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Poster 1 

Use of Ruthenium Pincer Catalysts to Upgrade Ethanol to Higher Alcohols via the Guerbet Reaction 
 

Anna Li Aguirre 

University of Michigan 

Adviser: Nate Szymczak 

Hydrogen transfer catalysis is a powerful strategy to transform biorenewable feedstocks into fuels, 

chemicals, and other materials. The design principles that guide the development of novel catalysts for 

the upgrading of biomass-relevant alcohols are underexplored the Guerbet reaction allows for the 

synthesis of higher alcohols from ethanol. The lab has previously used a simple ruthenium NNN-pincer 

catalyst (Ru(bpi)(PPh3)2Cl) to achieve higher yields of 1-butanol from ethanol. This work seeks to extend 

our understanding of Ruthenium-catalyzed alcohol upgrading and to improve both yield and selectivity 

via rationally designed ligand synthesis and metalation. To combat possible deactivation pathways a 

hinder dimerization and a ligand with a tethered substituent to limit dissociation/decarbonylation were 

synthesized. To probe whether the proton transfer or the Î²-H elimination step is rate determining, a 

ligand that creates a metal complex with a lower hydricity value than Ru (bpi)(PPh3)2Cl was prepared. A 

series of novel ruthenium pincer catalysts were prepared and their reactivity for alcohol upgrading was 

assessed. 

  



Poster 2 

Catalytic Regioselective Synthesis of N, S-Containing Heterocycles from Chemical Feedstocks 
 

Nur-E Alom and Wei Li 

The University of Toledo 

Adviser: Wei Li 

 

The N, S-containing heterocycles are the ubiquitous structural motifs in pharmaceuticals, agrochemicals 

and bioactive natural products. To gain access to those heterocycles, alkene sulfenoamination has been 

considered as a powerful and elegant strategy. Herein, the synthesis of N, S-containing heterocycles such 

as 1,4-benzothiazine via coupling of alkene with thioamine, is presented. The reaction goes through the 

in-situ generation of sulfur electrophile by halogenation of N, S-containing nucleophiles. The nucleophilic 

attack of alkene on sulfur electrophile leads to formation of thiiranium ion intermediate and then final 

cyclization occurs with nucleophilic attack of tethered nucleophilic nitrogen atom on thiiranium ion 

intermediate or open carbocation. The method exhibits good functional group tolerance and a broad 

range of substrate scope in highly regio- and stereoselective manner.   

  



Poster 3 

Tetraphenylphosphonium lead-Free Halide Perovskites Synthesis and Crystal Structures 
 

Saja Althobaiti, Jashaun D Bottoms, and Ekkehard Sinn 

Western Michigan University 

Adviser: Ekkehard Sinn 

 

Hybrid perovskite materials are unique in that they incorporate both organic and inorganic components 

in a single crystal lattice and exhibit the combined properties of individual components and new features 

that are not possible with either component alone.  The inorganic components offer useful optoelectronic 

and magnetic properties, substantial mechanical hardness and heat resistance, while the organic cations 

improve structural durability and flexibility. However, toxicity and chemical instability issues of halide 

perovskites based on organicâˆ’inorganic lead-containing materials still remain as the main disadvantages 

of perovskite materials. In this project, we grow tetraphenylphosphonium (TPP)-based transition metals 

(e.g., Cd+2, Zn+2, and Cu+2) halide crystals. Reacting tetraphenylphosphonium bromide (TPPB) with 

ZnCl2, (TPP) [ZnCl3(C3H7NO)] results in one [TPP]+ cation and one [ZnCl3(DMF)] anion (DMF is 

dimethylformamide). In the anion, the zinc atom is tetrahedrally coordinated by a DMF ligand via the O 

atom and by three terminal Cl atoms. However, a different structure forms using TPPB with CdCl2, in 

which The CdX4 ions have mixture of Cl and Br in a disordered state. As a result of the larger TPP cation, 

the TPP cation was found to break the -Cu-Cu-Cu-Cu- infinite chain and form dimers in which the smaller 

Cl atoms are bridging in the middle and the Br atoms are occupying the outer position. The crystals were 

characterized by X-ray crystallography. 

  



Poster 4 

Polypyridine based Iron(II), Cobalt(II), and Ruthenium(II) Metallosurfactants for Studies in Electron 
Transport 

 

Samudra Amunugama and Claudio Verani 

Wayne State University 

Adviser: Claudio Verani 

Molecular electronics is the concept of using molecules as the major building blocks of electronic devices. 

The Verani group is mainly focused on understanding electron transfer in complexes that can act as 

molecular rectifiers which allows directional electron mobility. Our approach is to use the Langmuir-

Blodgett technique to deposit well-ordered monolayers of metallosurfactants on solid substrates and to 

study their molecular electronic properties. We hypothesize that molecular rectification will be attained 

in asymmetric metal complexes with ligands having alternating donor/acceptor (push/pull) properties. In 

a molecular rectifier, the Fermi energy level of the electrode should have comparable energy with the 

frontier MOs of the metallosurfactants under an applied bias potential. This research project involves 

synthesis of symmetric and asymmetric terpyridine based Ruthenium(II), Cobalt(II) and Iron(II) metal 

complexes. Cyclic voltammetry results indicate that these complexes show metal oxidation at ca. 0.8 V vs 

ferrocene for symmetric Iron(II) and Ruthenium(II) species and ligand reduction peaks at -1.6 V. The 

difference between oxidation and reduction potentials suggest that these can act as molecular rectifiers 

in junctions involving |MII-terpy0|and |MIII-terpy-1| states. The Cobalt(II) complex shows two peaks at -

0.1 V and -1.2 V vs ferrocene which are attributed to Co(III)/Co(II) process and ligand reduction 

respectively. Preliminary current-Voltage studies of this symmetric [Co(terpy)2](PF6)2 shows a sigmoidal 

curve rather than the expected asymmetric response implying that it can act as a molecular wire. Current-

voltage studies of other complexes are currently underway. 

  



Poster 5 

Aerobic Catalytic Features in Photoredox- and Copper-Catalyzed Iodolactonization Reactions 
 

Jeewani P. Ariyarathna, Fan Wu, and Wei Li 

The University of Toledo 

Adviser: Wei Li 

Aerobic copper catalysis and photoredox catalysis are evaluated using iodolactonization as a model 

reaction. Mechanistic evaluations revealed distinct catalytic behaviors in both catalytic systems. Copper 

catalysis requires an equivalent of base to form copper carboxylate, whereas addition of a proton source 

was essential in photoredox catalysis. UV-Vis studies shows that the active halogen species in the reaction 

is triiodide anion in both catalytic protocols. Moreover, iodolactone product was extensively derivatized 

to a number of functionalized lactones. 

  



Poster 6 

Synthesis and Study of EuII-Contanining Cryptates 
 

Matthew D. Bailey and Matthew J. Allen 

Wayne State University 

Adviser: Matthew Allen 

Derivatives of 222-cryptands have been synthesized and studied for their spectrochemical and magnetic 

properties. Derivatives of 222-cryptand containing all nitrogen donor atoms were metalated with divalent 

europium salts and the resulting complexes were studied for their spectrochemical properties in solution. 

A divalent europium complex of a 222-cryptand derivative containing six secondary amines in the place 

of the ethereal 222-cryptand donor atoms was evaluated as a visible-light-promoted photoredox catalyst. 

Homocouplings and functional group reductions of alkyl and aryl chlorides were performed using this 

catalyst. Dimeric ethereal cryptands based on the 222B-cryptand moiety were synthesized and evaluated 

as magnetic resonance imaging contrast agents. Two coupling strategies for the synthesis of dimeric 

cryptands were evaluated: a linker unit of tetrahydroxybenzene and a linker unit involving thiourea 

functionalities and a five-membered alkyl chain. Complexes of dimeric cryptates with divalent europium 

yielded more efficient contrast agents in T1-weighted magnetic resonance imaging when compared to 

the monomeric complex of divalent europium with 222B-cryptand. 

  



Poster 7 

Unusual magnetism in 5d1 double perovskite systems 
 

Victor P. Barbosa, Phuong Tran, and Patrick M. Woodward 

The Ohio State University 

Adviser: Patrick Woodward 

Double perovskite oxides containing 5d transition metals have attracted a lot of interest due to the 

discovery of exotic magnetic properties such as spin glasses, spin liquids Weyl semimetals and multipolar 

order. Materials with 5d1 electron configuration are particularly interesting since their magnetism is not 

driven solely by their average crystal structure. Most cubic at room temperature 5d1 double perovskites 

oxides, such as Ba2NaOsO6, Ba2MgReO6, and Ba2ZnReO6 are ferromagnetic. Surprisingly, isostructural 

and isoelectronic Ba2LiOsO6 is antiferromagnetic. Current theoretical and experimental works suggest 

that quadrupolar order or orbital order stabilizes a canted ferromagnetic ground state. In this work, we 

used a crystallographic approach to analyze the trends in magnetism observed in the Ba2LixNa1-xOsO6 

solid-solutions. 

  



Poster 8 

Synthesis of phosphinoamide supported early-late Nb/M and Ti/Cu heterobimetallic complexes 
 

Brett A Barden, Gursu Culcu, Jeremy P. Krogman, and Christine M. Thomas 

The Ohio State University 

Adviser: Christine Thomas 

In an effort to probe metal-metal interactions and their effects on redox potentials of heterobimetallic 

complexes, a series of Nb/M- (M=Fe, Co, Ni, Cu) and Nb-oxo/M- tris(phosphinoamide) complexes were 

synthesized and characterized. It was found that the redox potential of both metals was shifted anodically 

with the presence of a second metal, regardless of any metal-metal interaction.  Expanding upon the 

recent synthesis and reactivity of the Zr/Co- and Ti/Co bis(phosphinoamide) heterobimetallic complexes, 

a Ti/Cu bis(phosphinoamide) complex is being explored.  The Ti-Cu distance is the shortest reported in a 

heterobimetallic complex to date.  Preliminary reactivity of the Ti/Cu heterobimetallic complex has shown 

unusual stability in the presence of O2, even with relatively coordinatively unsaturated metal centers. 

  



Poster 9 

Understanding the effect of ligand environment on the tunability of europium(II)-containing visible-
light photocatalysts 

 

Ramiro Barraza and Matthew Allen 

Wayne State University 

Adviser: Matthew Allen 

Photoredox catalysis is a growing field in which photoactivated precatalysts initiate reactions. Light-

mediated conditions enable access to reactions that would be otherwise available under harsher 

conditions, and the use of visible light minimizes the occurrence of unwanted side reactions potentially 

caused by higher energy UV light. Our laboratory recently reported a europium(II)-containing cryptate 

that absorbs blue light and promotes photoredox activity in the excited state. The bathochromic shift, 

relative to other Eu(II)-containing complexes, was found to be a result of coordinating amines that are 

stronger-field donors than the ethers of other cryptates. We hypothesized that the cryptand framework 

is not necessary for catalysis. To understand how the structure of amine-containing ligands affect the 

photoredox properties of Eu(II)-containing complexes, we studied the effect of various primary-, 

secondary-, and tertiary-amine-containing ligands on the photoredox properties of Eu(II). Here, we 

present our results that describe the necessary features of ligands to promote catalysis using divalent 

europium. This study has implications in the rational ligand design of Eu(II)-containing visible-light-

promoted photoredox catalysts. 

  



Poster 10 

Copper Catalysts for the Electrochemical Reduction of Nitrite to Nitric Oxide 
 

Allison E. Batka, Andrew P. Hunt, Hai T. Dong, Mark E. Meyerhoff, and Nicolai Lehnert 

University of Michigan 

Adviser: Nicolai Lehnert 

Though once known chiefly for its toxicity, nitric oxide (NO) is synthesized in the human body to prevent 

platelet aggregation and bacterial growth. These benefits make NO an ideal candidate for certain 

biomedical applications like the intravascular catheter, as blood clotting and bacterial infections are 

current complications with its use. The production of NO in such applications can be modulated 

electrochemically with a catalyst that reduces nitrite to NO. A series of six copper BMPA- and BEPA-

carboxylate catalysts have been synthesized to find more efficient and selective catalysts for nitrite 

reduction. The copper complexes were characterized by EPR and UV-vis spectroscopy as well as cyclic 

voltammetry, and then tested for their ability to produce NO by bulk electrolysis using a Nitric Oxide 

Analyzer. All six complexes have been prepared, and results on their electrocatalytic performance for 

nitrite reduction are presented. A new series of ligands with second-coordination sphere hydrogen-bond 

donor groups is currently being investigated. With the catalysts containing hydrogen-bond donors, we 

hope to see that the proton-dependent reduction of nitrite to NO occurs more efficiently. 

  



Poster 11 

Evaluating the intrinsic electrocatalytic activity of Ni2-xRhxP nanoparticles for hydrogen evolution 
reaction 

 

Tharanga N. Batugedara and Stephanie L. Brock 

Wayne State University 

Adviser: Stephanie Brock 

Hydrogen is an abundant energy carrier and electrolysis of water is a clean and renewable pathway of 

hydrogen production. Recently transition metal phosphides have gained attention as they show promising 

water splitting catalytic properties. Previous studies have shown that nickel phosphides exhibit high 

hydrogen evolution (HER) activities relative to other metal phosphides (Fe2P, MoP, WP etc.). Also, noble 

metal phosphides such as rhodium, palladium, ruthenium and platinum phosphides show high activity 

toward this catalytic process. However the expense of noble metals precludes their large-scale adoption. 

Our group has recently shown that incorporation of noble metals in base-metal phosphides was found to 

augment performances over either end-member. Also they had long term stability as another beneficial 

factor. Importantly, we have seen that the noble metal reactivity can be achieved with these materials in 

base-metal formulations with low concentration of the noble metal on water splitting electrocatalysis. On 

the other hand, to find a reasonable catalyst, an evaluation of intrinsic electrocatalytic activity for a 

particular catalyst is a prerequisite. This intrinsic activity is highly dependent on the catalytically active 

surface area. There is little literature discussing the intrinsic electrocatalytic activities of transition metal 

phosphides. In this study we synthesized different compositions of Ni2-xRhxP using arrested precipitation 

techniques and analyzed the activity related to the electrochemically active surface area (ECSA) of 

different compositions of this novel electrocatalytic material on HER.   

  



 

Poster 12 

Catalytic Alkyne Dimerization and Alkene Isomerization by a Tris(phosphinoamide) Ligated 
Heterobimetallic Zr/Co Complex 

 

Jeffrey W Beattie, Canning Wang, Jeremy Krogman, and Christine M. Thomas 

The Ohio State University 

Adviser: Christine Thomas 

There is a great interest in C-H bond activation and functionalization as they can provide a synthetic route 

to commodity chemicals from petroleum feedstocks. The incorporation of base metal catalysts that 

perform these functionalizations at lower temperatures and with high activity can bypass the need for 

precious metals, resulting in decided environmental and economic benefits. Towards this goal presented 

here is the synthesis of a Zr/Co heterobimetallic complex featuring a tris(phosphinoamide) ligand system 

is presented here. This heterobimetallic system links a Lewis acidic early metal with an electron rich late 

metal allowing for reduction at the late metal at more mild potentials. This heterobimetallic complex can 

bind and activate substrates with weak C-H bonds. This complex catalytically transforms 1-alkenes to 2-

alkenes with a variety of substrates. This transformation has the potential to provide a synthetic route to 

many commodity chemicals used in pharmaceuticals and fragrances. Furthermore, the bimetallic complex 

is shown to catalytically couple of alkynes. This C-C bond formation reaction provides a route to valuable 

synthetic intermediates for a variety of transformations. 

  



Poster 13 

Cs2CO3-Mediated Anomeric O-Alkylation : Stereoselective Synthesis of D-Mannosamines and 
Synthesis of Representative Bacterial Capsular Polysaccharides 

 

Bishwa Raj Bhetuwal,  Fenglang Wu, Shuai Meng,  and Jianglong Zhu 

The University of Toledo 

Adviser: Jianglong Zhu 

2-Amino-2-deoxy-D-mannosides, i.e., D-mannosamines, are found extensively in the capsular 

polysaccharides (CPS) of various harmful bacteria strains. As a class of 1,2-cis-glycosidic linkages, D-

mannosamines are difficult to construct by chemical synthesis due to the steric effect and the absence of 

anomeric effect. Although a number of strategies have been reported, there is lack of a direct and an 

efficient approach for the synthesis of 2-amino-2-deoxy-D-mannosides. Recently, our lab developed a 

direct and efficient method for the stereoselective synthesis of D-mannopyranosides via Cs2CO3-mediated 

anomeric O-alkylation. Based on this result, we used similar strategy to develop a feasible approach for 

stereoselective synthesis of 2-amino-2-deoxy-D-mannosides using cesium carbonate-mediated anomeric 

O-alkylation chemistry. In addition, application of this method for stereoselective syntheses of 

representative bacterial polysaccharides containing D-mannosamines will be discussed. 

 

This work was supported by National Institutes of Health Common Fund Glycosciences Program 

(1U01GM125289) and The University of Toledo. 

  



Poster 14 

C–H Activation-Initiated Cascade Reactions Enabled by the Use of CO2 as a Transient Directing Group 
 

Pratibha Chand-Thakuri, Vinod G. Landge, Mohit Kapoor, and Michael C. Young 

The University of Toledo 

Adviser: Michael Young 

Amines are an important class of compound; however, their use as substrates in C–H activation has been 

limited by the need to convert them into a better directing group. Our group has pioneered an approach 

using carbon dioxide as an inexpensive, catalytic, and transient directing group to allow the Câ€’H 

arylation of various amine substrates. Recently this methodology has been used to demonstrate a 

straightforward access to the synthesis of seven membered lactams via directed Câ€’H activation of 

primary benzylamines followed by in situ lactamization. 

  



Poster 15 

Photo-assisted, iron hydride C-H bond activation 
 

Joel D. Collett and Hairong Guan 

University of Cincinnati 

Adviser: Hairong Guan 

Here is presented a readily synthesized, PNP-ligated, iron hydride complex. We have demonstrated the 

ability of this molecule to activate the C-H bonds in benzene via a photo-assisted mechanism using UV 

light. This complex has robust thermal stability, and persists in the presence of both acids and bases. Such 

a system has the potential to have direct application in a number of C-H bond activation reactions. 

Research is currently being conducted on the potential catalytic utility of this system. 

  



Poster 16 

Screening of ligands for redox-active europium using magnetic resonance imaging 
 

Brooke Corbin and Matthew Allen 

Wayne State University 

Adviser: Matthew Allen 

In pursuit of monitoring hypoxia, contrast-enhanced magnetic resonance imaging (MRI) is one technique 

that has been pursued. Contrast agents based on europium are of interest for the study of hypoxia 

because europium(II) induces contrast enhancement in oxygen-deprived tissue and ceases to enhance 

contrast in the presence of oxygen upon oxidation to the +3 oxidation state. To aid in the search for ligands 

that bind europium in both the +2 and +3 oxidation states for potential use in redox-responsive MRI, we 

report a new screening procedure to simultaneously assess the coordination of a series of ligands using 

T1-weighted MRI and polyetherimide multiwell plates. For detection of ligand coordination to T1-

shortening europium(II), binding in our screening procedure is signaled by a bright T1-weighted image 

due to the presence of europium(II) and, therefore, coordinated europium(II) in a sample.  For detection 

of ligand coordination to non-T1-shortening europium(III), T1-shortening gadolinium(III) is used as a 

surrogate to predict europium(III) coordination. The screening procedure was tested using a set of eight 

ligands with known coordination to europium(II) and europium(III) in two different reaction conditions. 

Metal content was determined using energy-dispersive X-ray fluorescence. Current studies involve using 

the screening procedure to determine europium coordination to a wide variety of commercially available 

ligands and synthesized cryptands. We expect that this screen will be a powerful technique in the pursuit 

of redox-responsive Eu-based contrast agents because it opens the door to testing large arrays of new 

ligands. 

  



Poster 17 

Method Development for the Synthesis of “On Demand” Asymmetric Molecular Rectifiers 
 

Abigail Cousino and Claudio Verani 

Wayne State University 

Adviser: Claudio Verani 

The concept of molecular rectifiers refers to the diode-like property of directional electron conductance. 

In electrical circuitry, rectifiers are solid state materials that function to allow electrons to flow from point 

A to point B while preventing reversibility, allowing the conversion of an alternating current (AC) into a 

direct current (DC) which is required for any computational process. Molecular rectifiers were first studied 

by Aviram & Ratner who proposed an idealized [D-Ïƒ-A] rectifier, with the electron donor (D) and acceptor 

(A) moieties placed between two electrodes (M1 and M2).1 Our group has successfully developed two 

molecular rectifiers based on asymmetric five-coordinate iron(III) trisphenolate and bisphenolate 

complexes.2,3 With an increasing demand to find alternative sources for device fabrication, we aim to 

establish a synthetic methodology to generate "on demand" ionic metallosurfactants via counterion 

exchange and to develop a Langmuir-Blodgett (LB) film methodology with counterion metathesis. We 

hypothesize that cationic headgroups will accommodate a charged anionic surfactant via counterion 

exchange forming a new complex/counterion adduct that can be deposited as a LB film allowing for device 

fabrication, and enabling rectification. We have synthesized and characterized novel iron(III) and 

cobalt(III) [NNâ€™O] cationic complex headgroups, coordinated with a heptadecanoate anion. The 

compounds are having their redox, amphiphilic properties evaluated and will be tested for rectification in 

the near future.  

 

1. A. Aviram, M. Ratner, Chem. Phys. Lett. 1974, 29, 277-283. 

2.Wickramasinghe, L. D.; Perera, M. M.; Li, L.; Mao, G.; Zhou, Z.; Verani, C. N. Angew. Chem. Int. Ed. 2013, 

52, 13346. 

3.Wickramasinghe, L. D.; Mazumder, S.; Gonawala, S,; Perera, M. M.; Baydoun, H.; Thapa, B.; Li, L.; Xie, L.; 

Mao, G.; Zhou, Z.; Schlegel, B. H.; Verani, C. N. Angew. Chem. Int. Ed. 2014, 53, 14462-14467. 

  



Poster 18 

Electrocatalysis for Hydrogen Evolution Reactions (HER) and Oxygen Reduction Reactions (ORR) 
 

Bryce Currey, Zachery Tracy, and Fan Zuo 

Indiana State University 

Adviser: Fan Zuo 

Electrochemistry has been a well-developed branch of science since the 1800’s. Being that it is simply the 

study of electron transfers, nearly all chemists will come across it in redox reactions. This field has been 

revived by cutting-edge testing equipment and emerging demand in alternative renewable energy 

sources. With this revival, we approach our research with our state-of-the-art potentiostat and paired 

rotating electrode setup. With this setup we can run a multitude of voltammetry measurements along 

with durability tests for hydrogen evolution reaction catalysts. It should be noted however, our work is 

simply a foundational stepping stone for our future work on things such as discovery new catalytic 

compounds, and in-depth kinetics studies. 

  



Poster 19 

Real-time Viscosity Monitoring in Adhesives using Luminescent Coordination Complexes as Molecular 
Sensors 

 

Ankit Dara, Derek M. Mast, Anton Razgoniaev, Felix N. Castellano, and Alexis D. Ostrowski 

Bowling Green State University 

Adviser: Alexis Ostrowski 

Optical probes such as [Cu(I)(dmp)2] (dmp = 2,9-dimethyl-1,10-phenanthroline) have been utilized by our 

group in the past for sensing the viscosity of polymers. The lifetime of excited state was shown to be 

increasing as the viscosity of the environment was increased. This was attributed to a known Jahn-Teller 

distortion in the [Cu(I)(dmp)2] geometry from tetrahedral in the ground state to square planar in the 

excited state. However, monitoring the viscosity of polymers in real-time remains a challenge. This is 

critical when applied to confined environments where traditional rheological measurements are hard to 

apply. To tackle this issue, we have utilized [Cu(I)(diptmp)2] (diptmp = 2,9-diisopropyl-2,4,7,8-

tetramethyl-1,10-phenanthroline) as an optical probe for  real time sensing of viscosity in various 

adhesives during curing process via changes in luminescence. The emission lifetime of the triplet metal to 

ligand charge transfer (3MLCT) state of [Cu(I)(diptmp)2] in epoxy glue increased exponentially over time 

and was found to be correlated to the complex viscosity trend obtained from oscillatory rheology. 

Monitoring emission lifetime unlike absorption lifetime in our previous study allows us to measure even 

polymers which are opaque as [Cu(I)(diptmp)2] in Gorilla Glue showed the same correlation. We have also 

compared these lifetime changes to [Ru(II)(bpy)3] (bpy = bipyridine) to determine the mechanism of the 

chromophore lifetime changes (ridgidochromism vs. changes in rotation). The [Ru(II)(bpy)3] 3MLCT 

lifetime stayed constant for epoxy and gorilla glue (emission peak at 580 nm) but there was one adhesive 

liquid fusion where it increased over time with curing (emission peak at 605 nm) similar to [Cu(I)(diptmp)2] 

in liquid fusion. This challenges the attribution of lifetime increment correlation to viscosity can only be 

due to the mechanism of restricted Jahn-Teller distortion (rotation) since the Ru3+ excited state shows 

no rotational distortion. 

  



Poster 20 

Liposomal Formulations of a Cholesterol-Tethered Pt(IV) Prodrug with Prolonged Circulation Time in 
Blood and Reduced Toxicity In vivo 

 

Payel Datta 

Kent State University 

Adviser: Yaorong Zheng 

Platinum based drugs play a crucial role as anticancer agents which are currently being used in clinic. 

Efficacy of this anticancer drugs are restricted by several side effects and drug resistance. Different drug 

targeting and delivery strategies have been applied to overcome these drawbacks over years. One of them 

is utilizing EPR (Enhanced Permeability and Retention) effect for targeting tumor cells including 

nanoparticles, liposome, macromolecules, micelles etc. Current work describes a strategy for loading the 

liposomal formulation with newly designed Platinum (IV) pro-drug and studies related to its therapeutic 

efficacy. The formulation being efficient in cytotoxicity against various cell line was tested for its stability 

through human plasma, toxicity in-vivo, preferred accumulation in tumor cells at a higher ratio compared 

to cisplatin and finally activation to cisplatin initiating DNA damage and apoptosis in cancer cells. 

  



Poster 21 

Synthesis of New Materials For Safer Li-ion Batteries 
 

Emalyn Delgado Rosario, Michael F. Rectenwald, Andrew R. Shaffer, and John D. Protasiewicz 

Case Western Reserve University 

Adviser: John Protasiewicz 

Lithium-ion batteries (LIBs) are the top choice for a rechargeable battery in electronic devices requiring 

high energy density.  The use of LIBs in these devices has raised concerns regarding safety issues that have 

arisen and are currently studied to try and mitigate them.  These safety issues revolve on the flammability 

of the organic solvents used in lithium-ion batteries and the high energy density that they require.  Due 

to these safety issues many reports on incidents involving Li-ion battery related fires are widely known.  

To address these safety issues, a strategically designed lithium borate salt containing flame retardant ions 

(FRIONS) has been prepared and characterized.  This lithium salt is low in molecular weight, displays high 

air and water stability and exhibits high decomposition temperatures. All of which are desirable properties 

for possible application in lithium ion batteries. 

  



Poster 22 

Metal-Organic Frameworks for Absorption of PFOA in Drinking Water 
 

Jared Doremus, Allison M. Rabon, and Michael C. Young 

The University of Toledo 

Adviser: Michael Young 

Perfluorinated chemicals (PFCs) are organo-fluorine compounds that, in most instances, only contain 

carbon-fluorine bonds and carbon-carbon bonds. Perfluorooctanoic acid (PFOA) is an example and is one 

of the most common PFCs. PFCs are commonly used in everyday applications such as cookware and fire-

fighting foam. PFCs incorporated in materials we use daily can enter drinking water through industrial 

release or discharges from sewage treatment plants. These compounds are correlated with an array of 

inimical health effects when ingested. In fact, PFCs are linked to increased serum cholesterol, liver 

enzymes, and uric acid levels contributing to higher chances of kidney and testicular cancer. These recent 

findings have created a push for new technology that can cost-effectively remove these PFCs from water. 

Metal-organic frameworks (MOFs) are a recent group of crystalline, porous coordination materials built 

from inorganic metal nodes and organic linkers. They are recognized for their large surface area and 

tunable pore sizes which can lead to their applications as highly selective and high-affinity adsorbents.  

Post synthetic modification (PSM) of amine-functionalized MOFs has become a common route for the 

installation of surface sites with updated chemical properties and abilities. Thus, we have synthesized Zr 

and Hf UiO-66-F4 and post-synthetically modified UiO-66-NH2 using two different acid anhydrides that 

prove to be water stable. These PSM frameworks have been tested for their ability to absorb and remove 

PFOA from water for improved water treatment methods. 

  



Poster 23 

Investigating the substitution of coumarins onto phosphazene-based drug delivery systems 
 

Dominique N. Drake, Evan G. Thomae, and Nicholas A. Johnson 

Ashland University 

Adviser: Nicholas Johnson 

In recent years, there have been many developments and improvements to new pharmaceuticals, which 

has garnered much interest and despite these advances, one issue remains in drug delivery. Many efficient 

pharmaceuticals are lipophilic; however, in order to effectively move throughout the body, they need to 

be hydrophilic. One way to increase the hydrophilicity of these drugs is to attach them to a cyclic 

chlorophosphazene system ([PClâ‚‚N]m). Chlorophosphazenes are used as a drug delivery system for 

many reasons, one being the ease of substitution of the chlorine atoms attached to the ring structure, as 

well as the large variety of substituents that can be used.  We have synthesized a hydrophilic 

phosphazene-based system by substituting three equivalents of tetraethyleneglycol monomethyl ether 

(TEGME) onto the phosphazene trimer ring. This system has three remaining sites to be substituted with 

other moieties such as active pharmaceuticals, targeting agents, and imaging agents. We are currently 

investigating the efficiency of coumarins as a fluorescent imaging agent on the previously synthesized 

phosphazene system. Coumarins have been widely used in the fields of chemistry, biology, and medicine 

and contain unique photophysical properties including high quantum yield as well as high stability and 

biological compatibility.  Preliminary results have shown that several coumarins can be substituted onto 

the phosphazene ring system. Results from these studies have been characterized via fluorescent 

spectroscopy as well as multinuclear NMR studies. 
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Reversible Photoreduction in Vanadium(V)-tartrate tetramers 
 

Kalani D Edirisinghe, Mayokun Joshua Ayodele, Sima Saeedi, Alexander M Brugh, Malcolm D.E. Forbes, 

Travis White, and Alexis D Ostrowski 

Bowling Green State University 

Adviser: Alexis Ostrowski 

Metal-coordination has been used in biology to introduce new properties and reactivity to a variety of 

systems. To model and investigate the photochemistry in these systems, we used simple hydroxy acids 

with functional groups similar to the polysaccharides, and the most significant photochemistry was 

observed with tartaric acid. Crystal structure confirms that Vanadate (VO2+) ions coordinate with tartrate 

ligand to form the Na4 [V4O8 (tart)2] tetramer at pH 6.5. Upon photolysis at 365 nm, 25 mW LED light in 

a buffered media, the yellow/orange solution turned purple through a green intermediate, releasing CO2. 

Crystal structure confirms that the purple complex is V(IV) dl tartrate dimer, known as Na4 [(VO)2 (tart)2]. 

The green intermediate is thought to be a mixed valent species of V (IV) and (V). Upon oxidation in the 

air, the purple solution turns yellow, reversing the photoreaction. Thus, we report a reversible 

photoreduction of vanadium (V) in aqueous media, associated with the oxidation of the ligand. Moreover, 

Vanadium (V) tartrate was incorporated into polysaccharide hydrogels and the same photochemistry was 

observed. Thus, we are now exploring how this new photoreaction of V(V)-tartrate tetramers can be used 

to engineer photo- responsive hydrogels and films. 
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Synthesis and reactivity of multinuclear copper hydrides supported by bis(phosphino)amine ligands 
 

Dewmi A. Ekanayake, Arundhoti Chakraborty, Jeanette A. Krause, and Hairong Guan 

University of Cincinnati 

Adviser: Hairong Guan 

Copper hydride complexes have gained attention due to the unique multinuclear structure, high 

selectivity and mildness in reducing organic molecules. In this study, several copper hydride complexes 

supported by bis(phosphino)amine ligands have been isolated and characterized. The synthesis of these 

complexes involve hydrogenolysis of copper tert-butoxide species. In the 1H NMR spectra of the copper 

hydride complexes, the assignment of the hydride resonances was confirmed by comparing the 1H NMR 

spectra of the related copper deuteride complexes. The X-ray crystal structures of the copper hydrides 

show a hexanuclear species (HN(CH2CH2PiPr2)2)3Cu6H6 for the isopropyl derivative and a tetranuclear 

species (HN(CH2CH2PCy2)2)2Cu4H4 for the cyclohexyl analog. However, in solution the tetranuclear 

copper hydride slowly isomerizes to a hexanuclear copper hydride (HN(CH2CH2PCy2)2)3Cu6H6. 1H and 

31P {1H} NMR spectra of the tert-butyl derivative  indicate that it has a tetranuclear core.  An NMR study 

reveals that the isopropyl system also involves tetranuclear-to-hexanuclear isomerization but at a much 

faster rate. Reactivity of these copper hydrides were also studied. Reduction of carbon dioxide has been 

carried out with the copper hydride complexes. The resulting copper formate complexes have been 

isolated and characterized. Catalytic hydrogenation of aldehydes and ketones have been accomplished in 

good yields with the isopropyl derivative. The mechanistic studies of the catalytic hydrogenation reactions 

suggest aldehydes or ketones initially insert to the copper hydride and then undergo hydrogenolysis to 

generate the alcohol instead of going through co-operative elimination. 
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Dirhodium(II,II) 2,7-Dipyridin-2-yl[1,8]naphthyridine complexes as photosensitizers for solar fuel 

production 

Matthew T. Fortunato and Claudia Turro  

The Ohio State University 

Adviser: Claudia Turro 

A recent push for renewable energy has brought a resurgent interest in solar fuels. Solar fuels like H2, 

CO2, and formaldehyde can be produced utilizing a photosensitizer and a catalyst. Previous work in our 

group has shown promising results from dirhodium(II,II) complexes containing napthyridine-type ligands 

as photosensitizers. The use of the ligand 2,7-dipyridin-2-yl[1,8]naphthyridine (BPNP) allows for 

coordination to the axial sites of the dirhodium(II,II) complex, blocking the catalytic activity of the metal 

center. Coordination of the following series: pyridazine, cinnoline and benzo[c]cinnoline should reduce 

the metal-metal bond length, lowering the MLCT state and allowing for longer excited state lifetimes. This 

series will also shine light on the mechanism in which related dirhodium(II,II) complexes have been shown 

to act as single molecule photocatalysts for H2 production. 
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A Rhenium-Based Isostere of an Amino Acid 
 

Sanjay Gaire, Briana Schrage, and Chris Ziegler 

University of Akron 

Adviser: Chris Ziegler 

A bidentate ligand containing a carboxylic acid group and an anime group can form an amino acid mimic 

when bound to a metal center. When this ligand is attached to the Re(CO)3X unit, the molecule attains a 

chiral center at the rhenium atom. The halogen atom can be replaced by a desired side chain group. This 

molecule can thus be considered as an isostere of an amino acid. This amino acid analog can be resolved 

into pure enantiomers and utilized further to make peptides by solid phase peptide synthesis.  The current 

ligand system, 5'-amino-[2,2'-bipyridine]-5-carboxylic acid, has been synthesized and reacted with 

Re(CO)5X  (X = Cl and Br). The Re complexes were successfully synthesized and fully characterized.   
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A Protocol for the Ortho-Deuteration of Acidic Aromatic Compounds in D2O Catalyzed by Cationic RhIII 
 

Alyssa L. Garreau, Hanyang Zhou, and Michael C. Young 

The University of Toledo 

Adviser: Michael Young 

Current methods to exchange a hydrogen for a deuterium atom (H/D exchange) ortho to a carboxylic acid 

group of benzoic acid, require high catalyst loadings and additives to work. We have developed a method 

that uses D2O as both as the solvent and deuterium source, while most current methods use D2 gas as 

the deuterium source. We have also been able to accomplish H/D exchange using low catalytic amounts 

of cationic RhIII and with addition of only sodium acetate as a base (except in the few cases where the 

substrate is insoluble in D2O and a co-solvent is necessary for H/D exchange to occur). We have been able 

to demonstrate the effectiveness of our developed method on a variety of carboxylic acid substrates. 
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Characterization of the Assembly of a Heterobimetallic Mn/Fe Oxidase, R2lox, using Resonance 
Raman Spectroscopy 

 

Chandradeep Ghosh and Hannah Shafaat 

The Ohio State University 

Adviser: Hannah Shafaat 

The R2lox proteins are homologous to the ubiquitous non-heme bimetallic carboxylate enzymes, such as 

the bacterial multicomponent monooxygenases and class I ribonucleotide reductases, but instead 

spontaneously assemble a heterobimetallic Mn/Fe cofactor instead of a canonical diiron active site. Prior 

time-resolved optical and EPR studies on the assembly of the Mn/Fe cofactor have revealed that the 

oxygen-mediated reconstitution of the protein proceeds through at least two distinct intermediates. 

Based on analogy with the diiron systems, one of them was tentatively assigned as a MnIII(µ-peroxo)FeIII 

species, which then undergoes O-O bond cleavage to form a high-valent bis(µ-oxo) intermediate. 

Ultimately, the resting state of the protein features a MnIII(µ-hydroxo)FeIII active site and a tyrosine-

valine crosslink within the protein. Upon irradiation, the reconstituted product undergoes efficient 

photoinduced decarboxylation (Ï† = 3%) of a coordinating glutamate residue, leading to a tyrosine-bound 

Fe center. In this study, we have used multiwavelength, time-resolved resonance Raman spectroscopy 

coupled to a rapid-mixing flow cell to characterize any intermediates and resultant product formed during 

the aerobic reconstitution of R2lox with MnII and FeII. Formation and disappearance of new bands in the 

time resolved difference spectra indicates the formation of the aforementioned intermediates, whereas 

frequency shifts upon solvent isotope exchange indicate the formation of a protonated, hydrogen-bonded 

product. 
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TBA 
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Broadband White Emission in Cs2AgBixInxCl6 Phosphors 
 

Matthew Gray, Jackson Majher, Amanda Strom, and Patrick Woodward 

The Ohio State University 

Adviser: Patrick Woodward 

The photoluminescent properties of the lead-free double perovskite solid solution Cs2AgIn1â€“xBixCl6 

have been investigated. The In3+ end-member, Cs2AgInCl6, is a direct gap semiconductor that absorbs 

UV light (Î» < 350 nm) and shows little to no photoluminescence. Incorporation of Bi3+ leads to a strong 

sub-band gap absorption that peaks in the near UV (~360 nm) and extends into the visible. This absorption, 

which is thought to originate from localized 6s2 â†’ 6s1p1 transitions on Bi3+ ions, is split by a 

Jahnâ€“Teller distortion of the excited state. In-rich samples show strong photoluminescence that is 

attributed to radiative decay of self-trapped excitons, with a broad emission peak of significant intensity 

from 450 to 750 nm. The color of the emitted light is best described as yellow-white (Î»max â‰ˆ 625 nm), 

due to the extreme breadth of the emission peak (FWHM â‰ˆ 217(2) nm). The excitation spectrum 

extends out to 450 nm for samples near x = 0.25, while the photoluminescent quantum yield (PLQY) 

reaches a maximum of 39 Â± 3% in the x = 0.167 sample. The emission characteristics, which include 

correlated color temperature (CCT) of 3119 K and a color rendering index (CRI) of 85, coupled with an 

excitation spectrum that can by driven by visible photons emitted from a Ga1âˆ’xInxN LED, make 

Cs2AgIn1â€“xBixCl6 phosphors promising for use in solid state white lighting applications. 
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Photoresponsive bioplastics that feature metal-polysaccharide complexes 
 

Carina B. Haddad and Alexis D.Ostrowski 

Bowling Green State University 

Adviser: Alexis Ostrowski 

In previous studies, strong and elastic composite materials were made by mixing two naturally occurring 

polysaccharides chitosan and pectin with a plasticizer such as glycerol to serve as biodegradable food 

packaging materials. My goal was to incorporate metal ions into these composite films to determine how 

changes in metal coordination environment affected the photochemistry and mechanical properties of 

these materials. For that purpose, different composites were prepared by blending different mass ratios 

of pectin to chitosan with Iron(III) chloride. Clear shifts were observed in the IR spectrum of the composite 

film compared to that of pectin and chitosan alone. These shifts are the outcome of the ionic interactions 

between the â€“NH3+ and â€“COOâˆ’ moieties present in chitosan and pectin respectively. Other shifts 

were observed upon addition of Fe(III) to the film, which means Fe(III) is also interacting with the 

functional groups present in pectin and chitosan. The break test applied on these films showed that 

stiffness increased with increased amounts of pectin. Composite films with higher amounts of chitosan 

showed higher elasticity. Moreover, TGA curves showed that addition of the metal has no effect on the 

thermal degradation of the films. Interestingly, these composite films showed photochemistry upon light 

irradiation due the presence of the Fe(III)-carboxylate moiety, which led to break down of the composite 

and a decrease in stiffness and elasticity. Diffuse reflectance measurements showed that films turned 

colorless with irradiation, consistent with the photochemical reduction of Fe(III) to Fe(II). 
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Photocatalytic C-C coupling and diesel fuel precursor production on ZnIn2S4 nanosheets 
 

Guanqun Han and Yujie Sun 

University of Cincinnati 

Adviser: Yujie Sun 

Pinacol coupling has been considered as a straightforward way for C-C bond formation, a fundamental 

reaction in organic synthesis. However, tradition pinacol coupling reactions always involve stoichiometric 

reductants. To elimination the reductants, a much greener method is desired, and photocatalysis provides 

a promising pathway. We report a heterogeneous photocatalyst, ZnIn2S4, for C-C bond formation. After 

the introduction of different substituents, the prepared ZnIn2S4 exhibited a visibility for a wide range of 

benzaldehydes. However, during this strategy, sacrificial reagents were necessary and oxidation power of 

exited holes was wasted. To solve this issue, we proposed to replace benzaldehyde by benzyl alcohol, and 

both redox active species were harnessed at the same time to obtain C-C coupling products of benzoin 

(58%) and phenyl benzyl ketone (40%). In addition, we can tune the final products between benzaldehyde 

and C-C coupling products by adding cocatalyst on ZnIn2S4. Finally, our synthesized ZnIn2S4 was applied 

in biomass-derived intermediate-furfural coupling. A full conversion of furfural to diol was obtained in the 

presence of trimethylamine (TEA). Without TEA, ~90% yield of dimers were generated in a mixture of 

furfural and furfural alcohol (molar ratio of 1:1). The upgraded C-C coupling products have a carbon chain 

of C10, which are within carbon range of diesel fuel. Therefore, our proposed photocatalysis not only 

shows a great potential for benzylic compound coupling, but also exhibits a promising approach to diesel 

fuel precursor production. 
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Development of Synthetic Model Systems for Bacterial NO reductase 
 

Jill Harland, Subhra Samanta, and Nicolai Lehnert 

University of Michigan 

Adviser: Nicolai Lehnert 

Bacterial NO Reductase (NorBC) is a membrane-bound enzyme found in denitrifying bacteria that is 

involved in catalyzing the two-electron reduction of NO to N2O and water. The mechanism under which 

NorBC operates is highly debated, due to the fact that the protein is difficult to work with. There are three 

proposed mechanistic pathways, involving the unique diiron heme b3/non-heme FeB active site. In the 

FeIIIFeIII resting state, the heme b3 is ligated by a proximal His, and the non-heme Fe center is coordinated 

by three His residues and a Glu. Also, an oxo bridge connects the two metal centers, making the Fe-Fe 

distance only 3.5 Ã…. Synthetic model systems provide the opportunity to give insight into the mechanism 

of action of this enzyme. We have developed a synthetic model system of NorBC, consisting of a 

tetraphenylporphyrin-derivative clicked to a modified BMPA-Pr ligand, as shown in the figure. This 

complex has been characterized by NMR and Uv-Vis spectroscopy. Armed with this synthetic model, we 

are now investigating the systems interaction with NO, and examine some of the different factors that 

influence the reaction mechanism. 
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Synthesis, Characterization, and Reactivity of Several Rhodium Complexes of an NHP-Containing 
Pincer Ligand 

 

Gregory P. Hatzis, Leah K. Oliemuller, and Christine M. Thomas 

The Ohio State University 

Adviser: Christine Thomas 

N-heterocyclic phosphenium/phosphido (NHP+/NHP-) ligands, isolobal analogues of NHC’s have been 

shown to be redox active, with the ability to change from a planar geometry if in the NHP+ state to a 

pyramidal geometry in the NHP- state akin to nitrosyl ligands (NO+/NO-). Our group has shown that 

incorporating an NHP+/- fragment into a PPP pincer ligand framework destabilizes the ground state singlet 

of the NHP+ state, facilitating reduction and rehybridization to the NHP- state. The cobalt(I) complex 

(PPP)CoPMe3 was shown to undergo metal-ligand cooperative reactions with E-H bonds (E = H, O, S) but 

the oxidation state of cobalt remains somewhat ambiguous without the solid-state structure from single 

crystal X-ray diffraction. To provide more insight, we have synthesized and structurally characterized 

several rhodium complexes with the NHP-containing pincer ligand PPP and identified them as NHP- or 

NHP+ complexes by analyzing the structural parameters as well as through density functional theory (DFT) 

and natural bond orbital (NBO) calculations. Preliminary reactivity of the rhodium complexes with the S-

H bond of thiophenol has been explored and compared to that of (PPP)CoPMe3. 
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Probing the biologically accessible oxidation states of the heterobimetallic manganese/iron cofactor 
of the R2-like ligand binding protein R2lox 

 

Joseph M. Hazel, Camille R. Schneider, Effie K. Miller, Zachary R. Smith, and Hannah S. Shafaat 

The Ohio State University 

Adviser: Hannah Shafaat 

Heterobimetallic cofactors in proteins represent an extremely active area of interest within bioinorganic 

chemistry. Recently, a new class of these heterobimetallic cofactors has been identified in the redox-

active manganese/iron (Mn/Fe) proteins. These rare Mn/Fe active sites are observed in proteins in two 

pathogenic bacteria:  both the R2 subunit of ribonucleotide reductase of C. trachomatis (R2c) as well as 

the R2-like ligand binding oxidase of M. tuberculosis (R2lox). While the function of the Mn/Fe cofactor in 

R2c is well characterized, the reactivity and chemical capability of Mn/Fe R2lox remains under 

investigation. Differences in the assembly and maturation of these active sites, especially the resting 

oxidation state of the two systems (MnIV/FeIII for R2c, MnIII/FeIII for R2lox), suggest an alternative 

assembly pathway for the R2lox cofactor. In this study, protein electrochemistry and chemical oxidation 

are used to investigate Mn/Fe R2lox, providing important insights into the activation process and 

reactivity of this unique heterobimetallic system. 
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Synthesis of trisaccharide oligomer of Salmonella E1 capsular polysaccharide via anomeric O-
alkylation 

 

Ishani Lakshika Hettiarachchi, Xiaohua Li, and Jianglong Zhu 

The University of Toledo 

Adviser: Jianglong Zhu 

Salmonella sp has gained spotlight as an infectious agent due to the vast number of severe infections and 

lack of effective treatments. These circumstances have arisen because of the emergence of Salmonella sp 

that become antibiotic resistant, rendering infection by the strains very challenging to treat. It is a Gram 

negative foodborne pathogen, difficult to eliminate from its reservoir hosts, and food animals often serve 

as reservoirs of the pathogen. It causes highest number of illnesses, hospitalizations, and deaths allied 

with foodborne illness. Salmonella sp is a diverse species of bacteria consisting of more than 2500 

different serotypes and most of them are multidrug- resistant. Therefore capsular polysaccharides (CPS) 

have been potential candidates for the synthesis of vaccines against Salmonella infections which is 

nontoxic and have the high immunogenic ability.  

 

The capsular polysaccharide contains galactose, mannose and fucose monomers in its trisaccharide 

oligomer repeating units with Î± and Î² linkages. Construction of Î² mannopyranosidic linkage is a long-

lasting challenge in glycobiology. Recently our group has reported an efficient method for the 

stereoselective construction of Î² mannopyranosidic linkages via anomeric O-alkylation. This method 

governs through the kinetic anomeric effect in conjunction with chelation control of cesium metal and 

has been used to synthesize the Salmonella E1 trisaccharide.  

 

This work was supported by National Science Foundation (CHE-1464787), National Institutes of Health 

Common Fund Glycosciences Program (1U01GM125289), The University of Toledo, and University of 

Michigan-Dearborn.   
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Highly Reduced Amidophenolate Copper (II) Complex 
 

Matthew C. Hewitt, Ezra J. Coughlin, Mattias Zeller, and Suzanne C. Bart 
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Adviser: Suzanne Bart 

The investigation of Copper amine oxidase enzyme is the early 1990’s led to an organometallic analog, 

copper (II) bis(iminosemiquinone), which has been used extensively for aerobic, catalytic oxidations. 

Electrochemical analysis of this complex by our lab showed further reversable reductions were present, 

which prompted the investigation herein described. The reduction series of a novel copper iminoquinone 

species was synthesized, with four total isolated compounds, was isolated and characterized 

spectroscopically. Initial reactivity to isolate a copper hydride yielded reactivity toward the ligand and 

hydrogen gas formation, so further investigations in reactivity are ongoing with various nitrene 

precursors. 
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Visible-light-promoted photolytic Birch reductions using a EuII-containing octaaza-cryptate 
 

Dallas Hildebrand and Matthew J. Allen 

Wayne State University 

Adviser: Matthew Allen 

Photoredox catalysis provides synthetic chemists with a means to perform redox reactions under mild 

conditions with temporal control. Also, if the catalyst is operative under visible light conditions, chance 

undesirable side reactions can be depressed. Recently, the Allen lab has reported a europium(II)-

containing octaaza-cryptate complex that shows the ability to catalyze reductive carbonÂ¬Â¬â€“carbon 

coupling reactions under visible light excitation at 460 nm. I will present our efforts to examine the scope 

of reactions possible with this precatalyst beginning with the Birch reduction. The Birch reduction is a 

useful reaction for synthetic chemists that converts an aromatic ring into its dihydro counterpart, which 

is often performed with harsh reaction conditions such as lithium or sodium, alcohol, and liquid ammonia. 

By using the europium(II)-containing octaaza-cryptate, we have evidence for the ability to perform Birch 

reductions photolytically with visible light excitation at 460 nm. This work is expected to influence the 

further study of visible-light-promoted photoredox catalysis using divalent europium. 
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Transition Metal-Free Hydrogen Based Catalysis with BaGa2, a Hydrogen Absorbing Zintl Phase 
 

Kelsey L. Hodge and Joshua E. Goldberger 

The Ohio State University 

Adviser: Joshua Goldberger 
 

It is estimated that between 10-20% of all industrial catalytic processes performed today are 

hydrogenations in some form. These are typically performed heterogeneously using solid-state 

compounds that contain Pd, Pt, or other rare and expensive precious metals because of their affinity for 

hydrogen.  However, there are many classes of precious-metal free compounds that readily cleave 

dihydrogen and absorb it into their lattices under moderate pressures (1-50 Bar) and temperatures (50-

200 Â°C).  For instance, layered Zintl-Klemm phases that have the stoichiometry AeTr2 or AeTrTt (Ae = 

Alkaline earth, Tr = Triel, and Tt = Tetrel) often form layered polyanionic hydrides with covalent Tr-H 

bonds.  Here, we show that these Zintl-Klemm compounds can effectively catalyze the semi-

hydrogenation of phenylacetylene into styrene at modest temperatures (40-70 Â°C), and even into 

ethylbenzene under high pressures (~50 bar H2). Remarkably, the catalytic activity of BaGa2 is on par with 

the commercial Lindlarâ€™s catalyst, with turnover frequencies up to 8390 h-1.  By comparing the 

catalytic activity of different Zintl-Klemm phases, we establish numerous solid-state design principles for 

maximizing catalytic activity and minimizing surface oxide formation for long term catalytic stability.  This 

work shows that solids having crystal and electronic structures that are amenable for hydrogen absorption 

can also be exploited for hydrogen-based catalysis. 
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Crystal Structure, Optical, and Magnetic Properties in the Hybrid Ruddlesden-Popper series 
(Aâ€™)2CuX4 

 

Noah Philip Holzapfel and Patrick M. Woodward 

The Ohio State University 

Adviser: Patrick Woodward 

 Layered halide perovskite derivatives have recently shown great promise for photovoltaics, 

luminescence, and spintronics. By reducing the dimensionality of the perovskite structure, new pathways 

to tune the physical properties can be explored. Herein, we report a comprehensive investigation into the 

crystal structures, magnetic, and optical properties of a series of hybrid Ruddlesden-Popper LHPDs with 

the general formula of (Aâ€™)2CuX4. The compounds being revisited include Aâ€™ = CH3NH3+, 

CH3CH2NH3+, and CH3CH2CH2NH3+. The new structures being reported here include 

(CH3CH2CH2CH2NH3+)2CuCl4-xBrx (0 < x < 4). By tuning the length of the organic spacer and halide 

composition, magnetic and optical structure-property relationships can be elucidated. The entirety of this 

series exhibits soft ferromagnetic behavior indicated by a narrow hysteresis loop upon magnetization 

versus field experiments. Effective moments and Weiss constants were also extrapolated from the Curie-

Weiss model. It has been shown that increasing the interlayer distance lowers the magnetic transition 

temperature (Tc). Substituting in Br- for Cl- has been shown to increase the Weiss coupling constant. 

Substitution of chloride with bromide also causes an absorbance shift to lower energy of the ligand to 

metal charge transfer energy. 
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Nickel catalyzed hydroboration: A route to selective reduction of 
aldehydes and N-allylimines 

 

Istiak Hossain 

The University of Toledo 

Adviser: Joseph Schmidt 

A cationic [(iminophosphine)nickel(allyl)]+ complex was found to be sufficiently electrophilic to activate 

aldehydes and N-allylimines to undergo hydroboration with pinacolborane (HBpin) under mild reaction 

conditions. The catalyst displayed excellent selectivity toward aldehydes in the presence of ketones. A 

wide variety of functional groups were tolerated, including halogens, NO2, CN, OMe, and alkenes for both 

aldehydes and imines. Electron-rich substrates were found to be significantly more reactive than their 

electron poor counterparts, a feature that was correlated to their enhanced ability to coordinate to the 

Lewis acidic nickel center. 
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Sorption of Rare-Earth Elements onto a Ligand-Modified Media for pH-Dependent Extraction and 
Recovery of Critical Materials 

 

Jessica L. Hovey, Mohammed Dardona, Matthew J. Allen, and Timothy M. Dittrich 

Wayne State University 

Adviser: Matthew Allen 

Rare-earth elements have many critical uses towards technological growth. To develop a method that 

reuses and recycles these elements, we prepared a solid-phase media that binds and elutes metals for 

enrichment and extraction. Here, we report the synthesis and methodology for a new solid-phase media 

that exhibits pH-dependent binding of aqueous rare-earth elements. The media contains ligands designed 

to interact both with the metals in solution, through carboxylic acid and amine moieties, and with an 

organically modified silica resin, through hydrophobic interactions with ethylhexylamido moieties. The 

media shows pH-dependent binding of NdIII (300 ppm) with 3.2 times as much NdIII sorbed at pH 3.4 

relative to pH 1.6. Analysis of NdIII binding (300 ppm) through successive cycling of the media between 

pH 3.3 and pH 1.5 concluded that the system retains binding efficiency over at least six cycles of binding 

and eluting NdIII. In a mixture containing equal concentrations (5 ppm each) of all the rare-earth elements 

(except promethium), we observed notable selectivity for the heavy rare-earth elements. We expect this 

new method to be a significant step towards aqueous-based extraction and enrichment of critically 

important rare-earth elements. 
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Design and Synthesis of Dirhodium(II,II) Complexes for Use Towards Energy Conversion and Storage 
 

Jie Huang and Claudia Turro 

The Ohio State University 

Adviser: Claudia Turro 

Rh2(II,II)(formamidinate)2(diimme)2(BF4)2 complexes have demonstrated to extend the excited states 

life times and better harness red to near-IR wavelengths. Rh2(II,II) complexes can be applied as photo 

absorbers in p-type and n-type semiconductors as they have matched excited state redox potentials and 

long-lived exited state. 
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The Influence of Surface Chemistry on Water Absorption in Functionalized Germanane 
 

Warren L. B. Huey and Joshua E. Goldberger 

The Ohio State University 

Adviser: Joshua Goldberger 

The graphane analogues of group 14 are a unique family of 2D materials due to the necessity of a terminal 

ligand for stability. Here we highlight how changing the surface ligand can lead to nonobvious interactions 

with other chemical species. We show using XRD, FTIR, and TGA that GeCH3 reversibly absorbs water into 

the van der Waals space, whereas GeH does not intercalate water. Molecular dynamics simulations 

predict that water datively interacts with the Ge-C Ïƒ* pocket on the Ge framework. Surprisingly, the 

presence of water gives rise to an intense above band gap luminescence state of 1.87 eV, with an average 

lifetime of hundreds of picoseconds, suggestive of a trap-assisted recombination process. This work opens 

potential applications for exploiting surface functionalization chemistry of 2D materials to create 

membrane and separation technologies. 
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C-H Bond Activation Facilitated by a Bis(phosphinoamide) Zirconium/Cobalt Early & Late 
Heterobimetallic Complex 

 

Nathanael Hunter, Katherine Gramigna, Elizabeth Lane, and Christine Thomas 

The Ohio State University 

Adviser: Christine Thomas 

By incorporating a Lewis acidic early transition metal and an electron-rich late transition metal into a single 

metal complex, a polar metal-metal bond is formed. A bis(phosphinoamide) zirconium/cobalt complex 

has been synthesized and has been shown to be active toward a variety of bond cleavage reactions, 

including C-H bonds, such as the ortho-C-H bonds of pyridine derivatives and the C-H bonds of terminal 

alkynes. The products of these oxidative cleavage reactions have been characterized and provide insights 

into the reactivity of these complexes. Progress toward applying these activations in coupling reactions 

will also be discussed. 
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Dual Action Organoplatinum Polymeric Nanoparticles Overcoming Drug Resistance in Ovarian Cancer 
 

Amarasooriya M. D. S. Jayawardhana, Zhihan Qiu , Susan Kempf , Han Wang , David J. Bowers , Hai Bo 

Yang , and Yaorong Zheng 
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Adviser: Yaorong Zheng 

Drug resistance to the conventional platinum chemotherapy remains a major challenge for treating 

ovarian cancer. Herein, we present a novel approach to overcome the drug resistance by utilizing 

â€œdual-actionâ€• organometallic polymeric nanoparticles (OPNPs). The OPNPs were formed by the 

assembly of the organoplatinum payloads and the anionic block copolymer, methoxy polyethylene 

glycol-block-polyglutamic acid (MPEG5k-PGA50). The OPNPs enhance the solubility and biocompatibility 

of the hydrophobic organoplatinum payloads. The OPNPs enter the cancer cells via endocytosis, and the 

payloads.  
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Allen 

Wayne State University 
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Divalent-lanthanide-containing complexes have numerous applications including lighting, imaging, low-

concentration detection, chemical reductions, and photocatalysis. We hypothesized that by modifying the 

coordination environment of Ln(II) ions, that we could tailor their utility in the aforementioned 

applications by tuning their photophysical and redox properties. Here, we report a series of cryptates that 

explore the effects of electronic and structural variations on the coordinated metal ions Eu(II) and Yb(II). 

Relationships between the structures of the ligands on the physiochemical properties of the resulting 

complexes were compared between the two metals. Characterization of the complexes bore information 

on how the coordination environments of the Ln(II) ions influence their photophysical and redox 

properties, and how similar coordination environments affect different Ln(II) ions. These results are 

expected to be an asset in the design of future divalent-lanthanide-containing complexes. 
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Designing hydroximate antenna ligands for lanthanide-based luminescence 
 

John P. Karns, Jacob C. Lutter, and Matthew J. Allen   

Wayne State University 

Adviser: Matthew Allen 

Lanthanide(III) ions are well known for their characteristic optical properties such as their thin and distinct 

emission bands and long lifetimes. These properties enable elementary discernable differences between 

lanthanide luminescence and the background fluorescence associated with biological systems. These 

attractive properties arise from the nature of lanthanide 4f valence electrons, but 4fâ€“4f transitions are 

Laporte forbidden and have relatively weak intensities. Because of this low native absorbance, the use of 

chelating â€œantennaâ€• ligands is common to excite these metal ions via energy transfer to create the 

desired luminescence. One promising group of antenna ligands are aromatic hydroximates that 

demonstrate a remarkable ability to excite lanthanide(III) ions in coordination complexes called 

metallacrowns, which have shown recent applicability in HeLa cell fixing and imaging. My project has two 

specific aims: (1) to make a new metallacrown that binds and sensitizes a lanthanide(III) ion towards 

further optical imaging applications of metallacrowns and (2) to make a sans-metallacrown aromatic 

hydroximate lanthanide coordination complex to examine the capabilities of this type of ligand as antenna 

on their own. To accomplish these aims, I will synthesize 8-quinaldic hydroxamic acid for use in the 

metallacrowns and 2-carboxybenzohydroxamic acid to assess to photophysics of hydroximates only as an 

antenna for different lanthanides. This presentation outlines my current results related to the synthetic 

route and characterization of these compounds. 
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Iron(III) Polyuronate Photochemistry for Greener Applications in Surface Modification of Soft 
Materials and Controlled Plant Nutrient Delivery 

 

M. H. Jayan S. Karunarathna, Kerri M. Bailey, Zachery R. Hatten, and Alexis D. Ostrowski 

Bowling Green State University 

Adviser: Alexis Ostrowski 

The Iron(III) carboxylate photoreaction is naturally occurring in surface waters, and this photochemistry 

plays an important role in biogeochemical cycling of iron in the natural environment. The quantum yield 

for the photoreaction between iron(III) and various polyuronates was calculated by quantifying the 

amount of iron(II) formed using a colorimetric 1,10 phenanthroline method. It was found that the 

quantum yield changed depending on factors including solution pH, conformation of the carboxylate 

containing polymer, excitation wavelength, and the intensity of the light source used for irradiation. Upon 

light irradiation, the electron transfer from carboxylate groups to iron(III) formed a carbon dioxide radical 

anion which was determined by  electron paramagnetic resonance spectroscopy. Hydrogel materials 

prepared with polyuronates showed the photoreaction similar to solution phase. Irradiation of these gels 

in an acrylic monomer solution led to capture of the radical and polymerization of the acrylic monomer 

on the hydrogel surface. This was used as a greener method to change surface properties of materials 

(hydrogels and cotton fabric) such as hydrophobicity, pH and stiffness. Hydrogel beads were prepared 

using solutions of alginate and FeCl3 and the fast coordination between iron(III) and the carboxylate 

groups was used. These gels showed phosphate uptake from aqueous solutions up to 1 mgg-1 in the pH 

range of 4.0 â€“ 11.0 due to the iron(III) â€“ phosphate binding. Irradiation of these gels with light 

degraded the hydrogel due to the photochemical breakdown of polyuronate chains and released the 

captured phosphate ions. We conducted plant trials to determine the ability to use these gels as a fertilizer 

using tomato plants. Compared to control plants, plants treated with our fertilizer gels showed better 

quality fruit formation. Testing of plant materials for iron showed that plants treated with these gels had 

higher iron content compared to the plant materials from control plants. In summary, we have shown the 

ability to use the naturally occurring iron(III) carboxylate photoreaction in greener applications for modern 

day life. 
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Visible Light mediated C(sp3)-H Functionalization: A Dual Catalysis Approach 
 

Navdeep Kaur and Wei Li 
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Aliphatic C-H bonds are ubiquitous in organic molecules and catalytic approaches to functionalize these 

are highly desirable. This novel work outlines visible light mediated C(sp3)-H functionalization using 

metal based dual catalysis. Herein, halide and lewis acid catalyzed method generates an N-Br bond in 

situ which after homolysis produces very reactive and transient amidyl radical, responsible of 

conducting C-H functionalization. The methodology showcases a variety of substrates to generate 

substituted oxazolines in useful chemical yields. Extension to oxazines and pyrrolidines can also be 

achieved under the mild standard conditions.  
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Transition metal-mediated transfer hydrogenation is a widely employed method for reductions of various 

functional groups such as ketones, imines, alkenes, and Î±-Î²-unsaturated carbonyls. While this has been 

proven useful for numerous transformations, control over these catalytic reactions has been sought after. 

Understanding and optimizing enantioselectivity is fundamental in the production of various 

pharmaceuticals, flavors and fragrances, and the agrochemical industries. Bis(2-pyridylimino)isoindole 

(bpi) derivatives are widely known for participating in various transition metal catalysis reactions, however 

their extension to asymmetric reactions is more limited. This research focuses on the synthesis of three 

ruthenium (II) catalysts containing chiral pincer ligands. These catalysts were then assessed for the utility 

in asymmetric hydrogenation.    
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There has been considerable interest in the layered Zintl phases due to the host of unique electronic 

phenomena that exists in these materials, including axis-dependent conduction polarity, 

superconductivity, and topological states. Here we have synthesized a new family of alloyed lead/tin 

layered Zintl phases PbxSn4-xAs3 (0<x<1) using conventional solid-state techniques. We follow the 

changes in structure and electronic properties with alloy composition. This work demonstrates the 

possibility of incorporating Pb into this new family of layered materials. 
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Cryptand-based uranium(III)-containing complexes 
 

Nuwangi Kulasekara and Matthew J. Allen 
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Adviser: Matthew Allen 

Developing new uranium(III)-containing metal complexes has become an interesting research area in 

actinide chemistry due to the unique properties and reactivity of the ion, including a negative 

electrochemical potential, a large atomic radius, and the availability of 5f orbitals in bonding. These 

features make uranium(III) potentially useful as a catalyst in small molecule activation, group transfer 

reactions, and in molecular magnets. To controllably modulate the reactivity of trivalent uranium, a 

suitable ligand environment is critical. We will present our studies that explore the influence of donor 

atoms and electron withdrawing groups of cryptands on the electrochemical potential of the UIII/UIV 

couple. We expect that our results will enable an increased understanding of the potential reactivities of 

trivalent uranium cryptates and provide insight into rational ligand design. 
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Alkoxides based ligand systems are promising but are underexplored for middle and late first row 

transition metals. The complexes developed in an alkoxide environment is expected to lead to high-spin 

group transfer catalyst. We have previously synthesized mononuclear Cr, Mn, Fe, and Co bis(alkoxide) 

complexes featuring monodentate bulky with OCtBu2Ph and OCtBu2(3,5-Ph2Ph) ligands. These 

complexes were found to be extremely reactive and exhibited excellent catalytic reactivity in azide 

coupling, nitrene and carbene transfer reactions. However, the lability of alkoxide ligands led to the 

disproportionation of the desired bis(alkoxide) complexes to form a tris(alkoxide) species and a 

mono(alkoxide) species, which had a negative effect on the reactivity. We hypothesized that chelating 

bis(alkoxide)s will enhance the overall stability of the complexes, and will prevent disproportionation 

reactions that forms the inactive tris(alkoxide) species. Towards this goal, we have synthesized two new 

chelating ligand with two OCPh2/OtBu2 groups attached to the 2,2’- para-terphenyl linker. Our current 

research focuses on the synthesis of the first-row transition metal (M= Cr-Co) based complexes and 

investigation of their catalytic reactivity in group-transfer reactions. 
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Vinod G. Landge, Justin M. Maxwell, Pratibha Chand-Thakuri, MohitKapoor, Evan Diemler, and Michael 

C. Young 
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Adviser: Michael Young 

Allylamines are synthetically valuable and ubiquitous in various biologically active classes of compounds. 

The C-H activation of amines is very challenging because of complications with the coordination of the 

amine, including beta-hydride elimination and substrate decomposition in the presence of transition 

metal catalysts. Various approaches have been developed to functionalize the gamma position of primary 

amines using stoichiometric directing groups and specific ligands that do not offer step economy. 

Although transient directing groups have been developed to improve step economy, they only work with 

primary, and not secondary, amine substrates. Meanwhile, there are many challenges with performing C-

H activation on allyl groups, including their increased sensitivity to hydrofunctionalization or 

difunctionalization (especially in the presence of Pd catalysts), as well as the regio and site-selectivity 

issues because of various accessible C-H bonds. This study describes carbon dioxide in the form of dry ice, 

as a transient directing group to selectively functionalize gamma C-H bonds of primary and secondary 

allylamines using a palladium catalyst. 
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Covalent Attachment of Cobalt Bis(dithiolbenzene) Catalysts to Surfaces for Hydrogen Production 
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Hydrogen is a promising renewable fuel and an industrially important gas. Cobalt bis(benzenedithiolate) 

catalysts are adept at catalyzing proton reduction to hydrogen. Attaching molecular catalysts to a surface 

combines the advantages of molecular catalysts with the advantages of heterogeneous catalysis. Cobalt 

bis(dithiolbenzene) catalysts have been physisorbed on to graphitic electrodes, but under catalytic 

conditions the catalyst dissociates from the surface which limits the activity of this system. To remedy 

this, we are interested in covalently attaching this catalyst to graphitic surfaces and gallium phosphide. 

Through an appended amine, the catalyst can be attached to reduced graphene oxide by reacting with 

the epoxide groups on the surface. Through an appended alkyne, the catalyst can be clicked to an azide 

modified gallium phosphide or graphitic surface. The synthesis of the dithiolbenzene ligands with amine 

and alkyne functionality will be presented. Covalent attachment of the catalyst via the epoxide ring 

opening mechanism and click reaction will be compared and evaluated by surface coverage and 

electrochemical characterization. 

  



Poster 58 

Site-Selective C-H Activation using Boron-Appended Ligand Platforms 
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University of Michigan 
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The field of directed C-H activation/functionalization has traditionally relied on the coordinative ability of 

heteroatoms in substrates to chelate to catalytically active metal sites. However, reactivity using these 

groups is limited to activation of bonds within close proximity and often require highly decorative 

substrates. Following a computational assessment which details the energetic landscape of a reference 

heteroaromatic substrate, we will adapt in silico measurements to experimental design and develop 

guidelines for modeling acidic/geometric preferences that ultimately outcompete the innate electronic 

bias for a given substrate. Following literature precedence for arene C-H activation/functionalization, 

initial studies will focus on Rh- complexes containing N-heterocyclic carbene (NHC) ligands with boron-

appended groups. 
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Synthesis and Characterization of Ni(II) Complexes with a Tetradentate Bisamido-bisphosphido Ligand 
2Ph[PNNP]4- 

 

Kyounghoon Lee and Christine M. Thomas 

The Ohio State University 
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Redox and chemical non-innocence properties for various arylamide, phenolate, and thiophenolate 

ligands have been studied and shown to promote metal-ligand cooperative reactivity in the 

functionalization of small molecules and catalysis of organic transformations. Despite their structural 

similarity, fewer reports of arylphosphide ligands are available in the literature, presumably due to the 

complexity of introducing phosphide groups into ligand platforms. Here we describe the facile synthesis 

of Ni(II) complexes with a tetradentate bisamido-bisphosphido ligand 2Ph[PNNP]4-. Ni(COD)2 was treated 

with a ligand precursor, H24Ph[PNNP] and excess nBuLi or KH to form {M(THF)x}22Ph[PNNP]Ni (M = Li 

and K). During the metalation process, two phenyl groups are eliminated from phosphorus atoms in the 

form of benzene or biphenyl, depending on the reaction conditions, as confirmed by NMR spectroscopy 

and GC-MS. Alternatively, a Ni(II) complex with the bisamido-bisphosphine ligand, 4Ph[PNNP]Ni, can be 

isolated and subsequently treated with excess KH to form the same bisamido-bisphosphide complex 

{K(THF)x}22Ph[PNNP]Ni. 
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Chamika U. Lenora and Joseph C. Furgal 
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Zinc is the second most abundant transition metal in human body after iron and essential trace element 

in plants and microorganisms. Unlike other biological ions such as Fe(II) and Cu((II), Zn(II) is 

spectroscopically and magnetically silent due to d10 electron configuration. As a result, sensitive and non-

invasive fluorescence-based techniques stand out as a method of choice for zinc analysis and imaging. 

While many sensors for Zn(II) have been reported, there is still need remains for highly selective, non-

toxic sensors. Further, current Zn(II) sensors show low thermal and photochemical stability, poor 

mechanical properties and photo degradation upon UV exposure which are disadvantages concerning its 

technological applicability. One solution to improve the mechanical and optical properties of Zn(II) sensors 

is to introduce a stable rigid matrix such as silica-based hybrid materials. In this regard, we synthesized 

Bis(benzimidazole)pyridine functionalized silsesquioxane polymer and investigated the photophysical 

properties of the polymer and potential applications as metal ion sensors. The polymer was characterized 

using gel permeation chromatography (GPC), Thermogravimetric analysis (TGA), 1H-NMR, 13C-NMR, 29Si-

NMR. Addition of Zn(II) ions change the color from blue to yellow and shift the emission by 53 nm 

indicating that our system is able to differentiate Zn(II) from other metal ions. This sensor can be further 

developed as a high-performance fluorescence probe to detect Zn(II) with the practical applicability for 

Zn(II) imaging in living cells and in environmental systems. 
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Hydrogen transfer catalysis is a powerful strategy to transform biorenewable feedstocks into upgraded 

fuels. One underexplored approach to hydrogen transfer catalysis utilizes photoirradiation to promote 

alcohol dehydrogenation to yield functionalized products. The Guerbet reaction allows for the synthesis 

of higher alcohols from ethanol and has been shown to be catalyzed by several transition metal 

complexes.  

We have previously shown that N,N,N-bRpi Ru(II) hydride complexes can be ideal catalysts for the Guerbet 

reaction. We have subsequently found that the hydricity of these complexes can be significantly increased 

by irradiation. Here we show an investigation into the mechanism of the photo-induced hydricity changes 

of N,N,N-bRpi Ru(II) hydride complexes. , We used irradiated in-situ NMR spectroscopy and kinetic 

experiments to gain insight into the operative mechanism. 
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Rieske non-heme oxygenases in paralytic shellfish toxin biosynthesis 
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The biosynthesis of the neurotoxin saxitoxin (and structurally related paralytic shellfish toxins) by 

freshwater cyanobacteria has been traced to a gene cluster that encodes enzymes involved in building, 

exporting, and functionalizing the tricyclic saxitoxin scaffold. Recently it was demonstrated that three of 

these enzymes are Rieske oxygenases that catalyze site- and stereo-selective hydroxylation reactions. 

SxtH performs a hydroxylation reaction on a linear saxitoxin intermediate; whereas SxtT and GxtA 

hydroxylate the polycyclic saxitoxin core, a more advanced biosynthetic intermediate. Here, we describe 

X-ray crystal structures that reveal how two of these enzymes, which share more than eighty-percent 

sequence identity with one another, selectively hydroxylate different biosynthetic intermediates. We 

have identified structural motifs that contribute to the site-selectivity of these enzymes. Finally, using the 

information gathered from these studies, we have successfully added to the functionality of SxtT and GxtA 

by mutation of only two protein residues. 
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When the thermal expansion properties of two materials that are in intimate contact in a device are 

mismatched, the outcome can be detrimental and lead to device failure. Negative thermal expansion 

(NTE) materials can be utilized to counteract the undesirable positive thermal expansion (PTE) of a 

material by forming a controlled expansion composite. Here, we study NTE materials in the A2M3O12 

family (A= trivalent cation, M= Mo, W). Within this family, some materials undergo a phase transition from 

an orthorhombic NTE phase at high temperatures to a monoclinic PTE phase at low temperatures. A 

suppression of this phase transition could be beneficial if one phase is desired, for example the NTE phase 

as a component for composites. This has been observed in AlScMo3O12, which shows a much lower 

transition temperature than either Al2Mo3O12 or Sc2Mo3O12. Further exploration is necessary to 

expand the knowledge needed to tailor these materials to exhibit specific properties for use in 

composites, and to understand the reasons for the significant suppression of the phase transition 

temperature. The goal of this research is to synthesize mixed A-site occupancy materials and probe their 

phase transition behavior as a function of composition. Various AlxSc2-xMo3O12 compounds have been 

synthesized using non-hydrolytic sol-gel methods, and were characterized via scanning electron 

microscopy, energy dispersive X-ray spectroscopy, thermogravimetric and differential thermal analysis, 

in-lab powder x-ray diffraction (PXRD), as well as variable temperature PXRD studies. 
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Proton Coupled Electron Transfer(PCET) From Cobalt Hydroxy-Cyclopentadienone Complexes 
Affected by pH, Ligand Substituents 
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Cobalt complexes bearing two CO ligands and a cyclopentadienone ligand were synthesized and their 

electron transfer reactivity was studied. Ligand substituents as well as presence of acid/base were shown 

to have an affect on the electron transfer process. 
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This presentation will describe thin, smooth reduced graphene oxide (RGO) films that also contain either 

a dissolved hydrogen evolution reaction (HER) molecular catalyst (cobalt (III) bis[benzenedithiolate]) 

and/or a molecular chromophore on p-type gallium phosphide (GaP) photocathodes. Molecular 

electrocatalysts and dyes can be employed heterogeneously by immobilization onto an electrode surface 

but the mode of attachment is typically specific to the particular electrode type. We have developed a 

method of depositing thin (â‰¤ 10 nm), adherent graphene oxide films that can physisorb molecular 

species through Ï€-Ï€ interactions. These thin films are deposited on a variety of electrode materials by 

spin coating graphene oxide suspensions. Immersion of these films in non-aqueous solutions of 

cobaltocene followed by drying produces flat, highly conductive reduced graphene oxide films that are 

platforms for the physisorption of molecular species. Electrochemical, photoelectrochemical, and 

spectroscopic data will be presented that demonstrates the robustness and catalytic activity of these 

films. The utility of these films for protection against corrosion processes will be also be presented. 
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In this work, we report on the promising photoluminescent behavior of the cubic double perovskite 

Cs2NaBiCl6 doped with Mn2+ ions. Localized excitations centered on Bi3+ ions in the host lattice strongly 

absorb near-UV light. In the undoped host compound, only very weak photoluminescence is observed, 

but in manganese-doped samples, energy transfer from Bi3+ to Mn2+ leads to intense orange-red 

photoluminescence. A broad emission peak centered at 590 nm is assigned to the 4T1 â†’ 6A1 transition 

of octahedrally coordinated Mn2+. The excitation spectrum contains peaks at 294 and 354 nm that arise 

from 6s2 â†’ 6s16p1 excitations of Bi3+ ions. If the chloride ions are partially replaced by bromide ions, 

the strongest excitation peak red-shifts to 375 nm. The lack of expensive reagents and toxic elements and 

the ability to tune the excitation and emission spectra through chemical substitution make 

Cs2NaBiCl6â€“xBrx:Mn2+ a promising phosphor system. 
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Synthesis of Model Systems for Reactive Intermediates in Cytochrome P450nor 
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Nitric oxide (NO) is a biologically relevant molecule in mammals and microorganisms. It further plays a 

vital role in the denitrification pathway of the biogeochemical nitrogen cycle. Bacteria and fungi that use 

this pathway utilize enzymes to reduce NO to nitrous oxide (N2O). One enzyme in this class is a 

Cytochrome P450, which are a superfamily of enzymes that can perform versatile reactions, especially 

oxidative transformations. The specific enzyme of interest, Fungal Cytochrome P450 nitric oxide reductase 

(Cyt P450nor), is present in soil-dwelling fungi, such as Fusarium oxysporum, and several strains of yeast, 

such as Trichosporon cutaneum. Since enzymes can be difficult to study, synthetic model complexes can 

be synthesized and studied to elucidate the mechanism of the enzyme and investigate analogs of key 

intermediates. In previous work, heme model complexes were reacted with NO and studied to determine 

their geometric and electronic structure. For the unstable intermediates of the mechanism, a sterically 

hindered porphyrin, such as the 3,5-methyl-bisaryloxyfence porphyrin (3,5-Me-BAFP) system can be used 

to stabilize these species for further spectroscopic characterization and reactivity. 
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As the impending energy and climate crisis looms ahead, interest in anthropogenic solar fuels has 

expanded dramatically, with much of the research efforts focused on understanding the mechanisms of 

light-driven energy conversion. Identifying fundamental factors contributing to photoinduced efficiency 

gains and losses is critical to optimizing the elementary processes in artificial photosynthesis to generate 

solar fuels. However, catalysts that effectively interface with light-harvesting materials to promote the 

long-lived, charge-separated states necessary for catalysis remain scarce. Nickel-substituted rubredoxin 

(NiRd) offers a potential solution to this problem. This robust enzyme catalyzes electrochemical and light- 

driven hydrogen evolution, mimicking the activity of the [NiFe] hydrogenase within a simple protein 

scaffold. Importantly, covalent attachment of a ruthenium-based chromophore to NiRd (RuNiRd) results 

in a well-defined, molecular system capable of direct, light-driven solar fuel formation from water. The 

catalytic mechanism of RuNiRd can be investigated through time-resolved spectroscopic approaches, 

allowing us to monitor the system by delivering one electron at a time via photoexcitation. Transient 

emission and absorption spectroscopy reveals reductive quenching of the *RuII excited state by the nickel 

center, suggesting rapid, intramolecular electron transfer between the metal centers. Utilization of 

ascorbate shows a long-lived RuI state that is independent of both the metal identity in the active site and 

pH, suggesting that photo induced H2 evolution by RuNiRd occurs via separates proton and electron 

transfer steps (Marguet, Stevenson, and Shafaat, J. Phys. Chem. B, in revision). Future work is aimed at 

resolving the rate-determining step and modulating the thermodynamic driving force for ET between the 

Ru-phototrigger and the Ni site, which should improve photocatalytic efficiencies. Understanding the 

RuNiRd catalytic mechanism and identifying factors contributing to these electron transfer processes will 

facilitate development of methods for increasingly efficient and environmentally sustainable H2 

generation. 
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Iron-sulfur proteins (ISPs) and their name-sake clusters, are found in all kingdoms of life playing a vital 

role in catalyzing the reactions necessary for its emergence. Nature uses this common scaffold to perform 

chemically-impressive feats that remain beyond our reach with current synthetic means: functionalization 

of C-H bonds on sp3/2 centers using “inert”, environmental-benign metals such as iron. Organisms that 

perform such chemistry, particularly aromatic scaffolds, have large potential for bioremediation and fine-

chemical generation. 
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D-Mannopyranoside is one of the key glycosidic linkages existing in numerous biologically significant 

targets, such as N-linked glycans, bacterial capsular polysaccharides, fungal metabolites, glycolipids, and 

etc. Stereoselective construction of D-mannopyranosides, however, remains as a long-standing challenge 

due to the steric effect of the axial C2-substituents as well as the absence of anomeric effect and 

anchimeric assistance, albeit remarkable success has been achieved. Recently, we developed a direct and 

efficient method for the stereoselective synthesis of D-mannopyranosides via Cs2CO3-mediated anomeric 

O-alkylation of mannose-derived lactols with suitable electrophiles. Based on the previous work, several 

structural features which are critical to this reaction have been revealed through extensive chemical 

experiments and computational studies. In this presentation, we will describe our mechanistic 

investigations of this Î²-mannosylation methodology.   
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As one of only four classes of Mn/Fe proteins found in nature, the R2-like ligand-binding oxidase (R2lox) 

spontaneously and selectively forms a Mn/Fe cofactor in vitro, going against the commonly accepted 

Irving-Williams series for metal-binding affinities. R2lox is capable of executing multi-electron chemistry, 

as the protein performs C-H bond oxidation upon O2 activation to generate an unprecedented tyrosine-

valine crosslink within its scaffold, achieving this reaction with impressive control and selectivity. The final 

state of the R2lox cofactor after O2 activation is as well-characterized, spin-coupled MnIII(Âµ-OH)FeIII 

center. Further examination of the Mn/Fe R2lox assembly mechanism has resulted in identification of 

multiple reaction intermediates with distinct kinetic profiles and optical and electronic signatures; 

however, much work remains in isolating, assigning, and characterizing these transient species. In this 

presentation, we emphasize the use of electron paramagnetic resonance (EPR) spectroscopy to examine 

the nature of two novel, spin-coupled Mn/Fe intermediates in R2lox. These species exhibit unique spectral 

and relaxation profiles, and spin Hamiltonian simulations confirm both intermediates as likely residing in 

the MnIII/FeIII state. Taking advantage of the increased anisotropy and spectral breadth of one of the 

species, we have utilized orientation-selective, multi-frequency pulsed EPR techniques to further probe 

its structural identity. At least one strongly-coupled, anisotropic proton is identified, along with multiple 

signals deriving from cofactor-bound nitrogen atoms. Taken together, this work provides the first 

structural characterization of reaction intermediates along the Mn/Fe R2lox assembly pathway and will 

aid the continued investigation of the intrinsic chemical reactivity possessed by these Mn/Fe cofactors. 
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Energy production from renewable energy sources is rapidly becoming the global norm. Regarded as one 

of the cleanest renewable sources of energy, hydrogen (H2) can be obtained from water, the most 

promising and abundant source. However, the challenging nature of water splitting has necessitated the 

development of fast and efficient water reduction catalysts. In some binuclear cognates of certain 

monometallic catalysts, activity is expected to be enhanced when two metal centers are in close 

proximity. This is because the close distance between the two metal centers enhances cooperativity (two 

metal centers working in tandem). We hypothesize that the cooperativity between two metal centers 

with an appropriate distance, angle, and orbital alignment will lead to a concerted electron transfer 

between two centers resulting in the catalytically active species that will efficiently convert protons to H2. 

This research focuses on the development of binuclear cobalt and nickel catalysts with a 2,6-bis [(bis(2-

pyridylmethyl) amino) methyl]-4-methylphenol ligand (HL1), for water reduction. Both catalysts have 

been synthesized and characterized by IR, UV-visible spectroscopy, mass spectrometry, elemental 

analysis, cyclic voltammetry and X-ray crystallography. The cobalt catalyst effectively reduces H2O to H2 

with a high turnover number of 2,820 per mol of catalyst after 30 minutes of bulk electrolysis at an applied 

potential of -1.6VAg/AgCl using a mercury pool as the working electrode. The cooperativity between both 

Co centers is being probed by electron paramagnetic resonance, density functional theory calculations, as 

well as the use of non-catalytic Zn-Zn analogues.   
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Alkalimanganese(II) fluoroperovskites have gained a great deal of interest as an important class of 

functional materials. However, the lack of suitable precursors has limited the low-temperature, solution-

phase routes to these compounds. Here, we demonstrate that alkaliï€manganese(II) trifluoroacetates 

serve as single-source precursors for the solid-state and solution-phase synthesis of AMnF3 

fluoroperovskites (A = Na, K, Rb, Cs). Crystal structures of Na2Mn2(tfa)6(tfaH), K2Mn2(tfa)6(tfaH)2·H2O, 

Rb2Mn2(tfa)6·H2O, and CsMn(tfa)3 (tfa = trifluoroacetato) are solved using single-crystal X-ray diffraction 

(XRD). Analyses of these structures reveal that they differ in their metal connectivity, coordination 

environments of the alkali atoms, and coordination modes of the trifluoroacetato ligand. The coordination 

flexibility of the trifluoroacetato ligand is attributed to the ability of the CF3 groups to interact with alkali 

atoms over a broad range of distances. Thermal analyses (TGA/DTA) and Rietveld analysis of powder XRD 

patterns confirm the chemical purity of the bimetallic precursors. These decompose in both the solid-

state and solution-phase (<300 ï‚°C) to give crystalline, single-phase AMnF3 fluoroperovskites. Our work 

broadens the library of fluorinated single-source precursors for the solution-phase synthesis of mixed-

metal fluorides. 
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 Metalloenzymes are the epitome of “green” catalysts since they can operate using earth-

abundant transition metals under mild aqueous conditions. The development of artificial metalloenzymes 

to perform abiological chemical transformations is a rapidly growing area of research due to widescale 

advancements in protein engineering and sustainable chemistry technology. Hemoproteins, such as 

Cytochrome P450s, have been extensively engineered for biocatalytic group transfer reactions, which can 

insert oxene, carbene, or nitrene moieties across C-H bonds or olefins. Hemoproteins are an ideal target 

for protein engineering since they constitute a large class of metalloenzymes which contain a covalently 

linked heme, or iron porphyrin, cofactor. Typically, the modification of these proteins involves the directed 

evolution of amino acids to promote favorable secondary sphere interactions towards a target reaction. 

Additionally, the heme cofactor can be substituted with other metalloporphyrins to affect the primary 

sphere. However, the effect of the ancillary ligand framework in group transfer catalysis has been sparsely 

explored. The corrin framework, a monoanionic porphyrin analog, is of interest since the mechanism of 

carbene transfer with metalloporphyrins typically involves low-valent oxidation states. In this work, the 

effect of a synthetic corrin framework, a derivative of vitamin B12, reconstituted into myoglobin was 

investigated for its efficacy in carbene transfer catalysis. 
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The electrochemical CO2 reduction reaction (CO2RR) attracts a lot of attention as a promising strategy for 

the conversion of waste CO2 to value added products. The molecular catalysts with redox-active ligands 

have shown the great activity to reduce CO2 selectively to single products. Moreover, the activity and 

selectivity of the catalysts can be tuned by modifying the ligand structures. In this presentation, we report 

our recent studies investigating CO2RR in acetonitrile using a series of Co complexes with the redox-active 

bis(pyridylmonoimine) ligands ([Co(BPMI)]: [Co(LL)], [Co(LcycL)], [Co(LCH2L)] and [Co(LCH2CH2L)]). In 

particular, we show that Co(BPMI) reduces CO2 to formate in acetonitrile solutions with low acid 

concentrations but shows poor stability upon catalytic turnover. However, addition of a proton source 

dramatically enhances the catalyst activity and stability, decreasing the rate of turnover-dependent 

decomposition and increasing the Faradaic efficiency for CO generation. In the presence of 11 M water in 

acetonitrile, [Co(LL)] reduces CO2 to CO with 100% Faradaic efficiency at -2.15 V vs. Fc/Fc+. Investigations 

into catalytic activity as a function of ligand structure show that more flexible ligands ([Co(LcycL)], 

[Co(LCH2L)] and [Co(LCH2CH2L)]) reduce CO2 with less negative onset potentials, but also decreased 

overall activity. Further electrochemical studies and DFT calculations are used to propose changes in 

catalytic mechanism as a function of ligand rigidity and planarity. These studies provide mechanistic 

insight into a new class of cobalt complexes that show promising activity for electrocatalytic CO2 

reduction. 
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We present a tetrahedral iron(II) complex with a nitrogen-based bidentate ligand that bears an appended 

boron Lewis acid in the secondary coordination sphere. The boron Lewis acid, 9-borabicyclo(3.3.1)nonane 

(BBN), was installed at varying lengths from the Fe-center: 1, 2, or 3 carbon atoms spacing this distance. 

The capture of small molecule hydrazine has shown to highlight differences in binding depending on this 

parameter; we were able to observe binding of N2H4 to boron in the case of a 3-carbon link but when this 

is shortened to two carbons there is binding at both boron and iron. of Subsequent activation of the 

hydrazine adducts indicates homolytic cleavage of N2H4 is achieved by the three-carbon system. This 

reduction chemistry is being extended to the other two systems to determine differences in reactivity that 

may arise from these observed changes in binding. Current investigations aim to quantify and compare 

binding affinities of varying small molecule geometries to these systems. 
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In organic synthesis, carbon nucleophiles serve as useful tools that can be added to various functional 

groups to build molecular complexity. Organosilanes represent unique carbon nucleophiles because of 

their high selectivity and mild reactivity. Currently, the most efficient methods for developing 

organosilanes utilize expensive heavy-metal catalysts like platinum and palladium and silylboranes that 

are expensive and air/water sensitive. Our methodology, alternatively, uses a copper metal catalyst and 

disilane silicon source. This research aims to develop catalytic silylations of aldehydes to produce the 

corresponding Î±-silyl alcohols. Attempts to characterize the product revealed the presence of a 

competing transformation, the Brook Rearrangement. A less electron-deficient disilane may decrease the 

likelihood of the Brook rearrangement and favor formation of the Î±-silyl alcohol. 
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Thermoelectric generators employ the use of semiconducting materials in order to convert waste heat 

into electricity through the Seebeck effect. Typically, these devices require the use of integrating together 

both p-type and n-type semiconductors for functionality However, a relatively recent phenomenon was 

discovered known as axis-dependent conduction polarity behavior, where holes and electrons are 

simultaneously conducted through a single crystal along orthogonal directions, can enable the creation of 

transverse thermoelectric devices. The layered Zintl phases NaSnAs and NaSnP are both predicted via 

density functional theory to have much larger hole mobility in the cross-plane direction and much larger 

electron mobilities along the in-plane direction.  Large, phase pure single crystals of these materials and 

their alloys (NaSnAs1-xPx, x = 0.1 â€“ 0.3) have been synthesized by a tin flux method, yielding single 

crystals of sizes up to 3.0 x 4.0 x 1.0 mm. The band gap of these materials were characterized by diffuse 

reflectance absorbance (DRA) spectroscopy, and range from 0.5 eV to 0.9 eV, increasing with phosphorus 

content. Temperature dependent Seebeck coefficients and resistivity indeed confirm axis-dependent 

conduction polarity in these materials. 
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While N-heterocyclic carbenes (NHCs) have been well-studied ligands for transition metal complexes, 

their group 14 analogues, which instead incorporate a phosphorus atom in the heterocycle, remain 

relatively unexplored in comparison.  In contrast to NHCs, N-heterocyclic phosphenium cations (NHP+s) 

are weak Ïƒ-donors and strong Ï€-acceptors, leading to different reactivity, properties, and potential 

applications.  Similar to nitrosyl ligands, NHPs are thought to interconvert between a phosphenium (NHP+) 

and a phosphido (NHP-) through a two-electron process, which may offer a new avenue to unique 

properties and coordination.  Incorporation of an NHP unit into the center of a rigid chelating pincer ligand 

and coordination to a nickel center has yielded a (PPClP)Ni(PMe3) complex, which can further be treated 

with a reagent acting as a hydride source to afford a new dimeric nickel complex [(PPHP)NiPMe3]2 in 

which the chloride bound to the central phosphorus is abstracted and a new P-H bond is installed.  

Structural characterization of this compound reveals an unprecedented structural motif in NHP 

coordination as the dimerization occurs through a P2N2 core of the two ligands, resulting in a bridging 

mode that does not involve the two transition metal centers or the hydride fragment.  Furthermore, an 

unusual Î¼2-H ligand bridging between the nickel center and the central phosphorus of the NHP unit is 

also observed in this structure.  Progress toward probing the electronic nature of the P-H bond and 

exploration of the novel coordination of the NHP framework will be discussed. 
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Low valent cobalt(I) complexes are an efficient catalyst in many organic transformations such as 

hydrofunctionalization, cross-coupling reaction, cycloadditions, and even C-H Activation. Recently, 

through a systematic study of activators and ligands, we have discovered low valent Co(I)-catalyzed 

enantioselective heterodimerization of linear 1,3-dienes with ethylene and acrylates. In these studies, 

cationic cobalt(I) has been invoked as an active catalyst to carry out the transformation. However, the 

synthesis and isolation of such active Co(I)-complexes which could give insight into of reaction’s 

mechanism, remains challenging. Herein, we disclosed an organic reductant, 1,4-bis(trimethylsilyl)-1,4-

dihydropyrazine, for the synthesis and isolation of Co(I)-complexes from air stable Co(II) precursors. These 

complexes have been characterized by the UV-Vis spectroscopy and X-ray crystallography. The X-ray 

crystal structures revealed the specific trend in solid state structure of such complexes as a function of 

steric bulk of the ligands. The comprehensive protocols for the synthesis of Co(I) complexes and its 

application in hydrovinylation, heterodimerization with acrylates, hydroboration, and hydroacylation of 

1,3-dienes will be discussed.    
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Light activated drugs are an important area of study designed to focus the cell damage only to the diseased 

area and limit the damage to healthy tissues. A class of compounds called photoCORMs (photoactivated 

CO-releasing molecules) offers the spatiotemporal controlled delivery of CO by irradiation with UV or 

visible light. The use of CO as a therapy is currently under investigation and may provide a route to 

overcome resistance some chemotherapies currently experience. The combination of CO with other 

cytotoxic species such as singlet oxygen has the potential to act synergistically to increase the toxicity 

towards cancer cells. Singlet oxygen has been shown to be produced by energy transfer from Ru(II) 

polypyridyl complexes in the excited state. A series of Ru(II),M(I) (M(I) = group(VII) metal) bimetallic 

complexes, [(bpy)2Ru(BL)M(CO)3(L)]n+ (where BL = tetrapyrido[3,2-a:2Ê¹,3â€™-c:3Ê¹Ê¹,2Ê¹Ê¹-

h:2Ê¹Ê¹Ê¹,3Ê¹Ê¹Ê¹-j]phenazine, M= Mn(I) or Re(I), L = Brâˆ’, Clâˆ’, or CH3CN) are compared in their ability to 

combine these two therapeutic agents through a photochemical release of a singlet oxygen producer, 

[Ru(bpy)2(BL)]2+, and release of CO from the M(I) component. Infrared spectroscopy was used to monitor 

the release of up to three equivalents of CO when exposed to visible light, while absorption spectroscopy 

was used to monitor the release of the ruthenium photosensitizer. The synthesis, characterization, and 

photoinduced ligand dissociation of the bimetallic complexes, and a discussion of the impact of the 

identity of M and L on the photophysical and photochemical properties, will be presented. 
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Metal-ligand cooperativity has emerged as a viable strategy for promoting ï•³-bond activation.  The ligand 

can participate in two potential ways, ligand-based redox activity or by direct ligand involvement in the 

ï•³-bond cleavage events, which eliminates the redox requirements of the metal center.  N-heterocyclic 

phosphenium/phosphido ligands (NHP) with chelating diphosphine sidearms can enforce coordination to 

metal centers while imparting stability on the resulting complex.  When incorporated in the tridentate 

framework (PPP) the NHP+ can be reduced to the anionic NHP- form, which can allow for ligand-based 

redox processes.  The metal-ligand cooperativity of the cobalt NHP complexes is explored through 

exploration of the rich redox profiles of the monomers and dimers and through the activation of various 

E-H bonds (E = H, O, S, B) across the metal-PNHP bond.  We have successfully been able to utilize our 

cobalt NHP complex for the catalytic hydroboration of alkenes at 1 mol % catalyst loading with a 

conversion of 95% in 60 mins, with a high selectivity for the linear product.  Our complex can also 

accomplish the hydrogenation of alkenes at 5 mol % catalyst loading with a conversion of 90% in 2 hours. 
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The ability to detect and specify trace concentrations of uranium in groundwater is crucial to addressing 

public health concerns associated with uranium in groundwater and restoring adversely impacted lands. 

Surface-enhanced Raman scattering (SERS) detection of trace concentrations of uranium on polymer mats 

has been previously reported using amidoximated-polyacrylonitrile (AO-PAN) mats and carboxylated gold 

nanostars, but a reproducible method of determining uranyl species in aqueous solution is still needed. 

In this project, we seek to utilize Aliquat 336 polyacrylonitrile (Alq-PAN) mats to isolate the original uranyl 

species from solution, followed by separation analysis at trace concentrations based on unique vibrational 

frequencies in SERS spectra with gold nanostars. To observe how efficiently Alq-PAN mats isolate and 

uptake negatively-charged uranyl species, we varied the uranyl-to-oxalate concentration ratios (5:50, 

5:100, 5:300) of the aqueous solution and incubated Alq-PAN mats within the aqueous solution. We 

hypothesize that increasing the number of oxalate ligands, or increasing the uranyl-to-oxalate 

concentration ratio, will increase the number of negatively-charged uranyl-oxalate species in solution, 

thus promoting uranyl uptake and SERS detection. Understanding the interaction between Aliquat and 

uranyl-oxalate complexes will allow us to extend the speciation analysis to other aqueous samples with 

different negatively-charged uranyl species, such as uranyl-carbonate or uranyl-phosphate. 
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Biological regulation of the radical chemistry of the signaling molecule nitric oxide (NOâ€¢) can be 

attributed in large part to the interplay between NOâ€¢, iron centers, and thiols. Both intracellular “labile 

iron” sources and heme iron centers are known to mediate the storage of NOâ€¢ in the form of S-

nitrosothiols. Additionally, the release of NOâ€¢ from S-nitrosothiols can also occur at biologically relevant 

iron centers. For example, the NOâ€¢ donating blood pressure medication sodium nitroprusside (SNP) 

[Na]2[Fe(CN)5NO] is thought to release NOâ€¢ via a transient Îº1-N S-nitrosothiol intermediate known as 

the “red product” (RP). Due to lack of structural evidence for such an intermediate, the mechanism and 

mode of coordination remain unclear. To further investigate NOâ€¢ release from S-nitrosothiols upon 

interaction with Fe, a high-spin FeII complex [PPN]2[FeII2Cl6] was synthesized. Using UV-Vis and IR 

spectroscopy, and single crystal X-ray diffraction, evidence was obtained for the coordination of a Îº1-S S-

nitrosothiol to the iron center. When [PPN]2[FeII2Cl6] was treated with S-nitroso-adamantanethiol 

(AdSNO), NOâ€¢ was released and formation of PPN[Cl3FeIIISAd] was observed. This complex 

subsequently decomposed to the {FeNO}7 complex PPN[Cl3FeNO], evidencing the preferential binding of 

free NOâ€¢ over â€¢SAd. However, upon reaction of [PPN]2[FeII2Cl6] with triphenylmethane S-

nitrosothiol (Ph3CSNO), a [2Fe-2S] cluster was formed as a decomposition product, further suggesting the 

release of NOâ€¢ from S-nitrosothiol likely proceeds through coordination of S atom. Our finding prompts 

us to reexamine the identity of RP using a synthetically modified SNP complex. 
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Carbon monoxide, in high dosage, is known as the â€œsilent killerâ€•. However, this molecule has 

medicinal applications upon controlled delivery to cancer cells in locally high dosage. One way to control 

the release of CO is through the use of photoCORMs (photoactivated CO releasing molecules) which are 

compounds that release CO upon irradiation. In this study, we have investigated the  impact of Br- (Ï€-

donating) versus pyridine (Ï€-accepting)  ancillary ligands on the photophysical properties and formation 

of photochemical intermediates in fac-[Mn(dmebpy)(CO)3Br] and fac-[Mn(dmebpy)(CO)3(py)](OTf)  

(dmebpy = 2,2'-bipyridyl-4,4'-dimethylester) complexes in coordinating solvent ACN (acetonitrile). The 

cyclic voltammetry and UV-vis data showed that the Ï€-donating Br Ì¶ ancillary ligand destabilizes the 

HOMO of fac-[Mn(dmebpy)(CO)3Br] complex by increasing the electron density on the Mn and thus shifts 

its absorbance to the longer wavelength compared to the analogous fac-[Mn(dmebpy)(CO)3(py)](OTf).  

The IR and NMR photolysis confirmed formation of three and two photochemical intermediates during 

470 nm  photolysis for Brâˆ’ and pyridine complexes, respectively. The identity of the ancillary ligand was 

found to control which CO ligand is exchanged in the first photochemical step. 
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Alkoxysilanes are powerful reagents and coupling partners, however they tend to suffer from low 

reactivity and poor benchtop stability.  This has also been a problem that plagued organoboranes, 

however, organoboranes can be easily converted to organotrifluoroborate salts which are highly reactive 

and benchtop stable.  Surprisingly, the analogous synthesis of organotetrafluorosilicates has not been 

developed, even though such a transformation should impart the same improvements in both stability 

and reactivity.  Here, we present an accessible synthesis of ammonium organotetrafluorosilicates from 

trialkoxysilanes.  The pentacoordinate tetrafluorosilcate should exhibit significantly different reactivity 

compared to neutral, tetracoordinate silanes.  The optimization of the reaction, as well as the substrate 

scope will be discussed.  Additionally, preliminary investigations into new transformations with 

tetrafluorosilicates will also be discussed. 
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Because of the high toxicity and health hazard to humans and animals, minimizing heavy metals (HMs) in 

the environment to an acceptable level is of prime concern. The treatment of drinking water is essential 

due to high contamination of metals entering water sources from unsafe industrialization and urban 

waste. Despite much research for reducing HMs from environmental water, scientists are deeply focused 

on finding the best analysis and removal techniques in an economical way. The objective of this project is 

to develop a modified electrode to extract HMs from aqueous samples. Our lab has recently synthesized 

N-functionalized monomers which demonstrate excellent extraction properties. N-functionalized 

monomers will be electropolymerized on the surface of pencil lead to create a polymer film on the surface 

which will extract HMs by chelation. The extracted metals will be detected by differential pulse 

voltammetry (DPV) and quantified by cathodic stripping voltammetry, which is more economical and 

easier to use as compared to other instrumental techniques. Many chemical and physical parameters 

were studied in order to optimize the extraction of HMs. The preparation and characterization of the 

modified electrode for the extraction will be presented. 
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LnIII[12-MCGa(III)N(shi/eshi)-4] metallacrowns (12-MC-4) and the dimeric form with isopthalate (iph2-) 

linkers (shi3-= salicylhydroxamate, eshi3- =4- ethynylsalicylhydroxamate), exhibit characteristic LnIII 

visible and near- infrared (NIR) emission.1,2 We have previously functionalized these molecules by adding 

ethyne groups that allow for CuAAC (copper catalyzed azide-alkye cycloaddition) chemistry.3 Herein we 

report the functionalization of dimeric 12-MC-4 metallacrowns with biotin through CuAAC. Conjugation 

with one or more biotins does not significantly alter the absorption or luminescence of the underlying MC 

and the MC-biotin complex binds streptavidin with similar affinity to biotin alone (Kd=10-15). 

Immunoassays with the biotinylated MC demonstrate specific binding to streptavidin and minimal non-

specific binding to other proteins such as bovine serum albumin and collagen. Additionally, a comparison 

with the MTT (3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) dye, a common marker 

used in cell viability assays, shows the MC-biotin complex exhibits more intense emission across low cell 

counts. Together these results demonstrate that 12-MC-4 metallacrowns conjugated to biotin retain both 

the photophysical properties of the parent metallacrowns and binding affinity of the appended group. 

The biofunctionalization of the metallacrown could be extended to other biomolecules such as antibodies 

for future work in vivo or with ELISA (enzyme-linked immunosorbent assay). 
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Metal-insulator transitions have been an important realm in condensed research as they often give rise 

to exotic properties due to the complex orderings in their spins, charges, and orbitals. Sr1-xCaxPdAs is an 

unexplored materials system that we expect has a complex structural phase diagram as a function of 

stoichiometry and temperature. At room temperature SrPdAs is metallic and crystallizes into an 

undistorted hexagonal layered honeycomb structure. In CaPdAs, the Pd-As honeycombs heavily distort to 

form 3-center Pd-Pd-Pd bonds to overcome this electronic instability, causing a change from hexagonal 

to orthorhombic space group, and becomes a semiconductor. This transition occurs by varying the 

stoichiometric amounts of calcium and strontium in Sr1-xCaxPdAs and new properties may arise at the 

transition point where it switches from a metal to an insulator.  Here we developed the synthesis of Sr1-

xCaxPdAs, where 0<x<1.  While we confirmed that SrPdAs is metallic down to 2K, we show that for x >1/2, 

the sample crystallizes into a Pnma space group at room temperature. This suggests that temperature 

dependent metal to insulator transitions are likely to occur between Sr2/3Ca1/3PdAs and 

Sr1/2Ca1/2PdAs. Further exploration where x<1/2 may lead to more complex temperature and structural 

dependent phenomena. 
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A major challenge in developing many new pharmaceuticals is drug delivery. Many drugs that display high 

activity are lipophilic; however, to deliver these molecules, they must also be hydrophilic. Through the 

use of cyclic chlorophosphazenes the aqueous solubility of hydrophobic pharmaceuticals can be increased 

to make the drug delivery more efficient. We have previously synthesized a hydrophilic phosphazene-

based system by substituting three equivalents of tetraethyleneglycol monomethyl ether (TEGME) onto 

the phosphazene trimer ring ([PClâ‚‚N]â‚ƒ). By substituting TEGME onto the phosphazenes, it creates a 

water soluble delivery system that can still be further substituted with imaging agents, anti-cancer agents, 

and targeting moieties. We are currently exploring the effectiveness of substituting targeting moieties 

(triphenylphosphonium cations) to the previously synthesized phosphazene system. 

Triphenylphosphonium-based compounds have displayed efficacy in targeting the mitochondria of cancer 

cells. When triphenylphosphonium cations are substituted onto the cyclophosphazene system the 

effectiveness of the compounds may increase.  Currently, we are investigating the use of 3-(4-

hydroxyphenyl)-1-propanol as a linker between the phosphazene drug delivery system and the 

triphenylphosphonium moiety.  Preliminary results indicate the phosphazene ring can be fully substituted 

with 3-(4-hydroxyphenyl)-1-propanol.  The results of this study were characterized via multi-nuclear NMR 

studies. 
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A lanthanum-based N,N-dimethylbenzylamine complex was used as a precatalyst for the 

hydrophosphinylation of alkenes and alkynes, giving high chemo-, regio- and stereoselectivity. In the 

hydrophosphinylation of alkenes, only the anti-Markovnikov products were isolated yielding Î²-

arylphosphine oxides in moderate to good yields. With alkynes, the chemoselectivity depended on the 

nature of the alkyne. Terminal alkynes gave only 1,2-double addition products in good to excellent yields, 

while both single and double addition products could be isolated when using internal alkynes. The single 

addition products resulting from internal alkynes showed high regio- and stereoselectivity, as only the 

anti-Markovnikov products were isolated with almost exclusive production of the E isomer. Both single 

and double addition products were isolated in moderate to good yields. 
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Development of Tetrathiafulvalene Fused N-Heterocyclic Carbene Compounds 
 

William Robinson 

Wright State University 

Adviser: Kuppuswamy Arumugam 

Tetriathiafulvalenes (TTF) compounds are versatile compounds which undergo multiple, reversible 

oxidations and reductions creating great redox activity. Utilizing phosphite mediated coupling chemistry, 

the successful synthesis of the precursor ligand has been achieved. This project seeks to bind this ligand 

to a metal core and analyze the catalytic, electrochemical and optical properties of the TTF-metal complex. 

  



Poster 93 

Varying substituent positions of Re(I)-phenanthroline complexes to impact electrocatalytic CO2 
reduction 

 

Sarah Roell, Travis White 

Ohio University 

Adviser: Travis White 

There has been a drastic global increase in atmospheric carbon dioxide (CO2) due to increased fossil fuel 

emissions. Studying techniques to convert excess atmospheric CO2 to carbon monoxide (CO) is appealing 

because this could lead to effective use of liquid fuels. Liquid fuel creation is accomplished as CO is used 

as a feedstock, in conjunction with H2, through Fischer-Tropsch chemistry. Rhenium is commonly used 

when studying electrocatalytic reduction because it can effectively and selectively reduce CO2 to CO. Re(I) 

electrocatalysts can be synthetically modified to enhance CO2 reduction by introducing local proton 

sources that create hydrogen bonding associations near the active site. Studies have shown that transition 

metal molecular catalysts with these characteristics can efficiently convert CO2 to CO using various 

electrochemical methods. Synthetic modification of electrocatalysts gives support as to how electronics 

and structural components effect the local environment of an active site. The worked presented illustrates 

how isolating methoxy substituents at the ortho, meta, or para positions around the Re(I) active site 

optimize electrocatalytic reduction of CO2 to CO. 
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Multi-Electron Redox Chemistry with Thorium(IV) Iminoquinone Complexes 
 

D. M. Ramitha Y. P. Rupasinghe, Makayla Baxter, Matthias Zeller, and Suzanne C. Bart 

Purdue University 

Adviser: Suzanne Bart 

Thorium complexes primarily exist in the thermodynamically stable (IV) oxidation state with only a few 

low-valent thorium(III) complexes having been isolated. As a result, redox chemistry with thorium at the 

metal center is challenging without carefully designed ligand environments. This redox-restricted nature 

of thorium(IV) makes redox-active ligands an attractive option to facilitate multi-electron redox chemistry 

with thorium. In this work, a series of thorium(IV) complexes featuring the redox-active iminoquinone 

ligand and its derivatives, including the iminosemiquinone and amidophenolate species, were 

synthesized. Spectroscopic and structural characterization of each derivative established the +4 oxidation 

state for thorium with redox chemistry occurring on the ligand. Further spectroscopy, including SQUID, is 

underway. Reactivity studies of the isolated complexes with azides and chalcogens are also ongoing. 
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Investigating aniline-based electron donors used for the photocatalytic production of hydrogen 
 

Sima Saeedi and Travis A. White 

Ohio University 

Adviser: Travis White 

Solar-driven water reduction is an attractive method to produce hydrogen gas, a clean and sustainable 

energy carrier. A typical three-component, homogeneous photosystem for studying water reduction 

consists of a photosensitizer to absorb light, a water reduction catalyst for accumulating electrons and 

generating hydrogen, and a sacrificial electron donor to regenerate the catalytic cycle. Our group has 

recently studied and modified a photosystem which exploits heteroleptic diimine-diphosphine Cu(I) 

complexes as a photosensitizer and Rh(III) compounds as a water reduction catalyst. The heteroleptic Cu(I) 

photosensitizers are used due to their visible light-absorbing properties and Rh(III) catalysts are known 

for their robustness and high catalytic efficiencies. However, the sacrificial electron donor is another 

significant component of this photosystem and better understanding its contributions towards the water 

reduction process is important.  In this work, hydrogen production using dimethyl aniline (DMA) as an 

electron donor has been investigated and compared to the structurally similar dimethyl toluidine (DMT) 

electron donor. Substituting the methyl groups at the ortho, meta or para positions and replacing it by 

more electron donating/withdrawing groups at para position, will provide information regarding steric 

and/or electronic influences. For this study, electrochemical and spectroscopic methods have been 

utilized to investigate the impact of electron donor on photoinduced electron transfer processes driving 

the photocatalytic production of hydrogen. 
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Synthesis of BODIPY-dyes through aerobic oxidation of bulky dipyrromethanes 
 

Fatemah Saleh, Christopher G. Gianopolis, Mark R. Mason 

The University of Toledo 

Adviser: Mark Mason 

Dipyrromethenes have been in the center of attention due to their roles as precursors to porphyrins, 

BODIPY dyes and also deprotonated dipyrromethenes can complex with main group and transition metals 

as mono-anionic bidentate ligands. Synthesizing symmetrical dipyrromethenes require oxidation of 

dipyrromethanes. 
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Development of a solution-stable metallacrown nanocapsule 
 

Bernadette Schneider and Vincent L. Pecoraro 

University of Michigan 

Adviser: Vincent Pecoraro 

The class of amphipathic selective anion recognition agents known as 15-MC-5 metallacrowns (e.g., 

Sm(NO3)3[15-MCCuIIN(L-pheHA)-5]) is under investigation in the interest of supramolecular catalysis to 

develop a solution-stable dimeric nanocapsule. Previous work by our group and collaborators shows that 

the formation of a hydrophobic cavity, which originally was observed crystallographically (1), only occurs 

in solution in the presence of a guest species of appropriate length and chemical properties suitable to 

template dimerization of the metallacrown host (2). To establish a predisposition for the assembly of the 

hydrophobic pocket in aqueous solution in the absence of a guest, new ethyne and azide functionalized 

hydroximate ligands have been developed that can be used to link two metallacrowns together covalently 

via a pair of opposing ligands.  Synthesis of singly functionalized MCs (with one of the five ligands 

containing a functional group handle) is followed by copper-catalyzed click chemistry to form a dimer, 

which has been observed by mass spectrometry. These new functional group capabilities have the 

potential to connect a hydrophobic binding site to another macromolecule, catalytic agent, or surface.   

(1) A. Cutland, et al. JACS, 2001, 123, 6211-6212. (2) C. Sgarlata, et al., Inorg. Chem. 2017, 56, 4771-4774. 
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Facial Rhenium Tricarbonyl Complexes with Bis(arylimino)isoindoline Ligands 
 

Briana Schrage, Rick Herrick, and Chris Ziegler 
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Adviser: Chris Ziegler 

The chemistry of bis(arylimino)isoindoline (BAI) ligands, and their transition metal complexes have been 

widely explored for their use as catalysts, and photoactive materials.  These planar BAI ligands tend to 

bind to metals in a meridional coordination mode.  Rhenium(I) tricarbonyl complexes prefer a facial 

coordination geometry, and no BAI complexes of Re(I) have been reported in the literature.  In this work, 

we present the synthesis of a series of three ReCO3(BAI) complexes where the ligand binds in a facial 

coordination mode.  The resultant compounds been fully characterized, including by single crystal X-ray 

diffraction. 

  



Poster 99 

Secondary-sphere -CF2H hydrogen bonding 
 

James P. Shanahan, Danielle M. Mullis, Matthias Zeller, and Nathaniel K. Szymczak 

University of Michigan 

Adviser: Nathaniel Szymczak 

Ligand scaffolds incorporating the -CF2H functional group demonstrate hydrogen bonding interactions to 

metal bound substrates. Characterization via NMR, IR and DFT inform on their interaction strength (â‰¤ 

4 kcal/mol). A suite of metal based reactions highlight the base and reductant compatibility of the CF2H 

hydrogen bond donor in contrast to traditional -OH or -NH hydrogen bond donors. 
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Improvements on the Synthesis of a Bis(phosphinoamide) Zirconium/Cobalt Complex 
 

Joshua A. Shoopman, Kathryn M. Gramigna, T. V. Rajanbabu, and Christine M. Thomas 

The Ohio State University 

Adviser: Christine Thomas 

A phosphinoamide scaffold can be used to bring Lewis acidic early transition metals and electron-rich late 

transition metals into close proximity, resulting in polar metal-metal bonds. The synthesis of a 

bis(phosphinoamide) zirconium/cobalt complex has been markedly improved upon, with decreases in the 

number of steps, decreases in the amounts of unwanted side products, increases in scalability, and 

increases in overall yield. The factors limiting the previous synthesis, such as solvent effects, have been 

explored and will be discussed. 
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Pyrrole-based Chelating Polymers for Quantification, Extraction and Recovery of Metals from Aqueous 
Media 

 

Govind Sharma Shyam Sunder, Ahmad Rohanifar, Niloofar Alipourasiabi, Joseph G. Lawrence, and Jon R. 

Kirchhoff 

The University of Toledo 

Adviser: Jon Kirchhoff 

The occurrence of heavy metals in environmental waters is a major concern due to their toxicity to human 

and aquatic life. Thus, their determination and removal is of great importance. In this work, a new sorbent 

material based on N-functionalization of pyrrole with carbon disulfide (Py-CS2) followed by chemical 

polymerization produced a granular, air stable, black powdered poly (pyrrole-1-carbodithioic acid) (PPy-

CS2). Scanning electron microscopy, FTIR and energy-dispersive X-ray spectroscopy were used for 

characterization of the sorbent particles. The PPy-CS2 sorbent was utilized for ultrasound assisted 

dispersive micro solid-phase extraction (UAD-ÂµSPE) of heavy metal ions from aqueous solution. 

Inductively coupled plasmaâ€“mass spectrometry (ICP-MS) was then applied for the quantitative trace 

determination of each metal. The effect of various experimental parameters including pH, extraction time, 

and flow rate of the desorption solution were examined to optimize experimental conditions. Excellent 

removal and recovery of Cd(II), Co(II), Cu(II), Ni(II), Pb(II), and Zn(II) were achieved and compared to 

unfunctionalized polypyrrole (PPy), which demonstrated extraction resulted from chelation of the metal 

ions. Finally, the method was successfully applied for determination of metal ions in aqueous solution and 

a certified reference standard for trace metals in drinking water. 
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Effect of Metal Ion Solubility on the Oxidative Assembly of Metal Sulfide Quantum Dots (QDs) 
 

Karunamuni L. Silva, Leenah Silmi, and Stephanie L. Brock 

Wayne State University 

Adviser: Stephanie Brock 

Oxidative gelation enables the assembly of multi-component nanocrystal (NC) systems to achieve 

improved activity in applications enabling the degree of mixing can be well controlled. The opportunity 

lies in the ability to independently tune the kinetics of the different components so that they are similar 

(leading to well-mixed systems) or different (enabling gradient or phase-segregated composites) using a 

wide range of variables; the challenge lies in understanding those variables and how their interplay affects 

the overall kinetics. In this work we hypothesize that the identity of the cation in the sulfide matrix (M = 

Cd2+ vs. Zn2+) plays a large role in the kinetics of assembly of QDs because the removal of surface metal 

ions is a key step in the formation of chalcogenide bonds, attributed to differences in solubility. To test 

this hypothesis, NCs were synthesized, characterized using Powder X-Ray Diffraction (PXRD) and 

Transmission Electron Microscopy (TEM) and analyzed using Time Resolved Dynamic Light Scattering (TR-

DLS). 
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Comparison between YfeX and Myoglobin as Catalyst for Carbene Insertion Reactions 
 

Victor Sosa and Nicolai Lehnert 

University of Michigan 

Adviser: Nicolai Lehnert 

Transition metal-catalyzed carbene transfer reactions offer a new synthetic route for the generation of 

hard to synthesize carbon-carbon or carbon-nitrogen bonds. Previous work performed by our laboratory 

focused on engineering myoglobin (Mb) for carbene insertion reactions. YfeX, a novel heme protein, is 

investigated for carbene insertion reactions, and it is shown to be more robust than wild-type myoglobin 

for N-H insertion. Furthermore, YfeX heme substitution with ruthenium mesoporphyrin IX (RuMpIX) 

shows similar stability to that of RuMb during Ru-carbene formation. The nature and yield of products 

and catalytic conditions were analyzed using gas chromatography-mass spectroscopy (GC-MS) and UV-

visible spectroscopy. 
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New Dual Active Ru(II) Polypyridyl Complexes for Photochemotherapy 
 

Sean Steinke, Sandeep Nadella, Dr. Jeremy Kodano, and Claudia Turro 

The Ohio State University 

Adviser: Claudia Turro 

Ru(II) polypyridyl complexes are capable of dual activity, treating cancer through the photoinduced 

release of a drug and the production of cytotoxic singlet oxygen following visible light irradiation, due to 

accessible ligand field excited states and long-lived 3Ï€Ï€* excited states. New complexes 

[Ru(tpy)(Me2dppnAr2)(py)](PF6)2, (tpy = terpyridine; Me2dppnAr2 = 3,6-dimethyl-10,15-Ar2-

benzo[i]dipyrido[3,2-a:2â€²,3â€²-c]phenazine [Ar = phenyl (1); 2, 4-dimethylphenyl (2); 2, 4-

dimethoxyphenyl (3)]; py = pyridine) were synthesized and characterized for their photochemical and 

therapeutically relevant biological properties. Photochemical studies demonstrated complexes 1 â€“ 3 

undergo ligand exchange following visible light irradiation and nanosecond transient absorption 

spectroscopy confirmed the formation of long-lived 3Ï€Ï€* excited states which facilitated the production 

of singlet oxygen at high efficiencies. Biological studies show complexes 1 â€“ 3 interact with DNA and are 

capable of damaging DNA following â‰¥ 395 nm irradiation. These results demonstrate the suitability of 

these new complexes for dual active therapies and provide a model for modifications to ligands possessing 

extended Ï€-systems for improved photochemotherapeutic activity. 
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Development of New Fatty Acid-Like Platinum-Based Cancer Therapy 
 

Morgan Stilgenbauer 

Kent State University 

Adviser: Yaorong Zheng 

Ovarian cancer is the leading cause of death from gynecological cancers and the fifth leading cause of 

cancer death in women in the United States.  The first line of therapy often implemented is platinum 

drugs; however data shows that 70% of patients treated by this method develop resistance to the drugs 

after 18 months, and ultimately succumb to the cancer in 5 years.  A current method of treatment, 

cisplatin, is a small platinum (Pt) molecule that enters the cell via passive diffusion and targets nuclear 

DNA.  Due to the increased activity of repair mechanisms in cancer cells, cisplatin’s mechanism to induce 

apoptosis is often overcome, and cancer cells subsequently develop chemoresistance.  In an effort to 

eliminate drug resistance, cationic lipophilic anticancer agents have been designed to mimic fatty acids 

for uptake via CD36 and then target mitochondria in order to eliminate resistant cancer stem cells (CSCs).  

Prodrugs have been synthesized containing a Pt(IV) center and lipophilic and cationic head groups.  Cell 

studies have been done to test new Pt(IV) prodrugs’ mechanism of uptake via CD36, damage to 

mitochondria, and relationship to chemoresistance.  By investigating these areas, information will be seen 

as to how lipophilic Pt(IV) prodrugs enter the cell and the potential to reduce drug resistance. 
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Synthesis of complex FeCo1-xNixP nanoparticles: predictive insights from relative reactivity of binary 
and ternary systems 

 

Tepora P. Su'a, Mikaylah N. Poli, and Stephanie L. Brock 

Wayne State University 

Adviser: Yaorong Zheng 

Materials that reduce energy consumption or generate renewable energy is a rich field of research. Due 

to their diverse functionality, bulk transition metal pnictides (group 15) are a promising class of materials 

to evaluate for sustainable energy applications in these research areas i.e. magnetic refrigeration and 

catalysis for water splitting. However, on the nanoscale these systems lack a holistic understanding of how 

individual contributors, such as metal precursor reactivity and their behavior in particular synthetic 

environments, affect the formation of desired products. In order to expand our toolbox for preparing 

complex transition metal phosphide nanoparticles, we seek to evaluate phosphidation rates as a function 

of temperature and time in binary (M2P; M=Fe, Co, Ni) and ternary (M2-xMâ€™xP; M,Mâ€™=Fe, Co, Ni)  

metal phosphide systems using various zero-valent metal carbonyl and di/tri-valent acetylacetonate salt 

precursors. These relative reactivity studies are critical to predicatively determining the optimal synthetic 

routes to complex, FeCo1-xNixP quaternary phases. 
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Fluorinated Probes for Europium-Based Magnetic Resonance Imaging 
 

S. A. Amali S. Subasinghe, Jonathan Romero, Jason Yustein, Robia G. Pautler, and Matthew J. Allen 

Wayne State University 

Adviser: Matthew Allen 

Fluorinated probes for magnetic resonance imaging (MRI) are useful in generating images inside living 

organisms with no observable background signal. One of the major limitations of current MRI technology 

is that the necessity to know the concentration of the contrast agent. A recent report describing a 

concentration-independent fluorinated EuII-based redox-active multimodal contrast agent for MRI 

inspired us to synthesize europium-based complexes containing different amounts of fluorine atoms to 

find the ability to measure hypoxia. With a series of agents, we developed a hypoxia index by mixing 

reduced and oxidized samples of the contrast agent and measuring T1 and the number of fluorine atoms. 

We expect that ratiometric probes will enable mapping of hypoxic regions of tumors independent from 

the concentration of the probes. I will present the synthesis and characterization of divalent- and trivalent- 

europium-based complexes having different number of fluorine atoms and measurement of their hypoxia 

indices. Ratiometric imaging studies have been performed for some of the complexes. Preliminary results 

indicate that the probes will enable mapping of hypoxic regions without knowledge of the concentration 

of the contrast agent. In combination with hypoxia index and fluorous interactions, we assume that 

fluorinated MRI probes will contribute to build a new platform to improve imaging of hypoxia. 
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Synthesis of RubidiumAlkaline Earth Trifluoroacetates: Single-Source Precursors for Mixed-Metal 
Fluorides 

 

Regina G. Szlag, Leopoldo Suescun, Dulani Dhanaphala, and Federico A. Rabuffetti 

Wayne State University 
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Bimetallic trifluoroacetates act as self-fluorinating single-source precursors for mixed-metal fluorides. In 

this study, we report the synthesis of Rbâ€“alkaline earth (Mg, Ca, Sr) bimetallic trifluoroacetates using a 

low-temperature evaporation method. Crystal structures of Rb2Mg2(tfa)6(tfaH)2Â·3H2O, RbCa(tfa)3, and 

RbSr2(tfa)5 (tfa = trifluoroacetate) are solved using single-crystal X-ray diffraction (XRD). XRD suggests 

that fluorinated monocarboxylates are capable of bridging two metal centers and afford extended 

inorganic hybrids in a unique classification proposed by Cheetham et al. Thermal analyses and Rietveld 

analysis of powder XRD patterns confirm the chemical purity of the precursors. RbMgF3 decomposes in 

both the solid-state and solution-phase to give crystalline, single-phase hexagonal RbMgF3. 

Decomposition in solution yields cubic RbMgF3. Upon heating the solution-phase decomposed RbMgF3 a 

phase change from cubic to hexagonal is observed. RbCaF3 decomposes in the solid state to yield 

crystalline, single-phase RbCaF3. Evolved gas analysis reveals the mechanism of the formation of RbCaF3. 

Our work has contributed to the expansion of the limited library of fluorinated single-source precursors 

and provided insight regarding the formation of the mixed-metal fluorides. 
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Halide Directed Synthesis of an In-derived Metal-organic Framework with Two Unique Metal Centers 
and Isolation of its Potential Synthetic Precursor 

 

Joseph J. Mihaly, Caleb J. Tatebe, Naseem Amirmokhtari, Marisa J. DeSanto, Matthias Zeller, and 

Douglas T. Genna 

Youngstown State University 

Adviser: Douglas Genna 

The mechanism of formation of metal-organic frameworks (MOFs) is an emerging field, where each new 

discovery propels the field forward. Often studies focus on studying nucleation events with advanced 

spectroscopy and microscopy techniques. Efforts to synthetically understand the molecular intermediates 

involved and their role in self-assembly are less common. Herein we report the syn-thesis of a new MOF, 

YCM-41 (YCM = Youngstown Crystalline Material) that contains two different In-nodes; one the standard 

[In(CO2R)4]- and the second of [In(CO2R)3Cl]-. We hypothesize that the [In(CO2R)3Cl]- is a mechanistic 

intermediate in the synthesis of [In(CO2R)4]-. Additionally, we report the isolation of 1-D coordination 

polymer, YCM-42, containing the previously unre-ported [In(CO2R)2Â¬Cl2]- building unit. The 1-D 

herringbone structure of YCM-42 can be found in YCM-41. Lastly, attempts to syn-thesis isoreticular 

version of these structures led to the synthesis of 1-D coordination polymer YCM-51, which contains a 

[In(CO2R)2Cl2F]2- center. 
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Stereoselective Synthesis of 2,3-Diamino-2,3-dideoxy-Î²-D-mannopyranosyl Uronates Existing in 
Various Bacterial Capsular Polysaccharides 
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2,3-Diamino-2,3-dideoxy-Î²-mannuronic acids are the important constituents of various bacterial capsular 

polysaccharides. Stereoselective synthesis 2,3-diamino-2,3-dideoxy- Î² -mannuronic acids is a challenging 

task in the field of carbohydrate chemistry because of both anomeric effect and neighboring group 

participation (NGP) or steric effect of C2 axial substituent both favor the formation of Î± isomer. Several 

efforts were made in the past to develop a protocol for the stereoselective synthesis of this class of Î² -

mannosamine and prominent success was achieved. However, an ideal protocol for the synthesis of Î²-

mannosides and Î²-mannosamine yet to be developed. In the current research, we attempt to develop a 

robust methodology for the stereoselective synthesis of 2,3-diamino-2,3-dideoxy-Î²-mannosides via 

Cs2CO3-mediated anomeric O-alkylation.  We synthesized 2,3-diazido-2,3-dideoxy-Î²-mannose donor, 

mannose-derived cyclic urea lactol donor and C3 N-benzyl protected lactol donor and their reactivity were 

studied with the different acceptor. In our preliminary results, C3 N-benzyl protected lactol donor is found 

to be effective over the remaining two other donors during glycosylation. 
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Utilizing cyclic oligomeric phosphazenes as a drug delivery system 
 

Evan G. Thomae and Nicholas A. Johnson 

Ashland University 
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Many highly active pharmaceuticals are largely lipophilic, which poses a challenge in drug delivery. Some 

of these problems can be bypassed through the use of oligomeric phosphazene rings, specifically 

hexachlorophosphazene trimer ([PCl2N]3), as a drug delivery system. Phosphazenes possess many 

properties that make them highly desirable candidates for drug delivery applications. Phosphazene rings 

themselves are inexpensive and easy synthetic targets, and the ease of substitution of phosphazene rings 

make them more versatile and modifiable. Tetraethyleneglycol monomethyl ether (TEGME) can be 

substituted onto the cyclophosphazene increasing the hydrophilicity of the ring system, while still leaving 

sites for further modifications. The remaining sites can be substituted with highly lipophilic drugs, such as 

imidazoles. Imidazoles have shown to be effective as anti-microbial and anti-cancer agents; however, they 

suffer from lowered solubility. The previously synthesized phosphazene system can be used to enhance 

the solubility of imidazoles, making them a viable drug candidate. Preliminary results show that the 

substitution of imidazoles onto the ring is possible. Compounds from this study have been characterized 

via multi-nuclear NMR, IR, and mass spectrometry. 
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Investigation of a Zr/Co Heterobimetallic Complex Toward the Activation and Catalytic 
Functionalization of Organic Molecules 

 

Canning Wang, Jeffrey W. Beattie, and Christine M. Thomas 
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Transition metal catalysts have a variety of applications in industry ranging from pharmaceutical synthesis 

to the energy industry. Many commonly used catalysts utilize precious transition metals; however, these 

are expensive and scarce in the Earth’s crust, creating the need to develop catalysts capable of performing 

the same reactions as the precious metals, yet containing more abundant and inexpensive transitional 

metals. Towards this goal, we present a Zr/Co heterobimetallic complex featuring a tris(phosphinoamide) 

ligand system. This complex has been shown to activate C=O bonds across the Zr/Co bond, bind and 

activate O2, and form highly reactive Zr-oxo complexes. Herein, we will present studies toward the 

development of our Zr/Co complex as a catalyst for the activation and functionalization of C-H bonds in 

organic substrates. 
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Modelling Flavodiiron Nitric Oxide Reductases: Mechanisms of N-N coupling 
 

Corey J. White and Nicolai Lehnert 
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Flavodiiron nitric oxide reductases (FNORs) are a subclass of flavodiiron proteins (FDPs) capable of 

preferential binding and reduction of NO to N2O. FNORs are found in certain pathogenic bacteria, 

equipping them with resistance to nitrosative stress, generated as a part of the immune defense in 

humans. Despite the significance of these enzymes in bacterial pathogenesis, the mechanism of NO 

reduction is not unambiguously defined. The complex [Fe2(BPMP)(OPr)(NO)2](OTf)2 was synthesized as 

a model for FNORs, and its NO reduction was spectroscopically characterized. Using UV-Vis spectroscopy, 

cyclic voltammetry, and spectro-electrochemistry, we show that one reductive equivalent is in fact 

sufficient for the quantitative generation of N2O, following a semi-reduced reaction mechanism. This 

reaction is very efficient and produces N2O with a first order rate constant k > 102 s-1. This reaction 

proceeds at -80oC, allowing for the direct observation of the mixed-valent product of the reaction. 
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Copper-Catalyzed Synthesis of Acylsilanes 
 

Jake Wilkinson, Travis Reiner, and Ryan Van Hoveln 

Indiana State University 

Adviser: Ryan Van Hoveln 

Intermediate functional groups are powerful tools in organic synthesis, serving as waypoints to build 

complexity. Silanes are useful intermediate functional groups because they exhibit mild reactivity and high 

functional group compatibility. Current methods for synthesizing silanes are expensive and/or air and 

water sensitive. Our proposed solution to these issues is to use disilanes as the silicon source and copper 

as the catalyst. This research focuses on the synthesis of acylsilanes while attempting to circumvent toxic, 

dangerous, and expensive reagents used in current methods. Two methods are proposed: the first 

involves the oxidation of an Î±-silyl alcohol and the second involves substitution using a carbonic 

anhydride. Progress and challenges of these methods will be discussed further. 
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Synthesis and reactivity of novel hydrogen-bonded nickel-fluoride complexes 
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Nickel(I) is often implicated in small molecule activation or coupling reactions that can further react to 

form nickel(II) or nickel(III) species. These low valent species are particularly interesting due to their 

reactivity compared to higher valent species, particularly in biological systems, and their ability to act as 

one or two electron donor species. Here we demonstrate the isolation, characterization, and initial 

reactivity of a nickel(II) complex, featuring hydrogen bonds to fluoride. Reduction of this nickel(II) species 

results in formation of a dark blue complex which has been structurally and spectroscopically 

characterized and preliminarily identified as a new nickel(I)-fluoride complex. Initial reactivity studies of 

this new complex are in progress. 
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Aerobic Copper-Catalyzed Alkene Oxyamination for Amino Lactone Synthesis 
 

Fan Wu, Scott Stewart, Jeewani Poornima Ariyarathna and Wei Li 
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A convenient alkene oxyamination compatible with a wide range of alkenoic acids and electron-rich 

amines is accomplished via aerobic copper catalysis. The synthetic value of this protocol is highlighted 

with the stereoselective formation of complex amino lactone products. In addition, product 

derivatizations to privileged nitrogen heterocycles have also been demonstrated via simple reduction 

methods. The reaction is proposed to proceed through a copper-catalyzed iodolactonization process. 
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Synthesis, Characterization and DFT Calculations of Ruthnium(III) Heterocyclic-Substituted 
Oligophosphazenes Complexes 
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Polyphosphazenes are a group of chemicals with nitrogen and phosphorus backbones and they have wide 

applications in different areas. With amino or mixed amino/alkoxy substituents, phosphazenes have 

shown great biodegradability and bioaccessibility hence are considered as potential candidates for drug 

delivery. The objective of this project is to synthesize and characterize heterocyclic-substituted 

polyphosphazenes â€“ Ru(III) complexes. The target products should be able to release functional 

ruthenium complexes by cleaving P-N or P-O side bonds for biomedical applications. Model studies have 

been done on oligomers to avoid consuming expensive polymers: cyclochlorophosphazene trimer and 

tetramer ([PCl2N]3 and [PCl2N]4) have been completely substituted with heterocyclic rings, followed by 

a treatment with different Ru(III) precursors such as (dmso2H)[trans-RuCl4(dmso-S)2]. The structure and 

the hydrolytic stability of substituted phosphazenes and their metal derivative have been examined by a 

variety of instrumental analyses including 31P NMR, 1H NMR, IR and UV-vis, mass spectrometry and single 

crystal X-ray diffraction. Additionally, DFT calculations have been run on the metal complexes to have a 

better understanding of the reaction mechanism as well as the interactions between substituted 

phosphazene and Ru(III).     
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Adviser: Yujie Sun 

2,5-Diformylfuran (DFF) is an important compound that could be used for the production of various 

polymers. A known way for the synthesis of DFF is the oxidation of 5-hydroxymethylfurfural (HMF) to DFF. 

However, under most oxidation condition, the oxidation of hydroxyl group in HMF proceeds much slower 

than that of aldehyde group, which leading to the formation of 2,5-furandicarboxylic acid (FDCA) as main 

oxidation products. To address this challenge, a two-phase system consisting of a chloroform and aqueous 

solution containing 0.5 M sulfuric acid was developed. Since HMF is more water soluble than DFF, and the 

generated DFF during long term electrolysis could be easily isolated from aqueous solution to organic 

phase. In this context, the conversion and selectivity of HMF oxidation process could be accelerated. The 

performance of this two-phase system is demonstrated by optimizing several ratios on organic phase and 

aqueous phase, then compare selectivity of oxidation products from NMR results. 
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Zr/Co heterobimetallic complexes: O2 activation, CO2 capture, and beyond 
 

Hongtu Zhang and Christine M. Thomas 
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Bimetallic complexes have received rapidly growing interest as an important topic in catalysis. The 

strategy to incorporate two earth-abundant d-block metals with metal-metal interactions provides a 

viable pathway to multi-electron reactions that are challenging for their mononuclear analogues while 

also mitigating the use of noble metal catalysts. In early-late heterbimetallic complexes, the drastic 

difference in the electronic properties of the two metals induces polarized metal-metal interactions and 

uncovers unique reactivity and selectivity. We herein present a reactive ZrIVCo-I binuclear complex 

(THF)ZrIV(MesNPiPr2)3Co-ICNtBu featuring a tris(phosphinoamide) ligand framework and a Co-bound 

apical isocyanide ligand, from which a series of ZrIVCo(0/I) complexes are derived and characterized 

through one- or two-electron transformations. The ZrIVCo-I complex exhibited rapid 2e- reduction of 

molecular O2 (1 atm, in excess) to form a side-on peroxo species O2ZrIV(MesNPiPr2)3CoICNtBu. Two key 

intermediates, the peroxo and the oxo species Oâ‰¡ZrIV(MesNPiPr2)3CoICNtBu, exhibited nucleophilic 

reactivity, such as conducting THF ring-opening reactions with B(C6F5)3. Moreover, the oxo complex and 

the hydroxyl complex HOZrIV(MesNPiPr2)3Co0CNtBu are capable of rapidly capturing CO2 (1 atm, in 

excess). Meanwhile, electrochemical studies of these complexes showed multiple reversible redox 

features. The ELHB ZrIVCo(-I, 0, I) complexes showcase rare examples of cooperative molecular activation 

pathways in which the early metal (Zr) mediates bond activation and the late metal Co provides the 

electrons needed for substrate reduction. 
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Modeling Redox Activity of Multicopper Oxidases with Macrocyclic [Cu3OH]2+/3+/4+ cryptates 
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Adviser: Shiyu Zhang 

Multicopper oxidase (MCO) utilize a trinuclear copper cluster (TNC) to catalyze four-electron reduction of 

O2 to H2O at a low overpotential (ca. 100 mV). The cooperativity of three copper centers in TNC have 

attracted substantial interests due to the demand in Earth-abundant ORR catalysts for the next-

generation fuel cells that utilize oxygen as a convenient electron/proton acceptor. Pursuing the synergy 

of three copper centers for ORR, synthetic community has designed many trinucleating ligand 

architectures to mimic the coordination environment of TNC site. Despite the abundant literature on 

structurally characterized Cu3O and Cu3OH clusters, no synthetic tricopper complex thus far can 

accommodate all four redox states from CuICuICuI to CuIICuIICuII, required for the multielectron 

reduction of oxygen, due to the distinct geometry preferences for CuI (tetrahedral) and CuII (square 

planar). Herein, we report the design of a tricopper complex ([LCuIICuICuIOH](PF6)3) supported by a 

macrocyclic multidentate ligand (L). The tricopper cryptate is synthesized by a one-pot reaction of Cu(I) 

hexafluorophosphate, tris(2-aminoethyl)amine (TREN), and paraformaldehyde in 21% yield. The 

macrocyclic ligand L contains four TREN motifs, three of which form a binding site for a trinuclear copper 

oxo/hydroxo core. The remaining TREN forms a cavity that prevents solvent interaction with the tricopper 

center. Due to the rigid structure and isolated environment provided by L, the tricopper hydroxo (Cu3OH) 

core was fully characterized at three different redox states (CuIICuIICuI, CuIICuICuI, and CuICuICuI) 

including X-ray single crystallography, which represents the first such example. The reaction of tricopper 

hydroxo with oxygen will also be discussed. 
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Influence of ligand charge on europium containing complexes 
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Complexes of GdIII have been widely employed in medical imaging as T1-shortening contrast agents for 

magnetic resonance imaging (MRI) while remaining kinetically inert in vivo. EuII is isoelectronic with GdIII 

and similarly acts a T1-shortening contrast agent for MRI, but EuII offers a unique advantage compared to 

GdIII in that EuII ceases to be a T1-shortening contrast agent when oxidized to the trivalent state. EuII/III 

redox couples of reported complexes overlap with a biologically relevant range and can be used as a mode 

of oxygen sensing in vivo. The lack of directly coordinating anionic charges tend to shift the E1/2 of Eu-

containing complexes more positive; however, the kinetic inertness of the metal as a function of both the 

overall complex charge and position of anionic moieties within the complexes remains unexplored. We 

hypothesize that by installing distal anionic charges in EuII-containing tetraamide complexes, the kinetic 

inertness of EuII-containing complexes will be maintained while minimally influencing the E1/2 of the 

complexes. Progress towards the synthesis and characterization of a series of EuII-containing complexes 

with varying overall charge is presented.   
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Transition metal dithiolene N-heterocyclic carbene adducts: Synthesis, molecular geometry and 
electronic properties 

 

Selvakumar Jayaraman and Kuppuswamy Arumugam 
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Adviser: Kuppuswamy Arumugam 

Intriguing structural characteristics coupled with interesting electrochemical properties makes Transition 

metal dithiolene complexes as attractive materials for modern researchers. Ongoing research work on 

metal dithiolene complexes in our laboratory focuses on the synthesis of hybrid complexes by combining 

robust dithiolene with versatile N-heterocyclic carbenes. Here we are disclosing a part of that work on 

Iron(II) and Cobalt(II) dithiolene-N-heterocyclic carbene complexes synthesis,  molecular geometry and  

electronic properties.  
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Atomic layer deposition (ALD) is widely used for the growth of high permittivity, ultra- thin dielectrics in 

semiconductor industry. ALD controls the film thickness and provides conformal growth films due to 

sequential and self-limiting surface reactions of two or more precursors. Silver metal has the lowest 

resistivity (1.59 ÂµÎ© cm) of all metals and has applications in plasmonic devices. Growth by thermal 

atomic layer deposition (ALD) has been hampered by the low thermal stabilities of virtually all silver 

precursors. The low precursor thermal stabilities is complicated by the positive electrochemical potential 

of the silver(I) ion (EÂ° (Ag+ + e- â†” Ag) = 0.7996 V). Herein, we will describe volatile and highly thermally 

stable silver pyrazolate precursors. The silver pyrazolates [Ag(3,5-(CF3)2pz)]3 and [Ag(3-tBu-5-

(CF2CF2CF3)pz)]3 were synthesized and their volatility thermal stabilities were evaluated by sublimation 

studies, solid-state thermal decomposition experiments, and thermogravimetric analysis (TGA). [Ag(3,5-

(CF3)2pz)]3 was used with 1,1-dimethylhydrazine to deposit silver metal films on SiO2 substrates at 180 

Â°C with a growth rate of 0.82 Ã…/cycle. A plot of growth rate versus substrate temperature showed an 

ALD window of 170 to 220 Â°C. Saturative self-limited growth was demonstrated in both [Ag(3,5-

(CF3)2pz)]3  and 1,1-dimethylhydrazine at 180 Â°C. The as-deposited films were crystalline. Due to 

nanoparticle growth on SiO2 substrates, both scanning electron microscopy data (SEM) and X-ray 

fluorescence (XRF) measurements were obtained to confirm the ALD type growth.  
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Rising anthropogenic CO2 levels have prompted the development of new materials and methods for 

remediation via CO2 capture. Direct capture from air has been proposed as a viable method to mitigate 

the effects on climate change. Additionally, there is interest in the maintenance of habitable atmospheres 

in confined environments such as spacecraft and submarines. Inspired by the mechanism of Î±-carbonic 

anhydrase, our group has been investigating the synthesis and design of solid materials for trace CO2 

capture. The benzotriazolate metal-organic framework (MOF) [Zn(ZnO2CCH3)4(bibta)3] (1, bibta2â€“= 

5,5-bibenzotriazolate) consists of pentanuclear secondary building units (SBUs) with the four peripheral 

zinc atoms in a coordination environment reminiscent of the active site in Î±-carbonic anhydrase. 

Additionally, these peripheral zinc ions are known to be amenable to cation exchange for other transition 

metals. A mild postsynthetic OAcâ€“/HCO3â€“ ligand exchange procedure followed by thermal activation 

generates metal hydroxide moieties in the MOF 2 ([Zn(ZnOH)4(bibta)3]). This material 2 exhibits excellent 

CO2 capacities at low pressures and selectivity over other gases such as N2 and O2. By changing the metal 

identity at the peripheral site of the SBU, structure-function relationships may be developed and further 

understanding of this mechanism. Indeed, metal identity affects the capacity and heat of CO2 adsorption. 
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Reactivity of Iron Alkoxide Complexes Towards Catalytic Azoarene Synthesis 
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Azoarenes are highly colored chemical compounds which have several different applications in chemical 

industry as dyes, radical reaction initiators, indicators, food additives, pigments, and therapeutic agents. 

Current routs of azoarene synthesis produce significant amount of waste because those reactions need 

stoichiometric amount of chemical oxidants. My research targets catalytic formation of azoarenes using 

organic azides as precursors. This route to azoarenes is more efficient and sustainable because, 

organoazides are readily synthesizable molecules from less expensive respective anilines and the only by-

product of this reaction is dinitrogen. Our lab reported catalytic formation of azoarenes from different 

substituted azides using different iron alkoxide catalysts we have synthesized in the lab. Our first 

generation iron alkoxide catalyst Fe(OR)2(THF)2 (OR = OCtBu2Ph) selectively reacted with ortho 

substituted bulky aryl azides. This complex enabled highly efficient catalytic transformation of bulky aryl 

azides ArN3 (Ar = 2,4,6-Me3Ph or 2,6-Et2Ph) to corresponding azoarenes. However, no azoarene 

formation was observed for smaller aryl azides (Ar = 2-MePh, 3,5-Me2Ph, 4-MePh). Instead, formation of 

mono(alkoxide) bridging imido complexes, Fe2(Î¼2-NAr)2(OR)2(THF)2 was observed, along the formation 

of unreactive iron tris(alkoxide) Fe(OR)3 by-product. It was hypothesized that it is the alkoxide 

disproportionation ([Fe(OR)2] â†’ [Fe(OR)] + Fe(OR)3) that was responsible for the observed limitations 

catalysis. Our lab reported synthesis of bulkier second generation alkoxide [ORâ€™] [ORâ€™ = 

OCtBu2(3,5Ph2Ph)] ligand and Fe(ORâ€™)2(THF)2 complex. We postulated that the larger size of alkoxide 

would prevent formation of Fe(OR)3 and as a result, it would prevent alkoxide disproportionation and 

enable better catalytic reactivity with both non-bulky and bulky azides. We have also shown that, as 

anticipated, it does not form Fe(ORâ€™)3 complex. Ortho substituted azides (mesityl azide, 2,6-

C2H5PhN3, 2-C2H5PhN3, 2-CH3PhN3) derectly undergo catalytic amount of azoarene formation with 

Fe(ORâ€™)2(THF)2 and non-ortho substituted azides undergo azoarene formation through iron tetrazene 

Fe(OR)2(ArNNNNAr) intermediate. In addition to homocoupling azoarene formation, higher yield of 

heterocoupling azoarene formation was observed for combination of two different sterically hindered 

(ortho substituted) aryl azides with Fe(ORâ€™)2(THF)2. Recently, we synthesized a new chelating 

bis(alkoxide) ligand and its iron(II) complexes. This system indicate selective reactivity for the coupling of 

non-bulky (i. e. phenyl, para- substituted) aryl azides.   
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Bisthiazolyl Quinones: Stabilizing Organic Electrode Materials with Sulfur-Rich Thiazyl Motifs 
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Adviser: Shiyu Zhang 

Organic electrode materials have emerged as attractive alternatives to electrodes in Lithium-ion batteries 

produced from toxic and unsustainably-sourced transition metals. However, low-molecular-weight 

organic compounds still lack the cycling stability and high-rate capability found in transition metal 

electrodes. Recently, we reported S-rich thiazyl moieties as a new design feature for small-molecule 

organic electrode materials. Our findings suggest that S-rich thiazyl moieties engender strong SOMO-

SOMO interactions that contribute to the insolubility and fast charging of low-molecular-weight quinones. 

This is demonstrated by the contrasting performance of three isomorphic bisthiazolyl quinones in solid-

state: the S-rich quinone displays the strongest SOMO-SOMO interactions and can be cycled at a high rate 

of 10C for 400 cycles with 94% capacity retention, while the S-poor quinones display weak SOMO-SOMO 

interactions and suffer from dissolution and low cycling stabilities (< 20 cycles). Our study indicates that 

introducing organic motifs that enable SOMO-SOMO stabilization could be a strategy to support favorable 

solid-state structures for energy storage applications. In our current work, we explore the generality of 

this strategy with two novel S-rich bisthiazolyl quinone isomers that possess distinct solid-state packing 

structures. Along with the parent S-rich bisthiazolyl quinone from our previous work, these isomers 

provide an effective means to determine if and how differences in atom connectivity and solid-state 

packing impacts the SOMO-SOMO interaction strength and the electrochemical performance of these 

materials in Li-ion batteries.  
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DFT study on Graphene Enhanced Raman Spectroscopy 
 

Sajjad Afroosheh and Alexey Zayak 

Bowling Green State University 

Adviser: Alexey Zayak 

Graphene Enhanced Raman Spectroscopy (GERS) is a promising candidate in studying the spectroscopic 

chemical characterization of nanoscale interfaces due to a delocalized Ï€ electron system, the unique 

density of state, and low electrical noises. This technique, like Surface Enhanced Raman Spectroscopy 

(SERS), is associated with the effect of the chemical coupling between designated molecules and surfaces, 

i.e. Chemical Enhancement (CE). In this study, we present a systematic computational study of 

Tetracyanoquinodimethane (TCNQ) physisorbed on graphene. The study involves computations of 

surface-enhanced Raman spectra supported by the electronic structure analysis, focusing on the 

interfacial charge transfer and electron-phonon coupling. Using an external electric bias shows a 

continuous charge transfer between the adsorbent and surface in the coupling regime and reveals its role 

in corresponding changes of Raman spectra. Presented results may enable using Raman as a 

characterization technique for charge-transfer dipole layers in heterogeneous interfaces.  
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Low temperature synthesis of nanocrystalline V2O5 using the non-hydrolytic sol-gel method 
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Vanadium oxide was synthesized using the non-hydrolytic sol-gel method. Reactions with two different 

vanadium precursors, VCl3 and VOCl3, were investigated at room temperature for both 24 and 72 h long 

reactions. All raw and heat-treated samples were characterized using powder x-ray diffraction, energy-

dispersive x-ray spectroscopy coupled with scanning electron microscopy, and thermal analysis. Fourier 

Transform infrared spectroscopy and Brunauerâ€“Emmettâ€“Teller surface area measurements were 

carried out on specific samples with different O:V ratios and unique morphologies.  For the VCl3 precursor, 

crystalline V2O5 was formed following heat treatments between 200 Â°C and 250 Â°C with higher 

temperature treatments resulting in sharper peaks. Broad diffraction features, indicative of 

nanocrystalline material, were observed in dried samples for VOCl3, while heat treatment to 250 Â°C 

produced well-crystallized V2O5. Interesting porous morphologies with large crystallographic coherence 

lengths were observed for the heat-treated samples. These morphological characteristics correlated to 

the O:V ratios in each of the sample sets.  

  



Oral 8 

Nanoscale Rectifying Devices Based on Langmuir-Blodgett Monolayers of a Bimetallic Iron(III) Complex 
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Intriguing structural characteristics coupled with interesting electrochemical properties makes Transition 

metal dithiolene complexes as attractive materials for modern researchers. Ongoing research work on 

metal dithiolene complexes in our laboratory focuses on the synthesis of hybrid complexes by combining 

robust dithiolene with versatile N-heterocyclic carbenes. Here we are disclosing a part of that work on 

Iron(II) and Cobalt(II) dithiolene-N-heterocyclic carbene complexes synthesis,  molecular geometry and  

electronic properties.  
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Transition metal dithiolene N-heterocyclic carbene adducts: Synthesis, molecular geometry and 
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De novo protein design allows for the investigation of the relationship between structure and function in 

native protein environments. A three stranded, alpha helical coiled-coil of the general sequence Ac-G-

(LKALEEK)5-G-NH2 has been synthesized with both a Cys3 Pb(II) and a His3 transition metal binding site. 

This model has previously been used to study the active site of Zn(II) Carbonic Anhydrase (CA) in a three-

fold symmetric environment, but the de novo scaffold does not allow for modelling of asymmetric sites. 

This work utilizes an altered secondary coordination sphere of the Pb(II) to form self-assembling 

heterotrimeric constructs, allowing for asymmetry at the His3 site to study both Zn(II) hydrolytic and 

Cu(I/II) redox catalysis. The asymmetry at this site is demonstrated through Co(II) spectroscopy. This work 

will then highlight two reactions within the self-assembling, asymmetric scaffold to demonstrate the range 

of possibilities presented by this design. Zn(II) catalyzed ester hydrolysis was performed as a model of CA 

while Cu(I/II) catalyzed superoxide mutation was performed as a model of Cu-only Superoxide Dismutase 

(SOD). The increased catalytic rates seen in asymmetric scaffolds over symmetric scaffolds showcases the 

advantage of this model for protein design. This work is the first study of catalysis within self-assembling, 

asymmetric peptide constructs and is capable of performing multiple types of reactions with several 

different metal cofactors. 
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Exploring the Chlorophosphazene Synthesis; Linear Growth and Ring Closure [Cl3P(NPCl2)mCl]+X- 
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Tessier 
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The formation of the oligomeric chlorophosphazene was heavily studied in the 1960s and 1970s in which 

they analyzed the [Cl3P(NPCl2)mCl]+X-  oligomers where m<5 in polar solvents such as nitrobenzene 

and/or symmetric tetrachloroethane (s-TCE).  Currently chlorobenzene is used as a solvent to form the 

cyclic trimer [PCl2N]3 and higher ring species at ~1300C; of which the trimer is used in a ring opening 

polymerization.  There are at least three possibilities for the ring closure process assuming that the PCl2N 

unit of the oligomer are retained in the ring product; a spontaneous closure that requires no additional 

PCl5 or NH4Cl, a ring closure that requires an NH4Cl intermediate that captures both phosphorus terminal 

ends, and a ring closure that would involve an intermediate that includes the [PCl6]- anion and two NH4Cl 

molecules to form the cyclic products.   

   Subsequently, the impact of either the Cl- or the PCl6- counter-ion may have an effect on the formation 

of the cyclic products.  The PCl6- ion is a weakly coordinating ion whereas the Cl- is a stronger coordinating 

ion.  Concurrently, the choice of solvent can affect the PCl5 equilibrium and the removal of the solvent 

may have an effect on the equilibrium distribution of the PCl5 reagent and the counter ions present.  We 

will report a study on the mechanism of the oligomeric chlorophosphazene formation in solution using 

the analytical techniques of NMR spectroscopy and mass spectrometry, which will also include quantum 

mechanical calculation studies of the counter-ion and solvent effects of the oligomers. Our results provide 

a better understanding of the ring closure mechanism of chlorophosphazenes.  
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The reactivity of nitric oxide (NO) with different iron centers is an important part of the biological functions 

of NO, and studying these interactions using well defined model complexes is the goal of this project.. For 

signaling, nanomolar concentrations of NO are required that regulate blood pressure and participate in 

nerve signal transduction. On the other hand, the micromolar concentrations of NO are produced by 

macrophages, which serve as a toxin for bacteria and other pathogens.1 However, recent research has 

shown that some pathogens have developed immunity against NO toxicity, using flavordiiron nitric oxide 

reductases, also known as FNORs, to destroy NO. The purpose of this project is to better understand how 

the structure of the active site ï€ in particular, the necessity of having two iron centers in the active site 

ï€ affects the enzymeâ€™s function, and how the redox state of the intermediary iron-NO complex 

contributes to reactivity. To accomplish these goals, I am studying a mononuclear iron model system of 

FNORs with a new ligand system developed in the Lehnert laboratory, 6,6' 

((benzylazanediyl)bis(methylene))bis(2-(tert-butyl)-4-methylphenol), and I am preparing corresponding 

{FeNO}7 and {FeNO}8 complexes with this ligand platform. Note that the high-spin {FeNO}8 redox state 

of non-heme iron-NO complexes is not well studied, and the participation of these species in either NO 

reduction and/or disproportionation is not well understood. Previous studies in the literature have mostly 

focused on high-spin {FeNO)7 complexes as models for corresponding O2 adducts in non-heme iron 

enzymes. All nitrosyl complexes obtained in this work are further characterized using multiple analytical 

methods, such as NMR, IR, EPR, and CV, and X-ray crystallography. 
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To create photoresponsive materials a photoactive component needs to be incorporated into the 

material. Indigo is a chromophore that has not been utilized for its photochemical and photophysical 

properties due to it being exceptionally photostable. Indigoid chromophores, however, have the potential 

to undergo excited state trans-cis isomerization with visible light. The parent indigo does not exhibit this 

isomerization due to the presence of conical intersections that rapidly deactivate the excited state before 

the isomerization occurs leading to an apparent photostability. To access this photoisomerization other 

groups have substituted the amines or have reduced indigo to its leuco form. Both types of derivatives 

exhibit this trans-cis isomerization upon excitation with visible light. Our aim was to investigate how 

coordination between indigo and leucoindigo with transition metals can affect this fundamental 

photochemistry and to incorporate these complexes into poly(vinyl alcohol) hydrogels. Preliminary 

studies indicated that the chromophore retains it photochemistry inside the gel and that metal ions that 

interact with the chromophore change the fluorescence intensity of the chromophore. Metal binding also 

affects the stability of leucoindigo in air, and we are interested in exploiting this change to create metal 

ion sensors.  
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Biomass is an abundant renewable carbon source for the production of fuels and chemicals. Selective 

upgrading of biomass to functionalized small molecules attracts intensive attentions in recent years. 5-

Hydroxymethylfurfural (HMF) is one of the dehydration intermediates of biomass and can be oxidized to 

2,5-furandicarboxylic acid (FDCA) which is of interest in many industrial applications. However, efficient 

synthesis of FDCA is still a great challenge due to the difficulties of production and purification of HMF. 

We report a highly efficient one-pot two steps process for converting fructose to FDCA. Fructose, at a high 

concentration (up to 200 weight %), is dehydrated to HMF at high yields (83%) using biphasic strategy 

with the help of microwave. The resulting HMF is subsequently oxidized to FDCA over a low cost electro-

oxidation process with 98% yield in continuous flow. Our system eliminates the high energy consuming 

step of HMF purification and noble metal involved thermal FDCA production process, leading to improved 

economic and environmental impact of the project.  
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H2-Mediated C-C Bond Formation via Ruthenium-Keteniminate Intermediates 
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Hydrogen transfer catalysis offers an attractive approach to form new carbon-carbon bonds under 

moderate conditions.  Using a ruthenium hydride pincer catalyst, HRu(bMepi)(PPh3)2(bMepi = 1,3-

bis(6â€²-methyl-2â€²-pyridylimino)isoindolate), we have found that uniquely reactive ruthenium-

keteniminate intermediates can be generated from Î±,Î²-unsaturated nitriles via a selective 1,4-hydride 

transfer.  These keteniminates can subsequently be captured by anhydrides to form new carbon-carbon 

bonds giving Î²-ketonitrile products.  We have adapted these reactions to a synthetic method that 

operates under catalytic hydrogenation conditions (100 psig) to afford these products in high isolated 

yields (70-95%). The method exhibits high atom economy and requires no special substituent patterns on 

the Î±,Î²-unsaturated nitrile or the anhydride.  This presentation will outline our ongoing efforts to expand 

the scope beyond anhydride electrophiles to further enhance the scope and utility.  
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With the aid of direct heating through microwave irradiation in non-aqueous media, nanocrystalline 

tungsten(VI) oxide is achievable in 30 minutes at 200 Â°C, faster and at a lower temperature than 

conventional synthesis methods. Forming in a platelet morphology, these particles are as small as 20 nm 

with a BET surface area of 37 m2 gâˆ’1 WO3. These nanoplatelets are active for the photocatalytic 

oxidation of the 1Â° alcohols benzyl alcohol (rate constant, k of 2.6 Ã— 10âˆ’3 hâˆ’1) and 5-

(hydroxymethyl)-2 furfural (k of 0.01 hâˆ’1) using 10 mg of WO3 with 2 mL of 0.250 M substrate in 

acetonitrile and a 150 mW cmâˆ’2 460 nm blue LED source. As expected, these rate constants are larger 

than those observed for commercially prepared, micron-sized WO3. XPS analysis shows that during 

catalysis, the concentration of W5+ on the surface increases, but the nanoplatelets are stable under these 

reaction conditions. The overall morphology and size of the particles are retained through the reactions. 

Moreover, the nanoplatelets are recyclableâ€”showing no loss in activity for four reaction cycles.  
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Most electronic materials typically exhibit a single type of conduction polarity, either electrons or holes, 

along their principle axes.  Layered materials have different bonding and band curvatures within the layer 

and orthogonal to it, and therefore can exhibit different conduction polarities along these axes.  Here we 

establish that Re4Si7, a narrow band gap semiconductor, is one such material, and has the largest 

conduction anisotropy in any material to date. A single crystal of Re4Si7 was grown and the temperature-

dependent conduction properties have been characterized across different crystallographic orientations.   

We find that the room temperature Seebeck coefficients along the in-plane and cross-plane axes have 

values of +150 microV/K and -220 microV/K, respectively.  The in-plane and cross-plane Hall coefficients 

have the same respective positive and negative signs, further confirming this anisotropic conduction 

behavior.   These results were correlated to density functional theory which predicts the origin of this 

conduction behavior to result from the hyperboloidal-shaped Fermi surface of the Re dxy-based valence 

band.  Finally, considering that most modern device technology requires integrating materials with p-type 

and n-type regions for functionality, the large axis-dependent conduction anisotropy in Re4Si7 makes it a 

promising platform to explore new device concepts.  Indeed, through constructing proof-of-concept 

transverse thermoelectric devices we show that a single crystal of Re4Si7 can efficiently convert an off-

diagonal heat gradient into electricity.  
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Non-heme high-spin (hs) {FeNO}8 complexes have been proposed as important intermediates towards 

N2O formation in flavodiiron NO reductases (FNORs). Recent studies on diiron model complexes have 

further demonstrated this reactivity. At the same time, many hs-{FeNO}8 complexes actually 

disproportionate by forming dinitrosyl iron complexes (DNICs). However, the mechanism of this reaction 

is not understood. In the process of investigating this reaction further, we isolated a new type of non-

heme iron-nitrosyl complex that is stabilized by an unexpected spin state change. The hs-{FeNO}7 

complex, [Fe(TPA)(NO)(OTf)](OTf) (1), was synthesized first and  characterized by different spectroscopic 

methods and X-ray crystallography. Upon reduction of 1 with 1 eq. of CoCp2, the N-O stretching band of 

1 disappears, but no sign of DNIC or N2O formation is observed. To our surprise, we isolated and 

structurally characterized a dimer, [Fe2(TPA)2(NO)2](OTf)2 (2). We propose that this species is formed 

from dimerization of the initially formed hs-{FeNO}8 intermediate, followed by a spin state change of the 

iron centers to low-spin (ls). This complex is further characterized by Mössbauer and vibrational 

spectroscopy. We speculate that the dinuclear structure of 2 models corresponding intermediates in hs-

{FeNO}8 complexes that precede the disproportionation reaction. 
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Heterocyclic polymers such as polypyrrole and polythiophene and their organic derivatives are 

increasingly being investigated for material applications in electronic devices such as cell phones, 

computers, and solar cells. The use of synthetic polymers over traditional inorganic materials such as 

silicon has several key advantages: versatility, low production cost, the reduced need for providing a clean 

environment for their synthesis, and more environmentally friendly manufacturing processes. Our current 

synthetic methodology was divided into three parts: first, Lawesson’s reagent was synthesized from the 

reaction between phosphorus pentasulfide (P4S10) and anisole; second, a transmetallating reaction was 

accomplished involving manganese pentacarbonyl bromide [Mn(CO)5Br] and the corresponding thallium 

salt of 1,2-diacylcyclopentadiene (thienyl fulvene); third, the ring closure (thionation) of the 

diacylmanganese complex [Mn(CO)3{Õ²5-1,2-C5H3(COTp)2}] using Lawessonâ€™s reagent afforded the 

desired product in good yield (82%). Characterization and materials properties of the target terthiophene 

complex involved FT-IR, 1H-NMR, 13C-NMR, Cyclic Voltammetry, and Direct Analysis in Real Time Mass 

Spectroscopy (DART-MS). 
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Encapsulating cobalt phthalocyanine (CoPc) within  a poly-4-vinylpyridine polymer (P4VP) leads to a 

catalyst-polymer composite material (CoPc-P4VP) that shows enhanced activity and selectivity for the CO2 

reduction reaction (CO2RR) to CO in aqueous pH 5 phosphate solutions compared to the parent CoPc 

complex.  A key aspect of the CoPc-P4VP system leading to this increase in activity is the controlled H+ 

transport through the P4VP polymer to the CoPc active sites via a proton-relay mechanism.  Here, we 

present our recent work exploring the relationship between H+ transport through the polymer and both 

polymer thickness and fractional protonation.  In particular, we show that at higher pH, the H+ transport 

mechanism shifts from a proton-relay to simple proton diffusion which leads to an overall decrease in 

catalyst activity.  Alternatively, at lower pH the H+ transport is sufficiently fast that a large fraction of the 

current goes to competitive H2 evolution. 

 

 


