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Introduction to Undergraduate Research in the Chemistry Department
An important component of the undergraduate chemistry degree experience is the opportunity to pursue some kind of independent research project.  Students will typically initiate such a project by registering for Individual Investigation (CHEM 40796).  Some students will subsequently complete a more extensive project leading to the writing of a senior thesis.  These vehicles provide an excellent opportunity for student(s to learn, on a one-on-one basis with a faculty member of their own choosing, some of the skills required to become a successful practicing chemist.  Pursuit of such a project promotes intellectual development and enhances a students( practical skills in ways that cannot be readily accomplished in a more traditional laboratory course.  It is quite common for the research work performed by undergraduates to be presented at professional conferences and published in chemical journals.  The experiences garnered during a student(s undergraduate research experience will prove invaluable in securing a position in a top graduate school, obtaining an industrial job, or gaining access to a top medical or other professional school.

A wide variety of research projects suitable for pursuit by undergraduates are available in the Chemistry Department.  This booklet contains a one-page summary of research interests at the undergraduate level for each chemistry faculty member who has expressed an interest in advising undergraduates through an individual research project.  You are encouraged to read through these descriptions and then contact any faculty whose research interests you.  Remember - it is important for you to let the faculty know that you are interested in working with them.  If you find a faculty member with whom you would like to work, and who is willing to direct your research project, then you may register for the appropriate course and begin your exciting journey to the cutting edge of chemistry.  If you have any questions please contact Arla Dee McPherson at (330) 672-2405.
For Which Course Should I Register?

A) Individual Investigation (CHEM 40796).  Most students who wish to begin pursuing a research project will register for (Individual Investigation( (CHEM 40796).  To be eligible, students must have a 2.5 GPA in chemistry (not overall).  It is common for students to begin registering for this course in their sophomore or junior year.  In this way they will have the opportunity to pursue a project for several semesters prior to graduation which will usually lead to a much more productive and rewarding experience than if a student tries to embark on a project for only one or two semesters in their senior year.  There is a form available from the Undergraduate Chemistry Office (WMH 208) that must be completed and signed by your prospective research advisor before you will be allowed to register for the course.  Repeat registration is allowed and encouraged; however, while all credit hours will contribute toward your overall 121 credit hour degree requirements, only a limited number of Individual Investigation hours can be used in partial fulfillment of required upper-level major elective hours, as follows: B.S. Chemistry (Chemistry and Materials Chemistry Concentration) and B.A. Chemistry: up to 2 credit hours of CHEM 40796 may be used to fulfill the 2-4 hours of required upper-level CHEM electives; B.S. Chemistry (Biological Chemistry Concentration): up to 4 credit hours of CHEM 40796 may be used to fulfill the 9 hours of required upper-level CHEM/BSCI electives.   A formal written report documenting your research accomplishments must be submitted to your research advisor at the end of the semester, with a copy signed by your advisor forwarded to the Assistant Chair in the Undergraduate Chemistry Office, before a grade can be awarded.  An S/U grade is awarded for the course.

b) Senior Honors Thesis (CHEM 40099, HONR 40099).  Students who are planning to graduate with University Honors typically pursue undergraduate research leading to the writing of a Senior Honors Thesis.  Qualified students who have not completed all the requirements for graduation with University Honors can still graduate with Departmental Honors by completing a Senior Thesis.  Usually, a student will register for Individual Investigation until the summer of their junior year.  During the following year, they would register for between 5 and 10 semester hours of Senior Honors Thesis under either CHEM 40099 or HONR 40099.  Departmental and Honors College approval are required prior to undertaking such thesis work.  Towards the end of the final semester, a thesis describing the research work must be written and defended before a small faculty committee.  This is an excellent opportunity to learn how to write and defend a scientific thesis, skills which will prove invaluable in graduate school or industry.
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RNA structure and how that relates to its function
RNA molecules are intimately involved in the fundamental cellular processes, such as in protein synthesis, RNA processing, protein transport, and chromosome-end replication. Some RNA molecules, termed as ribozymes, can act as biocatalysts without the help of any protein cofactors. RNAs have also been utilized as therapeutic targets and as therapeutic molecules. Such a functional diversity implies structural complexity once thought to be the domains of protein molecules. 

My laboratory is interested in understanding the chemical principles, which govern the complexity of RNA structure and how that relates to its function. Working towards that goal we will study the chemical basis of RNA-RNA, RNA-protein and RNA-ligand interactions. Furthermore, we would like to use RNA as therapeutic targets and utilize its plasticity to develop novel therapeutic molecules. 

We will utilize the tools of synthetic organic chemistry, molecular biology, and cell biology to achieve these objectives.

Recent Publications: 

1."Analysis of the Ribozyme Structure/Function by Nucleotide Analog Interference Mapping (NAIM)", Basu, S., Pazsint, C. and Chowdhury, G. (2004), Methods in Molecular Biology: Catalytic Nucleic Acid Protocols, M. Sioud (Ed.), Humana Press.

2."Identification of specific monovalent metal ion binding sites within RNA" Basu, S., and Strobel, S. A., (2001), Methods, 23, 264-275.

3."Direct detection of specific monovalent metal ion binding to a DNA G-quartet by Tl-205 NMR". Basu, S., Szewczak, A, Cocco, M, and Strobel, S.A., (2000), J. Am. Chem. Soc.,122, 3240-3241.

4."Thiophilic metal ion rescue of phosphorothioate interference within the Tetrahymena ribozyme P4-P6 domain". Basu, S., and Strobel, S. A., (1999), RNA, 5, 1399-1407.

5."A specific monovalent metal ion integral to the A-A platform of the RNA tetraloop receptor". Basu, S., Rambo, R. P., Cate, J. H., Ferré-D´Amarre, A R., Strobel, S. A. and Doudna, J. A. (1998), Nat. Struct. Biol., 5, 986-992.
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Bioinorganic and Medicinal Chemistry 

We are interested in vitamin B12 derivatives and B12-dependent enzyme reactions (see Figure). A deficiency in vitamin B12 can lead to anemia (“pernicious anemia”) and/or neurological disorders. Of the 15 or so vitamin B12-dependent enzyme reactions known, two of these reactions, involving methionine synthase and methylmalonyl-CoA mutase, occur in humans. In the former reaction, the vitamin B12 derivative methylcobalamin is an intermediate in the methylation of homocysteine by methyl-tetrahydrofolate. A current “hot topic” in the medical literature is the recently demonstrated relationship between high serum levels of homocysteine and a greatly increased risk of strokes or heart attacks. In addition, there is increasing evidence that individuals with high serum levels of homocysteine are more likely to develop neurological disorders. We have recently begun to collaborate with Dr. Andrew McCaddon and his research team in Wales, who are interested in the relationship between aberrant B12 metabolism and Alzheimer's disease. As part of this work, we have developed a new, simple procedure to synthesize the vitamin B12 derivative glutathionylcobalamin, and are currently investigating its properties under biological conditions. Glutathionylcobalamin is a naturally occurring vitamin B12 derivative, and could very well be a precursor to both the B12 coenzymes, methylcobalamin and 5′-deoxyadenosylcobalamin.
Other areas of interest include the synthesis and properties of vitamin B12 bioconjugates. Recently we have prepared the first vitamin B12 bioconjugate which could potentially be an active, orally administered pharmaceutical for the treatment of diabetes. The ability of vitamins to act as drug carriers (or vectors) for transporting orally administered pharmaceuticals to cells has been recognized for some time. Only small, neutral, water-soluble molecules can pass across biological membranes to any degree by passive diffusion. Due to the large size of vitamins, these important biomolecules are therefore typically associated with active transport mechanisms for absorption and cellular uptake. This is especially important for vitamin B12, given the very small amounts that are present in most foods. Utilizing vitamin B12 bioconjugates for the transportation of drugs has been shown to have applications in the uptake of both peptides and proteins administered orally. Cobalamin-diethylene-triaminepenta-acetate (DTPA)-metal conjugates have been identified as potential diagnostic imaging agents for tumors (111In, 99Tc) and MRI (57Gd) contrast-enhancing agents. Fluorescent B12 conjugates also show much promise in diagnostic imaging. Importantly, the chloroambucil-cobalamin bioconjugate has shown considerable potential for the treatment of leukemia. In addition to synthesizing B12 bioconjugates, studies designed at probing the stability of the complexes under physiological conditions will also be carried out. Collaborations will also be established with other groups to examine the in vitro and/or in vivo properties of the more promising complexes. 

We have recently embarked upon a completely new area of research for us: vanadium chemistry. The importance of vanadium in biology first attracted attention through the work of Martin Henze and co-workers, who discovered high concentrations of vanadium(III) in the blood cells of sea squirts. Ascidians of the suborder Phlebobranchia are small marine animals that sequester vanadium(V) from seawater and reduce it to vanadium(III). How or why these creatures accumulate this metal ion is unknown. In addition, the chemistry of vanadium(III) itself, especially in aqueous systems, is poorly defined compared with that of vanadium in the more stable oxidation states of +4 and +5. Our studies of vanadium(III) complexes have commenced with simple ligands such as amino acids, or ligands which model amino acids. 

Selected Publications 

1. Fry, F. H.; Dougan, B. A.; McCann, N.; Ziegler, C. J.; Brasch, N. E.* Characterization of Novel Vanadium(III)/Acetate Clusters Formed in Aqueous Solution Inorg. Chem.2005, 44, 5197. 

2. Xia, L.; Cregan, A. G.; Berben, L. A.; Brasch, N. E.* Studies on the Formation of Glutathionylcobalamin: Any Free Intracellular Aquacobalamin is Likely to be Rapidly and Irreversibly Converted to Glutathionylcobalamin, Inorg. Chem. 2004, 43, 6848.
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Inorganic and Materials Chemistry 

Our research group intends to make a strong contribution to the fields of inorganic chemistry, nanoscale science and technology, and materials science. With this aim, standard Schlenk and glovebox techniques are employed to synthesize a variety of low-coordinate air and moisture sensitive inorganic precursors. Characterization methods include multinuclear NMR, X-ray crystallography, FT-IR and UV/VIS spectroscopy, TGA/DTA, SEM, TEM and X-ray powder diffraction.

These investigations, while rooted in traditional aspects of chemistry, will often involve students in collaborations with an array of other scientists and engineers. Group members will have their own projects; however, each group member's research will have significant overlap with others in the group. As such, the students' depth of fundamental chemical principles will become augmented by exposure to a breadth of additional concepts. It is anticipated that such a combination of skills results in a fertile and creative environment for achievement of research goals. Therefore, students should frequently expand beyond the reaches of classical chemistry subjects, and embrace additional areas, as required, for the successful execution of a specific project.

Self-Assembly of Inorganic Nanocrystals

It is envisioned that working on nanoscale materials will lead to unprecedented products in electronics, biotechnology, medicine, transportation, agriculture, environment, national security and other fields. To achieve these products, one of our initial goals is attaining a fundamental scientific understanding of nanoscale phenomena, particularly collective phenomena. In support of this goal our research proposes a rational and convenient method to construct and examine the properties of hybrid, self-assembled inorganic/organic nanostrutures. A variety of individuals (from 1st year undergraduate students to experienced post doctoral fellows) will contribute to this project while gaining both training and education in nanotechnology. This is a fundamental tenant of the nation’s nanotechnology initiative.

Gold Chemistry

In today's society, gold chemistry currently has an important role in fields such as electronics and medicine. However, there is still a current lack of understanding in the fundamental reaction chemistry of gold. The development of gold (I) chemistry is dominated by the viewpoint that gold is a prototypical soft Lewis acid, which forms its most stable complexes with soft Lewis bases. Accordingly, the synthesis of gold (I) complexes with hard Lewis bases such as oxygen, nitrogen, or carbon has been limited to a select number of examples. Such complexes have been described as intrinsically unstable, and therefore, have a pronounced tendency to either decompose to gold metal or aggregate into ill-defined clusters. Similar problems, although to a lesser extent, have been described for copper and silver. This instability has historically been described as a limitation to the development of gold chemistry. However, a few recent reports have hinted that a much richer field of coordination chemistry might be accessible. Therefore, in order to contribute to the understanding of this important metal, it is the goal of this research proposal to investigate the chemistry of previously "inaccessible" gold (I) alkyls, amides and alkoxides.

These novel complexes will be isolated as crystalline solids and characterized via solution and solid-state NMR, X-ray crystallograpy, FT-IR and UV/VIS spectroscopy. Throughout this investigation, the stability and reaction chemistry of these complexes will be investigated. It is the intention of this proposal to generate a large family of complexes in order to gain a true appreciation for the intrinsic stability of gold complexes.

Group 11 Metal-Organic Precursors

The semiconductor industry continues to undergo rapid technological changes, especially in fabricating nanoscale integrated circuit (IC) devices. Smaller device features and a need for increased chip surface area have led to the use of multilevel interconnections to increase the functionality of IC devices. The search for better performance has led to consideration of materials such as Cu, Ag, and AU for use as interconnections. Historically, industry has relied on well established approaches, such as physical vapor deposition, to create such interconnects. However, due to considerations such as cost and the nanoscale size regime the devices now have entered, interconnects fabricated via metal-organic chemical vapor deposition (MOCVD) and more recently nanocrystal deposition are increasingly favored. Currently, there is a lack of suitable CU, Ag, and Au precursors that have attributes desired for MOCVD and nanocrystal synthesis.
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Regulation of Protein Synthesis Initiation in Mammals

Research in my laboratory focuses on understanding the detailed molecular mechanism of the regulation of protein synthesis initiation in higher eukaryotes. The rate of global protein synthesis is regulated at the level of eIF2alpha phosphorylation and the latter cellular event is modulated by a cellular glycoprotein, p67. P67 also modulates the cell signaling by inhibiting the activation and activity of extracellular signal-regulated kinases and activating JNK and p38 signaling pathways. P67 has the ability to induce the signal mediated by Smad3, which is the key component in TGFbeta-mediated cell signaling. The latter pathway is mediated by TGFbeta receptors, which bind to eIF2 and thus connects cell signaling to the protein synthesis initiation. Given the diverse roles of p67 in different cellular events it can be considered as the nexus of cell signaling pathways. The following schematic diagram shows p67’s involvement in various cell-signaling pathways. 
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Selected Publications:

1. Ghosh, A., Datta, R., Majumdar, A., Bhattacharya, M., and Datta, B. (2006) The N-terminal lysine residue-rich domain II and the 340-430 amino acid segment of eukaryotic initiation factor 2-associated glycoprotein p67 are the binding sites for the g -subunit of eIF2. Exp. Cell Res. (In Press). 
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Synthesis of Materials with Novel Electric, Magnetic or Optical Properties 

My research interests span the disciplines of molecule-based magnetic and nonlinear optical materials, organic conductors and semiconductors, novel microporous and mesoporous materials, synthesis and crystal growth of metal oxides, chalcogenides and borophosphates.

Novel NLO materials are expected to play a pivotal role in the emerging new technology of photonics. We are using 2-D and 3-D coordination polymers as hosts to form lattice inclusion compounds with NLO-active chromophores. This may lead to novel hybrid materials that synergistically combine the attributes of inorganic, organic, polymeric and crystalline materials. Such a crystal engineering approach is aimed at tailor-making supramolecular single crystals suitable for optical frequency conversion applications. Similar strategies are being adopted by us to engineer other useful, ordered supermolecular assemblies as molecular magnets and conductors/semiconductors.

Microporous solids such as naturally occurring zeolites and other synthetic versions of phosphate-based open-framework structures find applications in such diverse processes as ion exchange, separations and heterogeneous catalysis. The commercial success of molecular sieves is due largely to the continual discovery of new materials with improved properties. Thus, the ability to change the materials properties by creating new structure types has been and will continue to be of paramount importance in zeolite research. We are interested in using transition metal oxo- and sulfide cluster compounds as building blocks for synthesizing new open-framework structures that do not have analogs in natural zeolites. Such microporous materials are expected to have different properties than those of p-block element microporous solids in the redox chemistry and catalytic activities of the frameworks.

Selected Publications

1. Ye, Q., Song, Y. M., Wang, G. X., Chen, K., Fu, D. W., Chan, P. W. H., Zhu, J. S., Huang, S. D. & Xiong, R. G. Ferroelectric metal-organic framework with a high dielectric constant. Journal of the American Chemical Society 128, 6554-6555 (2006). 

2. Vanchura, B. A.; He, P.; Antochshuk, V.; Jaroniec, M.; Ferryman, A.; Barbash, D.; Fulghum, J. E.; Huang, S. D. Direct Synthesis of Mesostructured Lamellar Molybdenum Disulfides Using a Molten Neutral n-Alkylamine as the Solvent and Template. J. Am. Chem. Soc. 2002, 124, 12090-12091.

3. Bose, A.; He, P.; Liu, C.; Ellman, B. D.; Twieg, R. J.; Huang, S. D. Strong Electron-Acceptor Methylviologen Dications Confined in a 2D Inorganic Host: Synthesis, Structural Characterization, Charge Transport and Electrochemical Properties of (MV)0.25V2O5. J. Am. Chem. Soc. 2002, 124, 4-5.
4. Kuehl, C. J.; Kryschenko, Y. K.; Radhakrishnan, U.; Seidel, S. R.; Huang, S. D.; Stang, P. J. Self-Assembly of Nanoscopic Coordination Cages of D3h Symmetry. P. Natl. Acad. Sci. USA 2002, 99, 4932-4936.

5. Kuehl, C. J.;Huang, S. D.; Stang, P. J. Self-Assembly with Postmodification: Kinetically Stabilized Metalla-Supramolecular Rectangles. J. Am. Chem. Soc. 2001, 123, 9634-9641.
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Surface Phenomena, Adsorption, Chromatographic Separations, Chemistry of Conventional and Ordered Nanoporous Materials 

Research interests and activities of Professor Jaroniec and his group revolve primarily around interdisciplinary topics of interfacial chemistry, chemical separations and chemistry of materials with a special emphasis placed on physical adsorption at the gas/solid and liquid/solid interfaces, gas and liquid chromatography as well as synthesis, modification and characterization of conventional and ordered nanoporous materials. His research covers such diverse topics as: (a) classical and statistical thermodynamics of adsorption processes at the gas/solid and liquid/solid interfaces, (b) computer modeling of adsorption and chromatographic processes occurring on energetically heterogeneous surfaces of nanoporous solids, (c) prediction of adsorption equilibria for multicomponent gas and liquid mixtures including aqueous dilute solutions, (d) theory of gas and liquid chromatography, (e) elaboration of advanced numerical methods for analyzing the surface heterogeneity, nanoporosity and fractal nature of adsorbents, catalysts and other materials, (f) characterization of carbon blacks, active carbons, active carbon fibers, polymeric sorbents, zeolities, silica, alumina, titania, zirconia and other nanoporous materials including chemically modified solids and recently discovered ordered mesoporous materials, and (g) modification of solid particles by thermal treatment, impregnation, coating and chemical bonding including the synthesis of silica-based chemically bonded phases for high performance liquid chromatography. Although in his laboratory the main emphasis is placed on the use of adsorption, thermogravimetry, differential scanning calorimetry, elemental analysis, gas and liquid chromatography techniques for studying nanoporous materials, other methods of the surface and structural analysis (e.g., solid-state NMR, infrared spectroscopy) are also explored in order to enrich information about surface and structural properties of these materials.

The current research of Dr. Jaroniec and his group includes the synthesis, modification, characterization and applications of novel ordered mesoporous materials (OMM) and chromatographic porous silicas, e.g., surfactant- and polymer-templated ordered silicas and organosilicas, ordered mesoporous carbons and colloid-imprinted materials. The area of ordered materials has been growing remarkably since 1992, when the first hexagonally ordered mesoporous material, MCM-41, synthesized via self-assembly of silica and surfactant species, was reported. The pore size of OMM can be tailored over the entire range of mesopores by adjusting the size and chemical nature of the template (surfactants, block copolymers, colloids), adding molecular expanders and performing the post-synthesis hydrothermal restructuring. In addition, incorporation of different inorganic and/or organic species via one-pot synthesis and/or post-synthesis modification can be employed to alter the surface properties of OMM. The aforementioned framework and surface modifications can be used to develop novel functionalized mesoporous materials of tailored pore sizes and surface properties for advanced applications in adsorption, catalysis, environmental clean-up and nanotechnology.

Selected Publications

1. Mercuri, L. P. et al. Ordered mesoporous silica SBA-15: A new effective adjuvant to induce antibody response. Small 2, 254-256 (2006).

2. Mercuri, L. P., Matos, J. R., Li, Z. J. & Jaroniec, M. Comparative thermogravimetric and adsorption study of highly ordered mesoporous materials. Journal of Colloid and Interface Science 296, 377-380 (2006).
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Research

Our group works on experimental and theoretical spin dynamics, quantum information processing, and developing new spectroscopic and imaging NMR techniques. We improved the methods of coherent spin control and were able to address and manipulate individual quantum states in clusters of up to twelve nuclear spins. Today we use such systems to study relaxation and decoherence of individual states, and as experimental models for implementing quantum algorithms. We proposed a concept of quantum amplification and illustrated it by finding the exact dynamic solution and by experiments with clusters of coupled nuclear spins. The ideas from quantum information science help us designing the dynamics of complex quantum systems, while NMR “quantum toys” demonstrate feasibility of the proposed approaches. The work on NMR techniques includes creating more efficient schemes for decoupling, cross-polarization, measuring inter-nuclear distances in solids, imaging, and data processing.

Recent publications

1. Lee Jae-Seung and Khitrin A. K., NMR quantum toys, 2007, Concepts in Magn. Reson. 30A, 194-217 (2007).

2. Lee Jae-Seung and Khitrin A. K., High-precision measurement of inter-nuclear distances using solid-state NMR, Concepts in Magn. Reson. 32A, 56–67 (2008).
3. Lee Jae-Seung, Rohrdanz Mary A., and Khitrin A. K., Controlled spontaneous emission, J. Phys. B: At. Mol. Opt. Phys. 41, 045504 (2008).
4. Lee Jae-Seung and Khitrin A. K., Thermodynamics of adiabatic cross-polarization, J. Chem. Phys. 128, 114504 (2008). 
5. Lee Jae-Seung and Khitrin A. K., Projection of a quantum state on eigenstates of average Hamiltonian, J. Magn. Reson. 198, 248-251 (2009). 
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High-Throughput Bioanalytical Chemistry and Biophysical Chemistry at the Single Molecular Level 

Bioanalytical Chemistry 

-Lab-on-a-chip 

Micro total analysis system (mTAS), a.k.a. lab-on-a-chip, integrates a variety of lab components on a chip as small as one inch square in area. In a typical lab-on-a-chip scheme, chemicals can be synthesized, purified and analyzed on a single chip. The technique is indispensable in the emerging fields such as genomics and proteomics, where huge sets of data are collected and analyzed. It is also very useful in the screening processes to identify promising drug leads or optimal conditions for crystallization. The low cost and high-throughput capability make this technique ideal for sensor development. Combining with laser tweezers or magnetic tweezers (see below), our lab is interested in the methodology development and bioanalytical application of this technique, for example in the fields of ultra sensitive sensors and screening methods. 

-Laser Tweezers 

Since the discovery of the laser tweezers in the 1980s, the application of this technique has been mostly limited to the physics where it originated. The lag of the application in chemistry can be attributed to the following reasons. First, tiny amount of the material contained inside a trapped object prevents the use of many traditional detection methods, such as UV-vis and IR. Second, to build a strong optical trap, objectives with short working distance are often used. This leaves little accessible space to incorporate other detection methods. Our lab uses unique capabilities of the laser tweezers, i.e., force detection in the range of picoNewtons and spatial measurement down to Angstroms, to follow the chemical interactions such as binding events between receptors and ligands.

-Magnetic Tweezers 

Compared to laser tweezers (see above), magnetic tweezers have advantages of lower force range (fN–pN), less drift, and full compatibility with a typical lab-on-a-chip layout. Magnetic objects can be easily incorporated into microfluidic channels on a chip and manipulated by an external magnet. These objects can be used to control the fluidics at the micrometer scale, which is one of the most difficult tasks in the development of lab-on-a-chip techniques. 

Biophysical Chemistry 

Using laser tweezers or magnetic tweezers on a chip, we are interested in the study of single biomacromolecules. Compared to ensemble bulk assays where average information is obtained, single molecular experiments produce stochastic signals that reveal sub-group properties in a population or energetic sub-trajectories in a transition process. In particular, we will study the mechanical properties of DNA and the activities of DNA-associated proteins in a high-throughput manner.

Our group is interdisciplinary and collaboration is expected with groups from material sciences and biosciences. Incoming members have ample opportunities to learn subjects through coworkers from other fields.

Selected Publications 

1. “Temperature Control Methods in a Laser-tweezers System”, Hanbin Mao, J. Ricardo Arias-González, Steve Smith, Ignacio Tinoco Jr. & Carlos Bustamante, Biophysical Journal, 2005, 89, 1308-1316 . 

2. “Measuring LCSTs by Novel Temperature Gradient Methods: Evidence for Intermolecular Interactions in Mixed Polymer Solutions”, Hanbin Mao, Chunmei Li, Yanjie Zhang, David Bergbreiter, Paul S Cremer, Journal of the American Chemical Society, 2003, 125, 2850-2851.
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Organic Synthesis: Synthetic Methods Development, Liquid Crystal Synthesis

Undergraduate research in the Sampson group is focused on a collaborative program with Dr. Seed’s group involving the development of new synthetically useful reactions and their application in the preparation of fluorinated and other novel S-heterocyclic liquid crystals.  For example, we have found that incorporating a 2,5-disubstituted 3-fluorothiophene-containing core into thermotropic liquid crystals (e.g. 1) imparts useful liquid crystal phases which show promise for display applications.  Other current projects involving undergraduates include the synthesis of new liquid crystalline families containg 1,3,4-thiadiazole-2-caroboxylate ester (e.g.2) and thieno[3,2-b]thiophene-2-carboxylate ester (e.g. 3) cores.
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This research benefits from Dr. Seed’s expertise in liquid crsytal synthesis and characterization, and Dr. Sampson’s experience in organofluorine synthesis and mainstream organic synthesis.  As a result, students receive a broad exposure to the field of target-oriented organic synthesis as well as to the development of new synthetic methods.  These areas make up the most important aspects of modern organic synthesis.  Most projects involve multi-step synthesis.  You will learn how to perform a variety of modern reactions (e.g., working with air-sensitive reagents, low temperature chemistry) and learn a range of techniques for the purificationa nd analysis of your reaction products.  You will characterize your own purified products via extensive hands-on use of high-field NMR.  The breadth of expertise gained during this research experience constitutes an excellent preparation for a career in industry, or for graduate, medical or pharmacy school.  Interested students who have completed both CHEM 30481 and 30475 are encouraged to discuss research opportunities with Dr. Sampson.

Representative Publications (undergraduate coauthors in bold/red):
“The synthesis and mesogenic behavior of the first series of low molar mass thieno[3,2-b]thiophene-2-carboxylate ester-based mesogens,” Gipson, R.M.; Sampson, P.; Seed, A.J. Liquid Crystals 2010, 37, 101-108.

“The synthesis and physical evaluation of 5-alkoxy-1,3-thiazoles prepared via Lawesson’s reagent-mediated cyclisation of 
[image: image12.wmf]a

-benzamido esters,” Grubb, A.M.; Hasan, S.; Kiryanov, A.A.; Sampson, P.; Seed, A.J. Liquid Crystals 2009, 36, 443-453.

“1,3,4-Thiadiazole-2-carboxylate esters: new synthetic methodology for the preparation of an elusive family of self-organizing materials,” Sybo, B.; Bradley, P.; Grubb, A.; Miller, S.; Proctor, K.J.W.; Clowes, L.; Lawrie, M. R.; Sampson, P.; Seed, A.J. J. Materials Chem. 2007, 17, 3406-3411.
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Undergraduate Research--Dr. Alex Seed

Research Interests

Our group is currently interested in a number of areas within the liquid crystal field. Our main focus is in the development of new synthetic heterocyclic methodology and its application in the synthesis of new materials for ferroelectric display and non-display applications (e.g. all-optical switches for telecommunications transmission, liquid crystal displays etc.). Our current undergraduate projects include the development of 1,3,4-thiadiazole, thieno[3,2-b]thiophene, and thieno[2,3-b]thiophene targets such as those shown below:
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The advantages of these types of heterocyclic core include low viscosity (to enable fast response to an applied external electric field), high polarizability (for a large electrooptic effect) and a large lateral dipole (in the case of the 1,3,4-thiadiazole). These features are critical to the development of materials for cutting-edge applications such as ferroelectric displays, organic light-emitting diodes, and organic field-effect transistors for example.

Thieno[3,2-b]thiophenes (e.g. 3) are virtually unknown in the liquid crystal field and we have recently developed new methodology that will lead to widespread application, especially for high polarizability applications. Currently a team of undergraduates is optimizing this chemistry and has prepared the first family of these materials.1 The analogous thieno[2,3-b]thiophenes (e.g. 4) are completely unknown in the field and an undergraduate will begin investigating these systems in the fall of 2009. All undergraduate projects are expected to lead to publications for the undergraduate researchers involved.

1,3,4-Thiadiazole-2-carboxylate esters such as 1 and 2 are the first examples of these types of material in the organic literature. The newly developed chemistry leading to these targets is still under evaluation but has led to the seminal publication in this area.2
Research Topics Available for Undergraduates

Undergraduates have the opportunity to carry out synthetic research in the group providing that they have at least a grade B in 30481 and 30475 in the organic chemistry sequence. Topics available include the evaluation of new synthetic pathways to chiral and achiral materials as described above. In addition to synthesizing materials, undergraduates will also carry out an evaluation of the liquid crystal phases using a combination of polarizing optical microscopy and differential scanning calorimetry (DSC).

1.
R. M. Gipson, in Department of Chemistry, Kent State University, May 2009, p. 74.

2.
B. Sybo, P. Bradley, A. Grubb, S. Miller, K. J. W. Proctor, L. Clowes, M. R. Lawrie, P. Sampson and A. J. Seed, J. Mater. Chem., 2007, 17, 3406-3411.
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Drug-Bioreceptor Interactions, Quantitative Structure-Activity Relationships and Drug Design: Interaction of drugs with nucleic acids 

We are currently investigating a number of fascinating problems in biochemistry and computational chemistry such as drug-nucleic acid interactions, structure and activity of anticancer drugs, antiviral agents, antibiotics and interferon inducers, and structure-activity relationship studies. Some of the research projects which are under investigation include the following:

Interaction of drugs with biopolymers:

· Structural studies of drug-biopolymer complexes.

· In vitro antiviral studies of drug-biopolymer combinations.

In vitro antiviral, anticancer, antibacterial activity studies of polyphenols.

Computer-assisted molecular/drug design and quantitative structure-activity relationship (QSAR) studies:

· Structure and activity/property relationships of chemical compounds such as antiviral agents, anticancer drugs, antibiotics, interferon inducers, and liquid crystal compounds.

· Modeling chemical transformation pathways using graph-theoretic transforms and structure-reactivity maps.

· Molecular modeling using similarity-based algorithms and techniques.

· Molecular design and mixture formulation of liquid crystals.

· The development and application of computer algorithms and software using molecular topology, chemical graph theory and chemical information theory for quantitative molecular similarity analysis (QMSA) and quantitative structure-activity relationship (QSAR) studies.

Selected Publications

1. Tsai, C. C., Lesniewski, M. L., Liu, B., Parakulam, R. R., Fu, M. M. & Docherty, J. J. In vivo and in vitro antiherpetic effects of hydroxytolans. Antiviral Research 57, 66-66 (2003).

2. Docherty, J., Fu, M. M., Stoner, T., Smith, J., Lesniewski, M., Tsai, C. C. & Booth, T. In vivo anti-herpes simplex virus activity of resveratrol, a cyclin dependent kinase gene inhibitor. Antiviral Research 57, 66-66 (2003).
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High Resolution Microwave Spectroscopy 

Our research is focused on understanding the role of weakly bonding interactions in determining the conformational structures of large molecules and molecular complexes. Hydrogen bonding, dipole-dipole, and dispersion forces have long been known to determine the structures of molecular complexes formed in the ultracold environment of supersonic expansions; these same forces also preferentially stabilize some molecular conformations over others.

Microwave spectroscopy is an excellent tool for examining these weak interactions. We use a Fourier-transform microwave spectrometer that was recently constructed in our laboratory. Sample is admitted into the spectrometer by a supersonic expansion of argon which both cools the molecules to ~5 K (rotational temperature) and isolates molecules from neighbors—eliminating the possibility that interactions between molecules might distort the conformational structure. Molecular complexes may also be formed in the expansion by entraining two different sample molecules into the carrier gas.
The spectrometer employs two mirrors for microwave frequencies, and they are positioned to establish a resonant cavity (an integral number of wavelengths between the mirrors). The sample is introduced between the mirrors and irradiated with microwave radiation of some known frequency. If the sample absorbs the radiation, it induces an oscillating signal in an antenna mounted on the opposite mirror. The frequency of the signal is equal to the frequency of the rotational transition; a Fourier-transform converts the oscillating signal into a spectrum as a function of frequency. By measuring rotational transitions, we are able to determine molecular moments of inertia and ultimately determine the bond distances and angles.

One area of application is the study of small biological molecules such as amino acids and peptide derivatives. The conformational structures of individual amino acids in a protein collectively determine the three-dimensional structure of the protein and, ultimately, its biological function. We have recently investigated the spectroscopy of a number of amino amides (amide derivatives of amino acids) including alaninamide, prolinamide, and valinamide. We have also collaborated with colleagues at the National Institute of Standards and Technology to record the first rotationally resolved spectra of a linear dipeptide analogue, N-acetyl alanine methyl amide. Data from the rotational spectra of these species are used to generate the most precise and detailed experimental structures.

Interactions between molecules can be studied using the same technique. We have been interested in how hydrogen bonds influence the structures of molecular complexes by measuring the lengths of the hydrogen bonds and examining the dynamics of the internal motions. These projects are interesting because hydrogen bonding is a fundamental interaction in biochemistry. But we would like to extend our previous studies to consider how the formation of an intermolecular hydrogen bond in a molecular complex affects the relative stability of different conformers. Our recent studies of the conformations of alaninamide and alaninamide-water have confirmed a decade-old prediction for a similar system that the most stable structure of the complex will be based on the lowest energy monomer conformation. Recently we have shown that formation of the 1:1 complex 2-aminoethanol-water changes the conformational structure of 2-aminoethanol. The 2-aminoethanol O–C–C–N dihedral angle increases from 58° to 71° upon formation of an intermolecular hydrogen bond.

These studies provide an important link between molecular modeling, which predicts conformational structures of isolated molecules, and biochemistry, which is concerned with structures in solvent environments. Because computer modeling of molecular structures has become widespread in the design of new polymers and drugs, these projects are particularly relevant.

Selected Publications

1. Tubergen, M. J. et al. Rotational spectra, nuclear quadrupole hyperfine tensors, and conformational structures of the mustard gas simulent 2-chloroethyl ethyl sulfide. Journal of Molecular Spectroscopy233, 180-188 (2005).
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Organic Materials with Novel Optical and Electronic Properties 

The research interests of the group headed by Dr. Twieg involve the synthetic chemistry of organic molecules and macromolecules that possess novel optical and electronic properties. This research is done in collaboration with numerous academic and industrial laboratories where the new materials are further characterized and implemented in devices. The Liquid Crystal Institute (LCI) on the Kent Campus and collaborators in the Advanced Liquid Crystalline Optical Materials (ALCOM) NSF Center are just two local examples of where collaborators are found. Students involved in this research not only have the opportunity to participate in the design and preparation of novel materials but also are able to follow through and exercise them.

In the area of liquid crystals efforts are underway to identify and prepare systems that have large linear optical anisotropy that leads to high birefringence. For example, a variety of specific conjugated molecules including tolane oligomers and methylenedihydropyridines (MDHP) are being examined. Other general approaches, including the implementation of lateral substituents and selective fluorination, are typical of the molecular engineering employed to imbue the molecules with the appropriate bulk properties. Such liquid crystals may be of use in reflecting or scattering polymer modified displays (PDLC and PSCT) and work is also in progress on the modification of the polymer network forming materials, such as a range of chiral monomers, for this class of displays. Additionally, unusual molecular structures are being examined to see if they can be successfully incorporated into mesogenic molecules.

In the area of nonlinear optical (NLO) materials organic and polymer systems with a range of properties are sought. For electro-optic (EO) applications chromophores with large first optical hyperpolarizabilities are required but the efforts do not stop there as special attention is also given to durability issues. Are the molecules thermally and photochemically stable? Can they be successfully mixed in a polymer or covalently bound to it in high concentration? Can sufficient bulk polar order be created and sustained in low-loss waveguides containing these materials? Again, only by working closely with groups actually building devices can meaningful evaluations be made and questions like these answered leading to a successful outcome.

Another area of current interest involves photorefractive (PR) polymers. These organic materials have a wide range of potentially valuable applications and much progress on the composition and understanding of the basic physical processes in these systems has occurred. We are looking for new chromophores and transport agents with special attention to the glass forming capabilities of the constituents so that high quality optical specimens can be fabricated. Here again, MDHP structures are a successful example. A general and pervasive long-term goal is to better understand and exploit such monomer and oligomer glasses as alternatives to glassy polymers in a range of applications including photoconduction (xerography) and electroluminescence (organic light emitting diodes, OLED).

Selected Publications

1. Nishimura, S. Y., Lord, S. J., Klein, L. O., Willets, K. A., He, M., Lu, Z. K., Twieg, R. J. & Moerner, W. E. Diffusion of lipid-like single-molecule fluorophores in the cell membrane. Journal of Physical Chemistry B 110, 8151-8157 (2006).

2. Getmanenko, Y. A., Twieg, R. J. & Ellman, B. D. 2,5-dibromopyridine as a key building block in the synthesis of 2,5-disubstituted pyridine-based liquid crystals. Liquid Crystals 33, 267-288 (2006).

3. Duzhko, V., Semyonov, A., Twieg, R. J. & Singer, K. D. Correlated polaron transport in a quasi-one-dimensional liquid crystal. Physical Review B 73 (2006).
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