molecular dynamics trajectory using the Berendsen thermostat resulted in a simulated

absorption spectrum for the cresyl violet chromophore in a methanol solution that was too

narrow when compared to experimental results. We then hypothesized that a potential cause of

the narrow spectrum was due in part to the poor description of the chromophore’s temperature

when using the Berendsen thermostat. In this study, we tested Nose Hoover, Berendsen, and

Langevin thermostats when applied to the molecular dynamics trajectories of solvated cresyl

violet. We here analyze the chromophore temperature, dynamics of hydrogen bonds, and

simulated absorption spectrum.
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