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Exploring Cocrystals and Deep Eutectic Solvents based on halogen 
bonding for future advancements in drug development. 
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Halogen bonding is a noncovalent intermolecular interaction that occurs between an 
electrophile and a nucleophile analogous to hydrogen bonding. This is often observed in 
compounds containing heavy halogens like iodine and bromine. When the halogen 
atom is covalently bonded to another atom or molecule, preferably to an electron-
withdrawing moiety, an electrophilic region (sigma hole) is created on the halogen atom 
on the extension of the covalent bond while a nucleophilic region is created orthogonal 
to the covalent bond1. Type 2 halogen bonding in which the angle between the 
electrophile and nucleophile of neighboring molecules is 180° or almost linear, imparts 
directionality and tunability through the halogen bonding interactions. This can make 
extended networks such as chains, sheets, and 3D frameworks through self-assembly 
leading to many potential applications where structural design is important, such as in 
supramolecular chemistry, crystal engineering, and the pharmaceutical industry. The 
halogen bond donors are more hydrophobic compared to analogous hydrogen bond 
donors. Hence nearly all halogen bonded adducts are more lipophilic than analogous 
hydrogen bonded adducts. This feature of halogen bonding is used to enhance the drug 
permeability through cell membranes. In our studies, we use iodide and triiodide 
alkylammonium salts as halogen bond acceptors and iodofluorobenzenes as halogen 
bond donors to produce cocrystals via slow evaporation of the solvent at room 
temperature and pressure. The crystal structures are obtained using single-crystal 
diffraction and are useful to develop broader structural tendencies that can be applied to 
materials or pharmaceutical design. If the combination of halogen bond donors and 
acceptors does not produce a cocrystal, the potential implications are equally exciting. A 
liquid or eutectic reaction product can be characterized by thermal analysis techniques 
such as differential scanning calorimetry and thermal gravimetric analysis. Full mole 



fraction studies plotted with predicted melting temperatures reveal any deep eutectic 
compositions in these halogen-bonded systems. Deep eutectic solvents (DES) are 
considered tunable solvents and a greener alternative to ionic liquids and conventional 
solvents due to their low vapor pressure and more benign constituents. DESs based on 
hydrogen bonding are well explored in literature while those based on halogen bonding 
is scarce. The very first DES based on halogen bonding was reported by Peloquin and 
coworkers in a mixture of 0.35-0.70mol% 1,3- dithiane and 0.65-0.30mol% 1,2-diiodo-
3,4,5,6-tetrafluorobenzene with the eutectic point at 13.7°C4. DESs are involved in 
applications in metal deposition and synthesis, and an emerging area of DES study is in 
biotransformations which convert absorbed drugs into active agents or convert toxins 
into less harmful substances in the body. Traditionally biotransformation is performed in 
aqueous solvents since polar organic solvents denature enzymes. Hence, replacing 
polar solvents with DESs could allow the substrate to dissolve without denaturing the 
enzymes5. In the current study, a new class of DESs produced by triiodide 
alkylammonium salts and iodofluorobenzenes is introduced and characterized. 
 
Authors acknowledge the financial support from NSF, Division of Chemistry, award CHE-2050042 (REU Program) 
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Investigating Cocrystal and Eutectic Formation in Specific 
Compositions: An In-depth Exploration 

Maryelle Nyeck, Colin McMillen, and William Pennington 
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Metal halides, compromising chemical compounds formed by the combination with one 
or more halogen atoms like fluorine, chlorine, bromine, iodide, or astatine, typically form 
negative ions (anions) when bonding with other elements. They play a crucial role in the 
formation of both eutectics and cocrystals. In eutectic systems, halides actively 
participate in the creation of mixtures with lower melting points by disrupting the crystal 
lattice and promoting components mixing. This phenomenon allows for the formation of 
eutectic mixtures, which consist of a ratio of two or more components that melts at 
temperatures lower than any of their individual constituents. Additionally, halides can be 
integral to the formation of cocrystals, crystalline materials composed of multiple 
molecular species held together by non-covalent interactions such as hydrogen bonds, 
 p-p stacking, or halogen bonding. Within cocrystals, halides may serve as essential 
components, providing sites for halogen bonding interactions that contribute to the 
stability of the resulting crystalline structures. In both cases, the presence of halides can 
significantly influence the physical properties, stability, and behavior of the resulting 
eutectic mixtures or cocrystals. The specific interactions and properties depend on 
various factors, including the nature of the halide, its concentration, and its interactions 
with other components within the system. Organo-iodine, organic compounds 
characterized by atoms bonded to carbon atoms, often play a pivotal role in the 
formation of eutectics and cocrystals owing to iodine‚ unique properties and its 
versatility in various crystalline formations. These compounds actively participate in the 
creation of eutectic mixtures by engaging with both organic and inorganic compounds. 
Iodine is relatively large size and polarizability enable it to establish halogen bonds with 
other molecules, thereby lowering the melting point of the resulting eutectic mixture. 



Moreover, organo-iodine contribute to eutectic formation by facilitating additional 
interaction like p-p stacking or hydrogen bonding, depending on the specific molecular 
arrangement. Frequently utilized in the formation of cocrystals, organo-iodine exhibit a 
remarkable ability to form robust halogen bond donors or acceptors, interacting with 
complementary functional groups in other molecules. These interactions play a crucial 
role in stabilizing the crystal lattice of the cocrystal and shaping its structural and 
physicochemical attributes. The presence of organo-iodine in cocrystals can enhance 
solubility, bioavailability, and other desirable characteristics, making them promise for 
pharmaceutical or material science applications. Overall, organo-iodine play a 
significant role in the formation of eutectics and cocrystals by contributing to 
intermolecular interactions that stabilize the resulting crystalline structures and modulate 
their properties.The current study aims to correlate intramolecular interactions with the 
structural motifs observed in compounds and to relate these interactions to physical 
quantum properties such as melting points, which are indicative of the formation of 
eutectics or cocrystal. Additionally, we seek to determine whether certain compositions 
lead to the formation of cocrystals and/or eutectics. Our study focuses on compositions 
involving choline halides and organo-iodine compounds. We aim to investigate the 
effects of mixing these components and explore questions such as the impact varying 
the proportions of each component, including metal halide salts. We aim to understand 
whether the presence of different ratios of these components still results in the 
formation of cocrystals and/or eutectics. Furthermore, we plan to introduce iodophenol 
as an organo-iodine compound and assess its effectiveness in forming cocrystals 
and/or eutectics in comparison to other compositions. The primary questions guiding 
our research include identifying the variable that can be manipulated, exploring different 
combinations of molecules, and investigating changes in stoichiometry. 
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The first examples of S-Cl•••O halogen bonding complemented by short F•••F 
interactions between neighboring chains resulting in stabilized crystals of 
ClSO2(CF2)4SO2Cl and ClSO2(CF2)6SO2Cl were reported by us in 2018.1 Since 
then, other researchers suggested through Independent Gradient Model (IGM) studies 
of our crystallographic data that more noncovalent interactions between fluorine atoms 
on neighboring chains in addition to Cl•••Cl, Cl•••S, O•••F, and O•••S attractive 
associations can be found if one would look beyond the IUPAC’s proposed ‘less than 
the sum of the van der waals radii’ criterion, insinuating that it should not be assumed to 
apply in every situation.2 With this, we are reporting samples of the related 
BrSO2(CF2)nSO2Br derivatives (n = 4, 6, 8, and others)3 which display stronger S-
Br•••O halogen bonding interactions that are complemented slightly by O•••F as well as 
F•••F intermolecular interactions observed by X-Ray crystallography in addition to 
computational methods via IGM isosurface plots. Additional characterization 
(multinuclear NMR, FT-IR, and MS) of the disulfonyl bromide derivatives 
BrSO2(CF2)nSO2Br (n = 4, 6, 8) was also obtained in addition to preliminary 
spectroscopic evidence for BrSO2(CF2)2SO2Br and BrSO2CF2O(CF2)2OCF2SO2Br. 
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Isolation and Quantification of Human Urinary Exosomes Using a 
Tween-20 Elution Solvent from Polyester, Capillary-Channeled 

Polymer Fiber Columns 
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Extracellular vesicles (EVs), released by all cells, carry genetic materials that are crucial 
elements in several biological processes. Exosomes, a subset of EVs, range in size 
from 50 to 200 nm, are a type of membrane-secreted vesicle essential for intercellular 
communication. There is a great deal of interest in developing methods to isolate and 
quantify exosomes to study their role in intercellular processes and as potential 
therapeutic delivery systems. Most current EV isolation methods (i.e. ultracentrifugation, 
ultrafiltration etc.) suffer from practical challenges being time- and cost-intensive and 
result in EVs of low purity. Here, we present the optimization of Tween-20 to promote 
high throughput exosome elution from human urine on a cost-effective (~ $5/column) 
polyester capillary channeled polymer fiber column yielding excellent purities. A novel 
10-minute two-step gradient method, employing 0.1% v/v Tween-20, efficiently isolated 
exosomes at a concentration of ~1011 EVs mL-1 from a 100 µL urine injection. 
Integration of absorbance and multi-angle light scattering detectors in standard HPLC 
instrumentation enables a comprehensive one-injection determination of eluted 
exosome concentration and sizes. Transmission Electron Microscopy confirms the 
structural integrity of the isolated vesicles, while the micro bicinchoninic acid (micro-
BCA) protein quantification assay confirmed high-purity isolations (5x1010 EVs µg-1 
protein). The proposed method holds promise for a wide range of clinical and diagnostic 
applications, marking a significant advancement in C-CP based HIC research 
methodologies. 
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Charge carrier dynamics in single conjugated polymer chain 
Ming Lei (a), and Jason McNeill (a) 
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Conjugated polymers possess a high density of delocalized electrons and exhibit high 
absorption coefficients with electronic band gaps ranging from UV to near-infrared. 
However, the disordered or semicrystalline structure of the polymer leads to a complex 
energy landscape for charge carriers, characterized by trapping or dispersive transport. 
Therefore, a deeper understanding of the relationship between nanoscale structure and 
charge transport properties is vital for investigating and improving conjugated polymer-
based device performance. In our lab, previous studies found that the fluorescence 
centroid displacement can be used to estimate the position of a single charge carrier in 
a conjugated polymer nanoparticle. The position can be recorded over time, showing 
the trajectory of the charge carrier. Furthermore, the fluorescence spectrum of the 
region within 1-3 nm of the polaron can be obtained, yielding a detailed map of the 
energy landscape. Previously, this charge carrier tracking technique was applied to 
conjugated polymer nanoparticles containing dozens or hundreds of polymer chains. In 
this work, technique will be modified and applied to single isolated conjugated polymer 
chain of PFBT (poly[(9,9-dioctylfluorenyl-2,7-diyl)-co-(1,4-benzo-{2,1‚Ä≤,3}-thiadiazole) 
to obtain a more detailed chain segment level picture of charge transport and the 
energy landscape of conjugated polymers. 
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Toward an enantioselective preparation of diazacyclobutene (DCB) 
atropisomers and accessing rare heterocycles from vinyl sulfides 

DCBs 
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Nitrogen-containing heterocycles with different ring sizes are considered promising 
moieties in pharmaceutically active compounds. These nitrogen-containing compounds 
have significant applications in synthesis, particularly in pharmaceutical chemistry, 
chemical biology, and material science. Our group has recently developed a synthetic 
method leveraging the union of thioalkynes and triazolinediones to access 
diazacyclobutenes (DCBs) as a stable but rarely studied group of heterocycles. 
Remarkably, these diazacyclobutenes have exhibited potent antiparasitic activity 
against Trypanosoma brucei‚ the causative organism of african sleeping sickness. In our 
ongoing project, we are developing synthetic methods to expand on the molecular 
diversity of the DCB scaffold, aiming to enhance our understanding of its 
comprehensive antiparasitic capabilities. Notably, we have successfully oxidized the 
vinyl sulfide moiety of the DCB scaffold to the corresponding vinyl sulfone. This 
advancement propels our exploration towards the delivery of cuprate or other 1,4-
nucleophiles, enabling the synthesis of alkylated, saturated diazetidines. 
Simultaneously, we are developing methodologies for the hydrolysis of the vinylsulfides 
moiety of the DCB under protic or Lewis acid conditions. This endeavor is poised to 
provide access to the relatively rare aza-beta-lactam scaffold, a transformation of both 
synthetic and biological significance, given the prevalence of beta-lactam functionality in 
many potent drug molecules, such as Penicillins. Furthermore, our investigation extends 
to the conformational fluxionality of bicyclic DCBs. Our findings reveal that the scaffold 
undergoes rapid conformational interconversion at room temperature through double 
nitrogen inversion (DG = 13.4 ± 0.7 kcal/mol). Building upon this knowledge, we are 
actively engaged in the development of an enantioselective synthesis of DCB 



atropisomers. This involves screening various H-bond and Bronsted acid chiral catalysts 
to facilitate the reaction. Our current innovative techniques aim not only to expand the 
molecular complexity and diversity of DCBs but also to deepen our exploration of their 
holistic antiparasitic activity against the Trypanosoma brucei parasite. Through these 
endeavors, we hope to contribute to the advancement of both synthetic methodologies 
and our understanding of the biological potential of these intriguing nitrogen-containing 
heterocycles. 
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Diverse Reactivity of Lignin Model Compounds with Elemental Sulfur: 

Mechanistic Insights and Sustainable Polymer Development 
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This century has seen rapid growth in efforts to utilize plant-based materials to replace 
petroleum-based precursors towards minimizing environmental impact. Lignin is the 
most underutilized component of biomass waste and the primary aromatic biopolymer 
found in high abundance, and will play a key role in replacing petrochemical aromatics. 
Given the molecular complexity and low solubility of lignin, the study of model 
compounds holds promise for understanding reactivity patterns in lignin and thus 
advancing lignin valorization. Sulfur is another vastly underutilized waste product, 
derived from fossil fuel refining processes. Surprisingly, the fundamental reactivity of 
lignin model compounds with elemental sulfur is largely unknown. In this work, nine 
lignin model compounds were reacted with elemental sulfur to elucidate the S‚ÄìC bond-
forming reactions these model compounds undergo. Each of the nine model 
compounds was reacted with elemental sulfur in three sulfur: organic reactant ratios 
(2:1, 4:1 and 9:1) and at two temperatures (180 oC or 230 oC). Product mixtures were 
characterized using 1H NMR spectrometry and GC-MS analysis. Several distinct 
mechanisms were observed for the reactivity between lignin models and elemental 
sulfur, including inverse vulcanization, S‚ÄìC(allylic/benzylic) bond formation, S‚ÄìC(aryl) 
bond formation, intramolecular cyclization, self-condensation, C‚ÄìC Sigma-bond 
scission, and C‚ÄìO Sigma-bond scission steps. Building on these initial studies, the 
evaluation of thermo-morphological and mechanical properties of polymers made from 
lignin model compounds and sulfur was undertaken to gain insight into potential 
applications and structure-property relationships. Polymers were initially characterized 
by elemental analysis, Fourier-transform infrared spectroscopy, and scanning electron 
microscopy with energy dispersive X-ray analysis (SEM/EDX). Thermal properties were 
assessed by thermogravimetric analysis (TGA) and differential scanning calorimetry 
(DSC). The compressive, flexural, and tensile strength of materials were also analyzed 
and found to be competitive with traditional mineral building products. 
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Saturation-Transfer Difference NMR Studies on the Influence of Salt 
on Binding between Nanoplastic and Amino Acids 
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Nuclear Magnetic Resonance (NMR) spectroscopy is a versatile analytical technique for 
studying the structure and dynamics of molecules. Solution-state NMR covers a range 
of techniques that offer important insights into the structure and behavior of molecules 
in solution. One method for investigating molecules bound to nanoparticles is the 
Saturation-Transfer Difference (STD) experiment. This approach yields important 
insights into both the binding epitope and the affinity of the ligand toward the receptor. In 
STD NMR, specific irradiation of the protons in the receptor results in transferring 
saturation to the ligands via intermolecular dipolar coupling. The difference in NMR 
signal strength between experiments in which the receptor resonances are saturated or 
unsaturated discloses which protons of the small molecule are situated close to the 
surface of the receptor. We studied the ability of several plastic nanoparticles to bind 
different amino acids and their modes of interaction, and investigated how salt 
influences the binding. These results can aid in developing a better understanding of the 
fate and impacts of plastic nanoparticles in natural waterways and their possible health 
impacts. 
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Investigating the structure-activity relationship of Oxadiazon 
derivatives against the Toxoplasma gondii infections in human 

Rajib Islam1,3, Samuel Kwain1,3, Vikky FNU2,3, Md Al Amin1,3, Zhicheng Dou2,3, and 
Daniel C. Whitehead1,3* 

1. Department of Chemistry, Clemson University, Clemson, SC 29634 
 2. Department of Biological Sciences, Clemson University, Clemson, SC 29634 

 3. Eukaryotic Pathogens Innovation Center, Clemson University, Clemson, SC 29634 
 

 
 

Toxoplasmosis, a parasitic infectious disease caused by Toxoplasma gondii which 
belongs to the Apicomplexa phylum, has adverse effects like brain, eyes, and other 
organ damage on the vast majority of the human population. Drugs currently being used 
to treat toxoplasmosis are not fully compatible with the diseases having severe side 
effects. Our previous protoporphyrinogen oxidase (PPO) enzyme study showed that a 
type of herbicidal synthetic compound belonging to oxadiazon groups is capable of 
inhibiting plant T. gondii that generally propagates through heme and chlorophyll 
biosynthetic pathway. Using the oxadiargyl and oxadiazon compounds as the potential 
lead, we synthesized a new library of 38 compounds by structural modification. Some 
compounds showed better inhibition activity against T. gondii PPO with IC50 values less 
than 2.5 ŒºM. Further structural analysis will lead us to synthesize more active 
compounds and eventually help to develop more compounds with improved inhibition 
activity against T. gondii infections. 
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Separation of New Psychoactive Substances and Xylazine Metabolite 
Isomers using SLIM High-Resolution Ion Mobility-Mass Spectrometry 

(HRIM-MS) 
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New psychoactive substances (NPS) such as synthetic cannabinoids (SC) are often 
laced with xylazine, a common and potent veterinary sedative. This adulteration 
increases potency thereby altering brain chemistry, causing hallucinations, euphoria, 
and potentially death. NPS and xylazine undergo metabolic transformations yielding 
complex and active metabolic isomeric mixtures. Traditional analytical methods face 
challenges in resolving these isomers, hindering accurate pharmacokinetic studies, and 
therefore it is critical to develop techniques for accurate identification. This study 
leverages Structures for Lossless Ion Manipulations (SLIM), a high-resolution ion 
mobility (HRIM) technique that enables improved separation of metabolite isomers. This 
innovative approach holds promise for advancing pharmacological studies, facilitating 
the identification and quantification of NPS and xylazine metabolites, and enhancing the 
understanding of their metabolic pathways. 
 
Sample mixtures were prepared (1 µg/mL) and then derivatized using dansyl chloride to 
target hydroxyl and amine groups in different positions. The mixtures were analyzed by 
direct injection using an Agilent 1290 Infinity II UHPLC coupled to MOBILion Systems 
MOBIE HRIM SLIM and Agilent 6546 QTOF. The SLIM has a 13 m pathlength IM 
region containing nitrogen or helium buffer gas maintained at ~25 °C and 2.5 Torr. SLIM 
TW frequency/amplitude were optimized for isomer separations and sensitivity. 
Additionally, all samples were analyzed using an Agilent 6560 IM-QTOF, specifically for 
acquiring accurate reference CCS values. All data were subjected to PNNL Pre-
Processor frame compression, and analysis was performed with Agilent MassHunter 
IM-MS Browser 10.0. 
 
 



The collision cross sections (CCS) of all NPS compounds were measured in the range 
of 154.4 to 206.3 Å² for both protonated [M+H]+ and sodiated [M+Na]+ ions. Notably, a 
baseline separation was achieved for isomeric synthetic cannabinoid (SC) metabolites, 
including JWH-250 5-hydroxyindole (203.7 ± 0.1 Å²), JWH 250 N-(4-hydroxypentyl) 
(184.3 ± 0.1 Å²), and JWH 250 N-(5-hydroxypentyl) (183.8 ± 0.1 Å²), all observed as 
sodiated species at m/z 374.173. However, only partial separation was observed for 
JWH-018 4-hydroxyindole (206.4 ± 0.1 Å²), JWH-018 N-(5-hydroxypentyl) (193.9 ± 0.1 
Å²), and JWH-018 6-hydroxyindole (206.3 ± 0.1 Å²) as sodiated species at m/z 380.163. 
In contrast, complete overlap was observed for 3-hydroxy xylazine (154.4 ± 0.1 Å²) and 
4-hydroxy xylazine (154.4 ± 0.1 Å²), both as protonated species at m/z 237.105. These 
isomers differ only in the position of a hydroxyl group. 
 
In an effort to improve IM separation, a derivatization reaction using dansyl chloride was 
employed to selectively target phenolic alcohols present in several of the metabolites. 
This led to a major product ion at m/z 591.233 for the JWH-018 metabolites and mono- 
and di-sulphonate esters with m/z 470.156 and 703.207, respectively, for the xylazine 
metabolites. Baseline separation of isomers with a peak-to-peak resolution of Rpp > 1.5 
was achieved for both isomeric groups. However, the formation of a di-sulphonate ester 
with m/z 703.207, resulting from the reaction of xylazine metabolites with dansyl 
chloride, introduced plane chirality, leading to the formation of atropisomers exhibiting a 
unique structural characteristic. 
 
The novel aspect of this research shows the first demonstration of SLIM-based 
separation of synthetic cannabinoids and xylazine metabolites using dansyl chloride 
derivatization. 
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Hip replacement surgeries improve patient mobility and quality of life, however, infection 
is still a devastating complication in about 0.5-2% of cases. Sensors are needed to 
detect infection early to avoid the need for revision surgery and to monitor infection 
during antibiotic treatment to ensure eradication after either irrigation & debridement or 
replacement with temporary antibiotic-impregnated spacers. Synovial infection markers, 
such as glucose, pH, lactate concentrations, C-reactive protein, alpha defensin, etc. 
may be helpful in defecting early infections. Studies show that synovial joint fluid pH 
decreases from pH 7.5 to around 6.7 during infection. However, joint aspiration is 
required to carry out synovial fluid for infection analysis, which is painful and needs to 
be performed by a radiologist. A synovial fluid pH sensor based on a pH-responsive poly 
(acrylic acid) hydrogel was developed, which can be attached to prosthetic hips. The 
sensor would enable non-invasive early detection and monitoring of hip infections using 
plain radiography, which is already routinely acquired during patient follow-up visits. 
  
 The pH-responsive poly (acrylic acid-co-octyl acrylate) hydrogel was prepared by UV 
light-initiated free radical polymerization of acrylic acid and n-octyl acrylate. The 
hydrogel contracts at low pH, moving a radio-dense tantalum bead relative to a fixed pH 
7.0 reference marker as evident in the radiograph. The calibration curve shows a 
sigmoidal tantalum bead position vs. pH, with a dynamic range of pH 4-7 and pK<sub>a 
</sub>of 5.23. The sensor responds well in the physiological pH 6.5 and 7.5 range, with 
excellent reversibility and a 30-minute response time. The inter-observer reliability 
shows that measured pH values fit well with the actual pH values, the average inter-



observer precision is 0.03 pH unit, and the accuracy is 0.08 pH unit. A similar sensor 
worked in a live rat peritoneal dialysis model. To further measure in vivo infection-
relevant acidosis of synovial fluid, the sensor design was miniaturized for subsequent 
sheep study and optimized for more reproducible manufacture and integration into a 
canine hip prosthesis. The improved hydrogel sensor has a 3D-printed biocompatible 
sensor holder and extra screws to fix the hydrogel position and prevent potential 
displacement over time. While autoclaving the sensor once did shift the calibration, 
subsequent autoclaving steps showed no further effects. 
  
 Preliminary sheep carcass study results show the feasibility of measuring local pH in 
synovial fluid at hip implants, and the sensor enables non-invasive early detection and 
monitoring of hip infection using plain radiography. <em>In vivo</em> sheep studies are 
planned in the near future. 
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Interfacial Diffusion in Associative Polymers: MD Simulation Study 
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Polymer dynamic behavior at interfaces often defines the stability and control function of 
macromolecules in a broad range of applications. The interfacial behavior polymers that 
consist of highly interacting groups, such as ionizable segments, differ significantly from 
that of van-der Waals polymers, where tethering a few associating groups to a polymer 
backbone significantly affects the polymer mobility due to the formation of ionic clusters. 
Using molecular dynamics (MD) simulations, this study explores the interfacial 
dynamics at the associative/non-associative polymers interface using a bead-spring 
model starting with a length of 20 beads per chain with interacting beads of varying 
interactions 1 to 10 kBT typical to the van der Waals interactions and hydrogen bonds. 
We find that the interfacial structure of the interacting polymers changes as the 
interaction strength of the associating groups is varied and affects the interdiffusion 
across the interface. With increasing interaction strength, clusters grow in bulk, acting 
as physical crosslinkers, diminishing chain mobility in bulk and across the interfaces. 
The diffusion across the structured interface and degree of interpenetration as a 
function of interaction strength, chain length and polymer topology will be discussed. 
 
 



Poster #39 
 

Queering the CH 1010 General Chemistry Syllabus 
Ruben Sousa (a), and Matthew Voigt (a) 
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In this work, we present a theoretically-driven revamped syllabus for CH1010 General 
Chemistry at Clemson University. Different components were added and changed, such 
as inclusive wording, community expectations and instructor introductions, and the 
rationale and description for the changes is also included. Resources such as textbooks 
and syllabi are generally not written in inclusive language, in big part due to 
unconscious systemic bias in language and disciplinary norms. These resources are 
usually the first interaction a student has to a particular field, and it makes a difference 
whether they‚Äôre approached with gender-inclusive vs gender-exclusive language. 
Including something as simple as pronouns in your introduction can be the difference 
between having a student showing up for their first class excited rather than scared, 
which can be the key factor for retention of underrepresented and sexually-marginalized 
students in STEM. Teaching a first-year General Chemistry class in a research-intensive 
school means that instructors are likely to share the same coordinated syllabus, and 
there might not be a lot of leverage for changes. By aligning Queer Theory and syllabi 
design, we allow General Chemistry to challenge systemic issues of inequity and 
connect each student to the class, regardless of their social identities, while 
simultaneously improving the classroom environment for every student. Future work will 
involve getting resources like the Office for Teaching Effectiveness and Innovation, the 
Department of Undergraduate Studies and the Division of Inclusion and Equity included 
in the conversation when developing syllabi and setting the tone for inclusivity in first-
year classes at Clemson. 
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p63, a member of the p53 family of transcription factors, plays vital roles in various 
cellular processes such as epithelial cell development, cell cycle regulation, apoptosis, 
and tumorigenesis. The p63 DNA binding domain (p63DBD) is pivotal for its interaction 
with specific DNA sequences and subsequent gene expression regulation. Point 
mutations occurring in this domain can significantly impact the protein's functionality. In 
this computational study, we investigated the structural implications of several p63DBD 
mutations (S272N, R279C/H/Q, R304P/Q/W, C308Y H208Y, C269Y, and C273Y) 
identified in patients with conditions such as ectodermal dysplasia, split hand/foot 
malformation, and orofacial clefts. We developed a model of the wild-type (WT) and 
mutant forms of the protein using molecular modeling and molecular dynamics 
simulation techniques. The analysis conducted through molecular dynamics (MD) and 
molecular mechanics/Poisson‚ÄìBoltzmann surface area (MM-PBSA) calculations 
suggest that these mutations in p63DBD may exhibit dual effects - directly impacting 
DNA binding and inducing instability in the protein structure. Both of these 
consequences could contribute to developing genetic syndromes involving 
malformations and potentially influence other cellular processes regulated by p63. 
Understanding the structural and functional implications of these mutations is crucial for 
unraveling the molecular mechanisms underlying these syndromes and for the 
development of potential therapeutic interventions 
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Chiral amines are important motifs that are present in many bioactive molecules, natural 
products, and pharmaceuticals. Therefore, there has been a continuous demand for 
more efficient enantioselective methods to synthesize chiral amines. The Strecker 
reaction is one of the well-established ways for the enantioselective synthesis of chiral 
amines, which involves carbonyl, an amine, and cyanide starting materials. However, 
the carbonyl starting materials are often unstable which limits the utility of this reaction. 
On the other hand, the corresponding carboxylic acids are desirable candidates to use 
since they are bench stable, non-toxic, inexpensive, and abundant building blocks. 
Despite these advantages, there are only a few examples of the reductive Strecker 
reaction using carboxylic acids and there are no known enantioselective variants. 
 Additionally, current examples of the reductive Strecker reaction often use precious 
metal catalysts such as iridium, which can be expensive and impact scalability. To 
address these challenges, we describe our efforts in the Kim Group employing a first-
row transition metal, specifically titanium, as a catalyst, which is inexpensive, non-toxic 
and offers diverse reactivities. Our method uses a single titanium catalyst to take 
various carboxylic acids to enantio-enriched amine products in one-pot without the need 
for multiple catalysts or intermediate purification making this method more efficient. Our 
current focus is to demonstrate a gram scale synthesis of the method and expand the 
multi-catalytic strategy to the catalytic decomposition of plastic wastes. 
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Nitrogen-containing heterocyclic compounds have shown significant utility in synthesis, 
particularly in pharmaceutical chemistry, chemical biology, and materials science. 
Despite the advancement in this area, methods targeting the synthesis of densely 
substituted diazahetrocycles, specifically 3-1,2-diazetine (diazacyclobutene) are 
significantly limited and remain the subject of active research. In recent times, our group 
has successfully developed an efficient strategy to access the infrequent densely 
substituted diazacyclobutene motif. This approach involves a formal [2 + 2] 
cycloaddition between electron-rich alkynes (thioalkynes and ynamides) and 
nitrogenous electrophiles such as azodicarboxylates and triazolinediones. This 
innovation not only provides easy access to the motif but also highlights the notable 
antiparasitic activity exhibited by the resulting diazacyclobutenes against Trypanosoma 
brucei ‚Äì the causative organism of human sleeping sickness. In our current study, we 
have developed an improved method to access rare electron-rich alkynyl ethers, and 
subsequently, harnessed their reactivity with nitrogenous electrophiles through Lewis 
acid-catalyzed cyclization to access the diazacyclobutene motif. Detailed DFT 
calculations were employed to understand the differences in chemical reactivity 
between the electron-rich alkynes (thioalkynes, ynamides, and alkynyl ether) and the 
nitrogenous electrophiles in accessing the motif. Additionally, we have also developed a 
unique strategy that proceeds through a cascade reaction between ene-yne sulfides 
and azodicarboxylate, leading to the formation of alpha-iminothioimidate bearing an 
alpha-beta unsaturated imine. This intermediate readily undergoes intramolecular 1,4-
cyclization, resulting in the formation of highly functionalized tetrahydroindoles. 
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The human gastrointestinal (GI) microbiota is the residence of millions of microbes that 
profoundly influence the host development and health. Among the resident microbes in 
the gut ecosystem, Bacteroidetes is the dominant phylum, with Bacteroides as the well-
studied genus. Bacteroides spp. including B. fragilis (Bf) and B. thetaiotaomicron (Bt) 
exacerbate several chronic gut-associated diseases including ulcerative colitis, 
inflammatory bowel disease, celiac disease, and colorectal cancer. In addition, several 
studies have also found an increase in the population of some Bacteroides spp. in 
patients genetically at-risk for Type I diabetes mellitus (T1D) and in patients exhibiting 
clinical T1D. Interestingly the members of the Bacteroides genus possess a unique 
Starch Utilization System (Sus) used to metabolize complex starch molecules in the 
human GI microbiota as their main source of energy. Our lab previously reported that 
inhibition of the Sus of the members of the Bacteroides genus offers a potential 
druggable target to develop an effective therapy to selectively moderate the growth of 
these organisms in the human GI microbiota. In the present study, we targeted SusG, 
an Œ±-amylase, which is a principal component of the Bt Sus as a module receptor in a 
structure-based drug design to uncover small molecules (SK1-SK8) with potent 
selective inhibition against members of the Bacteroides genus. This was achieved 
through molecular modelling strategy using density functional theory (DFT), molecular 
docking, and molecular dynamics (MD) simulation to design the small molecule 
competitive inhibitors against the SusG protein. To confirm the inhibitory potency of the 
compounds we performed in vitro bioassay studies of the compounds against Bt 



cultured in minimal media containing glucose, potato starch or pullulan as the main 
carbon source. The results revealed that the compounds are non-microbicidal and 
selectively inhibit the Bt Sus. The preliminary results from this work suggest that our 
molecular modelling strategy could be used to develop an effective therapy to 
selectively moderate the members of the Bacteroides genus in the human GI 
microbiota. This presentation will describe the molecular modelling strategy, synthesis 
and biological evaluation of SK1‚àíSK8 as potential inhibitors of Bt Sus. 
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The interactions of polyelectrolytes with water are multifaceted, where this highly polar 
solvent preferentially resides in the vicinity of the ionic domains and concurrently 
collapses the hydrophobic polymer backbone, forming inhomogeneous dynamic 
systems. Their response to shear is at the core of their function and is of particular 
significance to novel recycling and upcycling strategies for waterborne plastic waste. A 
molecular-level insight into distinct dynamics of ionic assemblies and hydrophobic 
domains of polyelectrolytes in water is attained by fully atomistic molecular dynamics 
simulations using a model ionizable polymer, sulfonated polystyrene, PSS (molecular 
weight ~ 15 kg/mol), 37 chains at sulfonation fractions f= 0.55 and 1.00, neutralized with 
Na+ counter ions in Tip4p-fb water model. The systems phase segregates at f= 0.55, 
and increasing f forms co-continuous hydrophilic and hydrophobic domains. As a 
function of increasing shear time, the system displays an initial elastic response 
followed by shear rate-dependent and ionic fraction-dependent stress overshoot and, 
eventually, a steady state. At high shear rates, ionic assemblies break and rearrange, 
and coiled polymer chains fully open up. Chain orientation effects dominate the shear 
response of polyelectrolyte aqueous solutions. 
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Electrically conductive Metal-organic frameworks (MOFs) have become one of the most 
promising electronic materials due to their diverse potential applications in 
supercapacitors, chemiresistive sensing, electrocatalysis, light-harvesting systems, etc. 
However, constructing highly electrically conductive MOFs requires a profound 
understanding of their structure-property relationships. Electrical conductivity is a 
product of two parameters: charge carrier concentration and charge mobility. While 
redox-active ligands, metal ions, and/or guest molecules supply charge carriers, charge 
mobility depends on the efficacy of charge transport pathways, which can be classified 
into the following categories: (1) through-bond: via metal-ligand covalent coordination 
bonds and conjugated π-bonds; (2) through-space: π-stacked ligands and redox 
hopping; (3) guest molecules-promoted pathway. Herein, we present three recent works 
based on through-bond charge transport pathway strategy, through-space charge 
transport pathway strategy, and dual through-bond and through-space charge transport 
pathway strategy. Firstly, we have constructed a new intrinsically conducting 3D 
framework [Ag2(HATHCN)(CF3SO3)2]n by employing a highly π-acidic HATHCN 
ligand, which assumed a paramagnetic HATHCN•− radical anion character by acquiring 
electron density from the TfO− anions involved in the anion-π interaction and facilitated 
charge movement along the staircase-like [-Ag+-HATHCN-]∞ chains. As a result, the 
MOF displayed a narrow band gap (1.35 eV) and promising electrical conductivity (7.3 × 
10−4 S/cm). Through-space pathway strategy: we have constructed four novel alkali-
metal-based (Na, K, Rb, and Cs) 3D-MOFs with continuous π-stacks using an electron-
rich TTFTC ligand. Due to the different extent of π-π interactions and aerobically 



oxidized TTFTC•+ population, these MOFs enjoyed varying degrees of 
TTFTC/TTFTC•+ intervalence charge transfer (IVCT) interactions, which 
commensurately affected their electronic and optical band gaps and electrical 
conductivity. Having the shortest dπ–π (3.39 Å) and the largest initial TTFTC•+ 
population (~23%), the oxidized Na-MOF 1-ox displayed the narrowest band gap (1.33 
eV) and the highest room temperature electrical conductivity (3.6 x 10–5 S/cm), 
whereas owing to its longest dπ–π (3.68 Å) and a negligible TTFTC•+ population, 
neutral Cs-MOF 4 exhibited the widest band gap (2.15 eV) and the lowest electrical 
conductivity (1.8 x 10–7 S/cm). The freshly prepared but not optimally oxidized K-MOF 
2 and Rb-MOF 3 initially displayed intermediate band gaps and conductivity, however, 
upon prolonged aerobic oxidation, which raised the TTFTC•+ population to saturation 
levels (~25 and 10 %, respectively), the resulting 2-ox and 3-ox displayed much 
narrower band gaps (~1.35 eV) and higher electrical conductivity (6.6 x 10-5 and 4.7 x 
10–5 S/cm, respectively). Dual through-bond and through-space charge transport 
pathways strategy: we have constructed via an elegant bottom-up method the first π-
intercalated GMOF (iGMOF1) featuring built-in alternate π-donor/acceptor (π-D/A) 
stacks of CuII-coordinated electron-rich HATP ligands and non-coordinatively 
intercalated π-acidic HCTP molecules, which facilitated out-of-plane charge transport 
while the hexagonal Cu3(HATP)2 scaffold maintained in-plane conduction. As a result, 
iGMOF1 attained a higher bulk electrical conductivity and much smaller activation 
energy than Cu3(HATP)2 (σ=25 vs. 2 S/m, Ea=36 vs. 65 meV), demonstrating that 
simultaneous in-plane (through-bond) and out-of-plane (through πD/A stacks) charge 
transport can generate higher electrical conductivity in novel iGMOFs. 
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Nanostructured dielectric electrodes (NSDE) have been fabricated capable of producing 
a nonuniform electric field. The field gradient was characterized and the field intensity 
was estimated using electrostatic force microscopy (EFM). NSDE will be used to direct 
the dielectrophoretic assembly of nanoparticles into nanoclusters at the NSDE surface 
in future experiments. 
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Commercially available polycaprolactone-based thermoplastic polyurethane (TPU) 
elastomer and non-homogenous elastomer products were chosen for cryogrinding and 
analysis. For this presentation, each product variant is generically named, the TPUs 
referred to individually  as “TPU1,” “TPU2,” etc. The three non-homogenous TPUs being 
“NTPU1,” “NTPU2,” and “NTPU3.”  The original form of all variants are in the form of 
colorless elliptical, cylindrical, or miscellaneous shaped pellets of average 4.8 mm in 
length and 3.2 mm in width. The goals include obtaining a product to a maximum size of 
<63 μm (longest diameter) with narrow distribution through cryogrinding, minimal 
molecular weight (MW) reduction, minimal metal contamination, and acquiring data on 
potential thermal and compositional properties changes due to the process of grinding. 
With this, we are reporting the methods and results of cryogrinding, particle size 
analysis via scanning electron microscopy (SEM), energy dispersive x-ray spectroscopy 
(EDS), thermal gravimetric analysis (TGA), and differential scanning calorimetry (DSC). 
Our industrial sponsor obtained results for particle size distribution via MasterSizer (light 
scattering), MW distribution via gel permeation chromatography (GPC) and trace metal 
analysis via inductively coupled plasma mass spectrometry (ICP-MS). 
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Understanding how cell growth in the bone scaffolds impact oxygen concentrations is 
essential for developing effective bone replacement scaffolds. X-ray radiography 
provides high-contrast images in deep tissues but lacks chemical sensitivity while 
fluorescence oxygen sensing is limited by light scattering in tissue. Nonetheless, X-ray 
excited luminescent chemical imaging (XELCI) enables biochemical sensing such as pH 
with local specificity and submillimeter resolution through tissue. Therefore, we 
developed an X-ray luminescent oxygen sensor to integrate it to a 3D printed bone 
scaffold for monitoring oxygen concentrations using our XELCI scanner. Previously, our 
collaborators from Finland demonstrated imaging changes in oxygen concentration 
within the bone scaffold during the oxygen perfusion using an oxygen sensitive dye with 
LED excitation. In our work, we fabricated sensor film consisting of both a scintillator to 
generate light locally and an oxygen sensitive dye that absorbs the radioluminescence 
to produce oxygen-dependent phosphorescence. X-ray excited spectra of our sensor 
showed ~8 times increase in an intensity at under deoxygenation. 
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Metal-organic frameworks (MOFs) are a class of porous compounds that use the 
concept of reticular chemistry. Owing to their diverse potentials to help advance modern 
electronics and energy technologies, electrically conducting MOFs have emerged as 
one of the most coveted functional materials within the past decade. However, it’s quite 
challenging to design and synthesize intrinsically conducting MOFs in a predictable 
manner because insulating metal-cluster nodes made of ionic coordination bonds and 
large spatial separation between the ligands hinder through-bond and through-space 
charge movement. An effective strategy to address these challenges is to exploit MOF’s 
porosity to introduce appropriate guest molecules, such as conductive polymers (CP) 
and metal nanoparticles (MNP), to facilitate long-range charge movement and thereby 
boost their electrical conductivity. Herein, we report three electrically conducting 
MOF/CP and MOF/CP/MNP composites which utilized this strategy and displayed 
higher conductivities. 
 
First, we have converted a structurally robust and porous but intrinsically insulating Zn-
dpzNDI MOF based on an electron deficient dipyrazolate-naphthalenediimide (dpzNDI) 
ligand into electrically conducting MOF⸧conducting-polymer (MOF⸧CP) composites 
via oxidative polymerization of preloaded redox-active 3,4-ethylenedioxythiophene 
(EDOT) and pyrrole (Py) monomers to corresponding PEDOT and PPy polymers. After 
monomer loading and in-situ polymerization, the resulting MOF⸧CP composites 
remained crystalline and displayed significantly higher electrical conductivity (Zn-



dpzNDI⸧PEDOT: 1.8×10-5S/m; Zn-dpzNDI ⸧PPy: 2.5×10-3S/m), whereas the pristine 
MOF had immeasurably low conductivity (σ < 10-12S/m).1 
 
Second, a highly porous but intrinsically insulating NU-1000 MOF was converted into 
semiconducting NU-1000/gold nanoparticle (AuNP) and NU-1000/polydopamine/AuNP 
composites via MOF- and polymer-induced reduction of infiltrated Au3+ ions into 
metallic AuNPs. The NU-1000/AuNP and NU-1000/PDA/AuNP composites not only 
gained significant room temperature electrical conductivity (~10-7S/cm), but also 
retained sizable porosity and surface areas (1527 and 715 m2/g, respectively).2 
 
Third, we demonstrate for the first time that the in-situ oxidative polymerization of 
preloaded EDOT monomers into the PEDOT polymer inside the hexagonal cavities of 
an intrinsically insulating MOF-74 analogue, which easily collapses and become 
amorphous upon drying. The resulting PEDOT@Ni2(NDISA) composites displayed 
improved structural stability, crystallinity, porosity, and electrical conductivity (~10-4 
S/cm) compared to the pristine Ni-MOF-74 ((~10-10 S/cm).3 
 
In conclusion, our works presents an effective new strategy to boost the electrical 
conductivity of intrinsically insulating MOFs by introducing small amount of conducting 
polymers which provide charge carriers and charge transport pathways. 
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Exosomes, a small subset of extracellular vesicles ranging in size from 30-150 nm, are 
of biomedical interest both for diagnostic testing and therapeutics. These vesicles are 
excreted from all cell types and thus are found in numerous biofluids such as urine, 
blood, saliva, etc. More importantly, the vesicles contain important biomarkers that 
reflect the characteristics of their host cells. Before they can be used in medical 
applications, exosomes need to be isolated from the biofluid. However, due to the small 
size of exosomes, isolation is a challenge and can involve very long separation times 
(ultracentrifugation) or impure eluates (size exclusion chromatography, polymer-based 
precipitation). Herein, a hydrophobic interaction chromatography (HIC) based 
separation was paired with a nylon-6 capillary-channeled polymer (C-CP) column to 
separate exosomes from human urine. Due to the highly hydrophobic nature of 
exosomes, HIC can successfully separate exosomes from less hydrophobic biofluid 
matrix contaminants (salts, sugars, proteins). A step gradient approach was used, 
where a high ionic strength loading condition increases binding affinity for hydrophobic 
species; subsequent steps remove salt and apply organic modifier, allowing separation 
of proteins from exosomes. Previous studies by Marcus and colleagues have used a 
polyester (PET) based C-CP column for exosome separations. However, nylon-6 shows 
potential for increased isolation efficiency, including greater column loading capacity and 
a decreased concentration of organic modifier for exosome elution. Another advantage 
over previous PET columns is that ion exchange modalities can be more easily applied 
to nylon-6 columns due to intrinsic amine and carboxyl groups in the fiber makeup. The 
efficacy of this approach has been supported by Bradford assays, transmission electron 
microscopy (TEM), and flow cytometry. Bradford assays confirmed that protein 
concentrations in the exosome eluate have been significantly reduced (~4-fold). TEM 
was used to confirm that isolated vesicles were of the correct morphology. The 
NanoFCM Flow Nanoanalyzer was used to measure the number density, distribution of 
vesicles in the eluate, and provided immunoconfirmation using FITC-labeled CD81 
antibodies. Overall, this approach utilized a low-cost (~$5) and time-efficient (~15 min) 
C-CP fiber-based column to yield urinary exosomes of high purity required for 
downstream techniques, including diagnostic testing and therapeutics. 
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Lateral flow assays (LFAs) are simple point-of-care devices which can be exposed to a 
bodily fluid and rapidly generate a line if analyte is present. They are widely used in 
pregnancy tests and to detect infectious diseases; they are also used to detect C-
reactive Protein which is a synovial fluid biomarker for prosthetic joint infection. 
Implanting a lateral flow assay (or smaller version) in a tissue of interest (e.g., joint to 
detect infection, or tumor to study progression) has not previously been tried likely 
because one would need to start the assay on command, and more importantly would 
need to read a small optically absorbing line through tissue. We address the first 
concern by sealing the LFA with wax, which only opens when activated with ultrasound. 
We address the second problem using X-ray Excited Luminescence chemical imaging 
(XELCI), which is a non-invasive technique and provides high spatial resolution images 
through thick tissue. We used a polycapillary lens to focus the x-ray source and let the 
beam penetrates the tissue without much scattering, then it will irradiate to the 
scintillator layer which is composed of scintillator particles. This scintillator layer could 
be excited by the x-ray and emit luminescence that could be absorbed by the LFAs in 
different intensity. After the dilutions of the C-reactive protein and use LFA test kits to run 
different concentrations, the intensity of test lines could be obtained. The different 
intensity of the test lines will affect the how much light will be absorbed by the test lines. 
Then, the light will be collected by an in-house machined acrylic light guide and directed 
to a splitter which will transmit the light to two photomultiplier tubes (PMTs) that one will 
pass 620nm light and the other pass 700nm light. Finally, each PMT connects with a 
Data Acquisition (DAQ) board and a program called LabVIEW will record PMT counts 
and display an image on the computer screen during acquisition. We also use the 
XELCI to image the different intensity of the LFAs with 6 mm pork tissue. According to 
the obtained raw data from XELCI, the images could be analyzed by MATLAB and find 
the intensity of test line and control line. 
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We are developing a rapid test for detecting gonorrhea bacteria in patients' urine 
samples. Neisseria gonorrhea is a human pathogen that is the second most common 
sexually transmitted infection in the US. According to WHO estimates, there are 
approximately 87 million new infections yearly. Unfortunately, the infections are 
sometimes asymptomatic and can spread very fast. This infection is a leading cause of 
pelvic inflammatory disease and infertility. The current method for detecting Neisseria 
gonorrhea bacteria in urine samples is to apply nucleic acid amplification tests (NAAT), 
which are unsuitable for point-of-care testing. Cell culturing tests are time-consuming. In 
this research, we aimed to develop a rapid and sensitive test for detecting Neisseria 
gonorrhea bacteria. 
 
Our technique includes utilizing 15-um microbubbles and magnetic beads with specific 
antibodies targeting the outer membrane protein of bacteria. Microbubbles and 
magnetic beads will form a complex with bacteria; this complex is visible to the camera 
in the setup. Microbubbles offer a higher capture rate quickly because of their large 
surface area. Their buoyancy enhances their mobility so that they can capture the 
analyte quickly. With these characteristics, microbubbles improve mass transfer in the 
test liquid sample. The fast capture rate and simple, portable test setup make it suitable 
for point-of-care applications. 
 
This assay demonstrated high sensitivity in a shorter time than other existing 
techniques. This technique provides fast and efficient gonorrhea screening in different 
healthcare settings, even with minimum equipment, helping to prevent the spread of 
Neisseria gonorrhea infections. 
 




