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Thispast year was very successful in terms of external recognition of research accomplishments within the Chemistry
Department. Associate Professor Judith Harrison continues to develop an international reputation in the emerging field of
tribology, and has supported again a post-doctora associate within the Department. In addition, shewas awarded the Academy-
wide Research Excellence Award for 2000. Associate Professor Mark L. Campbell completed histhreeyearsof funding through
the prestigious Henry Dreyfus Teacher/Scholar Award (one of five nation-wide), providing funding for his own research and for
the Department. Professor Graham Cheek and A ssociate Professor William Heuer were awarded the Kinnear Fellowship at the
Naval Academy in support of their work in analytical and inorganic chemistry.

The Chemistry Department faculty and midshipmen chemistry majors are supported by adiverse array of state-of-the-
art instrumentation and computational facilities. Ten different midshipmen participated in directed research courses. Severa of
the midshipmen attended national scientific meetings and presented results of their work during the year.

The Chemistry Department faculty have continued to pursue collaborative research effortswith Navy laboratoriesand
other government and private ingtitutions. This year faculty collaborated with projects at the Naval Research Laboratory, the
National Aeronauticsand Space Administration, and the Johns Hopkins University. Faculty memberswere supported by grants
fromthe Air Force Office of Scientific Research, NASA, the Office of Naval Research, the Petroleum Research Fund, the National
Science Foundation, and the Research Corporation.

Other research interests of thefaculty include: organic synthesis of speciesfor methanol fud cells, radio-isotope studies
in connection to specialized medical scanning technology, detonation simulations, electrochemical studies of fused sdlts,
development of analytical methods based on electrophoretic techniques, synthesis and characterization of organic and
organometallic species, and the effects of chemical agentsin atmospheric chemistry, among others. The activeinvolvement of
both civilian and military faculty in research provides strength to the curriculum and hel ps prepare our chemistry graduatesfor the
technical challengesawaiting theminthefleet.

Sponsor ed Resear ch

Kineticsof GasPhase Oxidation Reactionsof Transition M etal Atoms

with Oxygen Containing Oxidants
RESEARCHER: Associate Professor Mark L. Campbell
SPONSOR: The Camilleand Henry Dreyfus Foundation

The objective of this research was to determine the rate constants for reactions of ground state and low-lying excited
state transition metal atoms in the gas phase with oxygen-containing oxidants as a function of temperature and pressure. In
particular, three projectsarein varying stages of completion: (1) reactions of transition metalswith N, O, (2) reactions of ground
stateand low-lying excited states of niobium and tantalum with several oxidants, and (3) reactionsof zirconium and hafniumwith
water. By obtaining Arrhenius parametersfor these reactions, geometric factorsand energy barrier effectswere determined. The
experimentally measured rate constants and barrierswere analyzed to determineif arel ationship exists between these valuesand
thephysical propertiesof thetransition metalsand reactants. Resultsfor thereactionswith N,O were compared to the cal cul ated
values from a theoretical model developed by Fontijn and co-workers. The reactions of niobium and tantalum indicated the
importance electronic effects have on the reaction rate. The reactions of zirconium and hafnium with water yielded a better
understanding of chemical reactions that may occur during accidents in nuclear reactors. Completion of this research greatly
enhanced our understanding of transition metal chemical reactions.
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Niobium Electrodeposition from L ow-Valent Niobium Species
RESEARCHER: Professor Graham T. Cheek
SPONSOR: Air Force Office of Scientific Research (AFOSR)

Continuing studies of niobium electrodeposition involved reduction of low-vaent niobium speciesin the aluminum
chloride: EMIC médlt. It had been determined earlier that reduction of Nb(V) speciesdid not result in co-deposition of significant
amountsof niobium ina uminum films deposited from the acidic melt. Addition of a uminum powder to Nb(V) solutionsenabled
deposition of dightly more niobium; however, aluminum is capable of reducing niobium to the zero-valent state and proved
unreliable in forming consistent amounts of low-valent niobium species. A similar approach using niobium powder proved
successful in forming Nb(l11) species, the reduction of which resulted in niobium contents of 10 - 12 % in the co-deposited
niobium/aduminumfilms,

Evaluation of LewisAcidity in Chloroaluminate Systems
RESEARCHER: Professor Graham T. Cheek
SPONSOR: 1999 Kinnear Fellowship

The Lewis acidities of several solvent systems in the Fries rearrangement (aromatic esters to ketones) has been
assessed. The solvent systems studied were sulfolane / auminum chloride, acetonitrile / aluminum chloride, and the room-
temperature molten sat system composed of a uminum chloride and 1-ethyl-3-methylimidazolium chloride (EMIC). Thesubstrate
mol ecule was phenyl benzoate, chosen becauseits el ectrochemical properties(relative ease of reduction) allow it to bemonitored
in solution by voltammetric techniques. Although the reduction of phenyl benzoate could be observed in all of the solvent
systems mentioned, the most promising results were obtained in the AICI;EMIC molten sat system. This system allowed
voltammetric observation of all componentsof thereaction, including the ester substrate, the ketone product, and themelt acidity.
Méelt compositions are given asmoleratios of AICI, to EMIC; for example, 20.8:1.0 melt compositionisbasic, a1.0:1.0 meltis
neutral, andal.2: 1.0mdtisacidic.

The reduction of phenyl benzoate appears asareduction pek a - 1.86 V. AsAICl, isadded to the systemto give only
adlight molar excessof AICI,, ashiftinthereduction processto-0.78 V occurs. Thisshift isdueto complexation of the substrate
by AICI,. Heating the solution to 85°C resuilted in a decrease of the reduction peak a -0.78 V (complexed ester peak), and the
appearance of another peak at -1.20 V (rearrangement product). After 2-3 days, the voltammetric scan appeared to undergo no
further change. The reaction mixture was found to contain both the rearrangement product (hydroxybenzophenone) and some
phenyl benzoate starting material by GC/MS. These results demonstrate the feasibility of using voltammetric studies, coupled
with the usual compound characterization techniques, to study Lewis-acid catalyzed reactions in the chosen system. Studies
have begun in the neutral buffered melt, in which addition of sodium chloride producesrelatively constant acidity levels. Good
yields of 4-hydroxybenzophenone (with 3 isomer as minor product) have been obtained.

Investigationsinto Electrodeposition Processesin Room-Temperature M olten Salts
RESEARCHERS: Dr. John Mitchell (ASEE Post-Doctoral fellow)
Major Paul C. Trulove, USAF (AFOSR), Co-PI
Major Hugh C. De Long, USAF (Assistant Professor at USNA and Co-PI)
Dr. Patrick Hagans (NRL/Carderock)
Professor Graham T. Cheek (USNA)
Dr. Gery Stafford (NIST)
SPONSOR: Air Force Office of Scientific Research (AFOSR)

Aluminum alloys with enhanced resistance to chloride-induced pitting corrosion have been produced using solute
elementssuch asTi, Cr, Mn, Cu, Zr, Nb, Mo, Ta, and W. These“stainless’ aluminum alloysare of interest both for use as bulk
deposits and as coatings over existing structural dluminum aloys. Producing improved corrosion resistance in the aluminum
alloysoften requires sol ute concentrations (up to 50 atom percent, a/0) that arefar in excess of the equilibrium solubility limit (ca.
1 alo). Consequently, nonequilibrium methods such as sputter deposition, melt spinning, and ion implantation have been
employed to prepare these metastabl e single-phase aluminum dloys. Unfortunately, thesetechniquesare of limited commercial
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utility because of their high inherent cost and the difficulty associated with their application to large structures. Electrochemical
depositionisan aternative method for producing nonequilibrium aluminum aloysthat generally does not suffer from the cost and
applicability disadvantages of the above methods.

Room-temperature molten salts provide some unique properties which make them ideal for studying the deposition of
aluminumand auminumaloys. Aluminum can bereversibly electrodeposited from acidic melt compositions. Themolten salts
readily solubilize both ionic and molecular species, they possess a wide electrochemical window, they have high intrinsic
conductivities, and they arethermally stable over avery wide temperature range.

We have demonstrated the deposition of Al-Mn, Al-Co, Al-Ni, Al-Nb, and Al-Cr fromthemolten salts. Characterization
of these deposits shows them to be non-equilibrium alloys with solute concentrations up to 80 a/o. Aqueous corrosion studies
indicate significant improvement in the chloride pitting potentia over unalloyed aluminum.

Investigationsof lonic Liquid-Polymer Gel Electrolytes
RESEARCHERS: Dr. ThomasE. Sutto (ASEE Post-Doctoral Fellow)
Major Hugh C. De Long, USAF (Assistant Professor at USNA and Co-PI)
Major Paul C. Trulove, USAF (AFOSR)

Professor Graham T. Cheek (USNA), Co-PI
SPONSOR: Air Force Office of Scientific Research (AFOSR)

Room-temperatureionicliquidscomposed of perfluoroanionsand 1,3- dialkylimidazoliumand 1,2,3-trid kylimidazolium
cations possess anumber of unique properties that make them ideal electrolytesfor compact power sources. In particular, they
arenonflammable, nonvolatile, and chemicdly inert, and they display wide €l ectrochemical windows, highinherent conductivities,
andwidethermal operating ranges. Also, unlikeroom temperatureionic liquids based on chlorod uminate anions, these perfluoro
anion electrolytes are not moisture sensitive.

For manufacturing and design optimization, solid-state el ectrol yteswith highionic conductivitiesare preferred to liquid
electrolytes. Inthisresearch program weinvestigated the generation of solid-state electrolytes that incorporate perfluoro anion
ionicliquidsinto apoly(vinylidenefluoride)-hexafl uoropropylene copolymer. Thesefree-standing rubbery electrolytes appear to
retain much of the desirable propertiesof the perfluoro anionionicliquids. We alsoinvestigated the physical and €l ectrochemical
propertiesof thesegel e ectrolytesusing thermal mechanical analysis, differential scanning calorimetry, imbedded microe ectrode
techniques, AC-impedance, and luminescent probe molecules. In addition, we evauated graphite intercalation anodes and
cathodes with the ionic liquid-polymer gd dectrolytes in solid-state cells employing the dual intercalating molten electrolyte
(DIME) concept.

Molecular Dynamics Simulationsof Shock-Induced Chemistry in Acetylene
RESEARCHER: Professor Mark L. Elert
SPONSOR: Nava Research Laboratory (NRL), Code 6189

Workersin Russiaand the United Statesfirst proposed in the 1960'sthat oligomers and perhaps polymers could result
from shocked ol efins. The noted astronomer Carl Sagan has also suggested that the orange color of Jupiter’satmosphere might be
dueto shock-induced production of polycyclic aromatic hydrocarbonsfrom acetylene dueto meteor impact. Toinvestigatethese
hypotheses, two-dimensional molecular dynamics (MD) simulations of shock-induced chemistry in solid acetylenewere carried
out, using a reactive empirical bond order potentia for hydrocarbons. These are the first MD simulations ever performed of
shock-induced chemistry in hydrocarbons. Flyer plateimpact speeds of lessthan twel ve km/sec produced no chemical reactions,
but abovethat threshold significant polymerization occurred inthevicinity of theimpact site. Themajor productswereoligomers
of trans-polyacetylene.
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Studiesof the M echanism of AnomalousL ow Temper atureCrystallization

on Laboratory Analogsof Interstellar Grains
RESEARCHER: Associate Professor Robert F. Ferrante
SPONSOR: NASA/Goddard Space Flight Center

Comets and other interstellar objects are believed to have formed by the accretion of silicate dust grains upon which
volatile molecules have condensed asices; the particles may have undergone various types of processing both before and after
accretion. Laboratory studies have been used to model such condensation processes, and their results employed in the
interpretation of the thermal- and radiation-processing history of the natural systems. Such models have always assumed the
formation of amorphousice at low temperatures. However, our work over thelast few years, utilizing silicate grain analogsasa
substrate for smpleices of astrophysical interest (H,O, CH,OH, €tc.), have indicated that the nature of the dust particle surface
may have an effect on the crystallization behavior of theice coating. Theicesare observed toformin the crystalline phase, even
during deposition at temperatures near 10 K; in contrast, similar studies performed in the absence of the silicate lead only to
amorphousices on low temperature deposition. |f these laboratory studies represent good modelsfor the natural process, then
are-eva uation of theamorphousiceassumptioniswarranted. Thework performed hereisdesigned to explorethe mechanism of
the observed anomal ouslow-temperature crystallization (LTC). Thegoal isto provide abetter understanding of the significance
of these observations towards interpretation of astrophysical data.

Our evidence suggeststhat the LTC effect is associated with the degree of oxidation of the silicate grains, and with the
surfaceareaand poresizedistribution of the material. Weareusing thermal and chemical trestmentsto vary the surface properties.
Silicate" smoke” substrates are baked at varied temperaturesand durations, in vacuum, hydrogen and oxygen. Somesamplesare
exposed to chemical oxidation by ozone. Samplesare aso being processed by electron, proton, and argonionirradiationin and
attempt to alter pore characteristics. Treated samples are analyzed for surface area and pore size distribution, and tested for
efficacy in the LTC effect by low temperature FTIR spectroscopy of condensed adsorbateices. Current evidence suggests that
the LTC may be an extreme example of thelowering of phasetransition temperaturesfor materialsconfined to small pores, or result
from an anomaly in surface diffusion ratesthat placesthe samplebel ow thetheoretical “ critical flux” for amorphousiceformation.
Additional ices, and other model grain modelswith different (e.g., Feand Mg silicates) or sharp (silicaagrogel s; molecular sieves)
poresizedistributionswill also beutilized.

Explorationsof Laboratory M odelsfor the Catalytic For mation of M ethane

by SilicateInterstellar Dust Grains
RESEARCHER: Associate Professor Robert F. Ferrante
SPONSOR: NASA/Goddard Space Flight Center

In the molecular cloud from which the solar system condensed, CO was the most abundant carbon-bearing
molecule. However, gas-phase reactions converting CO to methane are quite slow, and are thought to be insufficient to
account for the large amount of organic material observed. Catalysis by dust grains, especially those bearing transition
metal atoms, may offer an alternative route to methane and other organics. The Fischer-Tropsch synthesis of methane

grain
3H,+CO —» CH,+HO

catalyzed by Fe or Ni surfaces, has been considered theoretically, and appears to provide reasonable yields of organics
under some appropriate conditions.

Preliminary studies indicate that the conversion of H,/CO mixtures into simple hydrocarbons is quite facile on our
silicate smoke grain anal ogs, which have been doped to 10-50% (by mass) withiron. Methane, ethane, and etheneall formedin
amountstotaling afew percent conversionin aperiod of only 3hours, at relatively low temperatures (300°C). 1sotopic substitution
provesthat the organicsare mostly formed from the added gas, and not from impuritiesinthesilicates. Some characteristicsof the
catalysts have been explored. Whilethiswork continues, the possibleformation of NH, by catalysisof aH,/N, mix hasalso been
pursued. This hasvery important implications from the point of view of the origin of biochemical precursors, a process also of
great interest. It has not yet been observed. Additionally, the analysis of some used catalysts suggests the formation of new
non-volatile compounds formed in the matrix. Work on these interesting findingsis continuing.
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Molecular Dynamicsinvestigationsof the Tribology of Diamond Surfaces
RESEARCHERS: Dr. Paul T. Mikulski, Dr. AlanB. Tutien,
Dr. Steven J. Stuart (Post-Doctoral Fellows)
and Associate Professor Judith A. Harrison
SPONSOR: Office of Naval Research (ONR)

Friction and the related phenomenon of wear aretwo of themore costly problemsfacing industry today. Understanding
and ultimately controlling friction and wear havelong been recognized asbeing central to many areas of technology. For instance,
combustion engines break down and cutting tools become dull usually because of friction induced wear. Despite the obvious
importance of friction and theinduced wear, much of the atomi c-scal e dynamicsresponsiblefor these phenomenaremain elusive.
If the atomic-scale origins of friction and wear were understood, thismight ultimately lead to the design of material swith specific
friction and wear properties.

Molecular dynamics (MD) smulations have been used to investigate the atomic-scale origins of friction and wear in
hydrocarbon systems. Previously, the atomic-scale friction that resulted when two diamond (111) surfacesare placed in diding
contact was examined. Using MD simulations has proven useful in examining atomic-scale friction and relating the results to
experimental data. For example, tribochemical reactionsand their atomic-scale mechanismswere catal oged. Thesereactionsand
their productswere cons stent with inferences drawn from macroscopi ¢ friction experiments on diamond.

More recently, we have re-fit the potential energy function needed to carry out these simulations. We have adapted this
potential sothat, in addition to solid and gas phase hydrocarbons, liquids can a so be simulated. Thiswill alow usto examinethe
break down of liquid lubricantsand self-assembled monol ayer systems. Thisnew potentia energy function has been documented
and has appeared in The Journal of Chemical Physics.

Atomic force microscope measurements show that thefriction of alkylsilane chainsbound to silicon surfacesdecreases
asthe length of the alkyl portion of the chain increases. This phenomenon was recently examined using C,, C ,, and C,, dkane
monolayers bound to diamond surfaces. The simulations showed that friction is intimately linked to the formation of gauche
defects, or disorder, within the monolayers. In addition, the simulations showed that the contact area of the tip used in the
smulationsaffectsthe observed friction. For large contact areas, frictionishigher the shorter the alkane chain in agreement with
experimentd results. These results have been published in Langmuir and The Journal of Physical Chemistry B.

I nvestigation of the Physical Propertiesof Carbon Nanotubes
RESEARCHERS: Dr. Carter T. White(NRL),
Dr. Daniel H. Robertson (IUPUI), and Associate Professor Judith A. Harrison (USNA)
SPONSORS: Office of Naval Research (ONR) and Naval Research Laboratory (NRL)

It has been recently proposed that carbon nanotubes might constitutewell-defined tipsfor scanning probe microscopies
(SPM). Multiwalled nanotubes have been shown to perform well as SPM tipswhen used in tapping mode, dueto their desirable
combination of stiffnessand flexibility. We have been using molecular dynamics simulationsto examinethe physical properties
of hemi spherically-capped carbon nanotubes. These simulations provided insight into the utility of these tubes as scanning force
microscope tips. Simulations demonstrate that the capped nanotubes, although undergoing complex deformations, have the
remarkable ability to recover reversibly when pushed into a hard substrate, such as diamond.

The lateral and transverse motions of [n,n] single-walled nanotubes have been investigated. These results show that
single-walled nanotubes vibrate in both the transverse and the laterd directions. Examination of [10,10] nanotubes of various
lengths revealed that the frequency of the vibrations was linear with the square of the nanotube length. The frequency of lateral
vibrations of nanotubes with different radii was shown to be linear with radius. These results were presented at the 1998 Fall
Meeting of the Materials Research Society in Boston.

More recently, we have examined the usefulness of double-wall nanotubes as SPM tips compared to single-wall
nanotubes.
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Molecular Dynamics|nvestigationsof the Tribology of Diamond Surfacesand Films
RESEARCHERS: Dr. Alan B. Tutien (Post-Doctoral Fellow)
and Associate Professor Judith A. Harrison
SPONSOR: Air Force Office of Scientific Research (AFOSR)

Microel ectromechanica systems (MEMYS) represent an emerging technology. These systems have generated a great
deal of interest because of their potential use as sensors and actuators. The devices are on the order of micronsinsizeand it is
possibleto fabricatethousands of devicesat onetimefor acost of afew cents per device. Consequently, any syssemwithMEMS-
based technol ogieswill belighter, smaller, and lessexpensivethan asystem utilizing non-M EM S-based technol ogies. Workersat
SandiaNationa Labspredict that these deviceswill play asignificant rolein future technol ogieswith abroad range of commercia
and military applications. Possiblefuture applications of MEM S-based devicesinclude accel erometersfor usein military systems
such asstability control, attitude heading reference, and short-timeflight navigation. The use of silicon-based MEM Sdevicesin
nanosatel lites to form an interconnected aerospace surveillance system has been proposed by The Aerospace Corporation.
Workersat Hughes Aircraft Company and collaborators have proposed aM EM S-based system to replace current rocket, missile,
and space vehicle navigationa systems.

Silicon-based MEM Sdevices suffer from two major problems. First, because these devicesare so small, thefabrication
process can leave critica components adhered to one ancther. The phenomenon, call gtiction, renders the MEMS device
inoperable. Second, thewear rate of siliconissuchthat MEM S composed of silicon cannot be used in applicationswere partsare
inrelative motion for extended periodsof time.

To overcome these problems researchers at the University of California have suggested coating the silicon-based
MEMS with carbon coatings. Researchers at the Raytheon Corporation have suggested constructing MEMS devices from
diamond because it posesses superior friction and wear properties compared to silicon.

We have extensive experience investigating the friction and wear of diamond, which should lend insight into the
construction of diamond-based MEMS. In addition, we are currently debugging amolecular dynamics codethat will be capable
of examining thefriction and wear properties of silicon-based MEM S devices coated with carbon films.

Funding was recently increased for this project so that afull-time postdoctoral associate could be hired to conduct the
research. This postdoctoral associate is scheduled to be appointed at the end of July 2000.

DoD Reactive Atomic-Scale Potential M olecular Dynamics (RASP-MD)

for Computation and Prediction of MaterialsProperties
RESEARCHERS: Dr. John W. Mintmireand Dr. Carter T. White (NRL),
Dr. Brad L. Holian (Los Alamos National Laboratories),
Dr. Daniel H. Robertson (IUPUI), Professor Mark L. Elert (USNA),
Dr. Steven J. Stuart, and Associate Professor Judith A. Harrison
SPONSOR: Common HPC Software Support Initiatives

Theoverall god of thisproject isto devel op ascalable and portable suite of programsfor MD simulations of materials
of critical DoD interest using chemically realistic potentials. The planned software suite was developed as a main set of MD
programs that interface with the empirical potentia routines via a custom application programming interface (API). A set of
auxiliary routineswill be constructed that implement the NRL -devel oped REBO and ES+EAM potentid sand the USNA devel oped
AIREBO potential using API.
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Investigationsintothe Effectsof Tripodal Ligandson Transition M etal Environments
RESEARCHERS: Assistant Professor J.R. Hartman and Midshipman 1/C R. Jeremy Wheat, USN
SPONSORS: Naval Academy Research Council (NARC) and Office of Naval Research (ONR)

Crown and cryptand ligands are useful for binding metal ions because the constrained nature of crown and cryptand
ligands alows them to form metal-complexes in which the metal has unusua steric and electronic properties. Unfortunately,
crowns and cryptands are difficult to prepare and purify, and hence expensive.

Podands (“ many-armed” ligands) can act as either constrained ligands that form cryptand-like metal complexes or as
unconstrained ligands that form cross-linked polymeric metal complexes. In the proposed research, the chemistry of a novel
series of TREN-based tripodal ligands have been synthesized and are being studied to characterize their method of binding and
to determine where they fit in the scale of preorganization that ranges from linear ligandsto cryptands.

We have begun to study the binding properties of TREN-based podand ligands by comparing the properties of the metal
complexes with a series of podands to those with the analogous linear ligands. We have chosen to focus initialy on a series of
aminopyridyl ligands. We have prepared the ligands and are currently studying the steric, eectronic, and gas-phase-reactivity
propertiesof copper(l1) and nickel (11) complexesto determineif thetripod cavity isconstraining the conformation of themetal ions.

Synthesisand Char acterization of Amphiphilic Ruthenium-based ML CT Complexes
RESEARCHER: Associate Professor William B. Heuer
SPONSOR: 1999 Kinnear Fellowship

Metal complexesexhibiting strong metal-to-ligand charge-transfer (ML CT) absorptions have been studied as potentia
non-linear optica (NLO) materials, ascomponents of solar energy conversion systems, and asenvironmental ly-sensitive probes
for study of membrane structure. The goal of this project is to prepare new types of LMCT complexes bearing non-polar
hydrocarbon“tails’. Themostimportant classof MLCT complexesare based on Ruthenium(l1) complexed with various substituted
pyridineor polypyridineligands. Our initial effortshavefocused on the preparation of aseriesof [Ru(NH,).L]™ complexes, where
L representsaseriesof akylated 4,4-bipyridinederivatives. A seriesof mono-akylated 4,4-bipyridinium satsbearing C, C , and
C, “tails’ have been synthesized and characterized using *H NMR spectroscopy. Efforts are currently underway to prepare
coordination complexes of these ligands by ligand substitution onto [Ru(NH,) (H,0)]*. Since the proposed complexes contain
both a charged, polar “head” group (the Ru(Il) center) with a nonpolar hydrocarbon tall, it is expected that they will exhibit
interesting amphiphilic properties. For example, depending upon thelength of the hydrocarbon “tail” they may show interesting
aggregation propertiesand perhaps micelleformationin agueous sol ution. Wea so anticipatethat theseamphiphilic [Ru(NH,) L]™
complexeswill form supramolecular “ host-guest” complexeswith helical amyloseashost. Ultimately, we plan to study the effect
of supramolecular inclusion upon the photophysica properties of the MLCT chromophore. Besides providing a new approach
for study of fundamental aspectsof ML CT photochemistry, such complexes may exhibit improved NLO properties.

Synthesisof [C-11]L-159,884: A Radiolabeled, Nonpeptide Angiotensin || Antagonist
for Angiotensin I, AT, receptor Imaging
RESEARCHERS: Assistant Professor Christopher M. Kinter and Midshipman 2/C John T. Hendrix, USN
SPONSORS: Naval Academy Research Council (NARC) and Division of Nuclear Medicine and Radiation Health
Sciences, The Johns Hopkins University Medical Institutions

Angiotensinll (Ang I1) playsakey rolein theregulation of cardiovascular function. The octapeptideangiotensinll is
produced from angiotensin | by reaction involving the enzyme angiotensin converting enzyme (ACE). Angll, throughinteraction
with membrane receptors in various tissues, controls the constriction of vascular smooth muscle, modulation of glomerular
filtrationrates, and sodium retention. Throughtheseeffects Ang Il playsacritica roleintheregulation of blood pressure. Infact,
antihypertensin drugs such as captopril, enaopril, and lisinopril function by preventing the formation of Ang Il by inhibiting
ACE. Despitetheclinical usefulnessof the ACE inhibitorsthey do suffer from problems such as poor oral availability and their
short duration of action. Additionally, these drugs suffer from common side effects such as a dry cough and angioneurotic
edema. Pharmaceutical companies have begun to pursue amoredirect method of regulating blood pressure by developing Ang
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Il antagonist. Studies have shown that there are at least two distinct Ang 11 receptor subtypes, AT, and AT,. Thefirst, AT , is
thought to be responsiblefor all the known physiological function of Ang 1. The functiona role of the AT, receptors has yet to
be clearly demonstrated. Research effort has been directed towardsthe synthesis of [ C-11]L-159,884 aradiol abeled, nonpeptide
angiotensin 11 antagonist that is useful inimaging the angiotensin |1, AT, receptor using positron emission tomography (PET).
L-162,914 servesasthe precursor to [ C-11]L-159,884 and was prepared by aconvergent routein 11 stepswith an overall yield of
34.4%. [ C-11]L-159,884 was produced by methylation of the phenolic group of the precursor by cyclotron produced [C-11] methyl
iodide. Studiesof theangiotensinll AT, arecurrently underway using[C-11]L-159,884.

Hydr ogen per oxide, methylhydr oper oxide, and for maldehyde:
Their Relationship to Tropospheric Oxidant Chemistry and Transport

over theEquatorial South Pacific
RESEARCHERS: Assistant Professor Daniel W. O’ Sullivan (Co-Pl )
and Associate Professor Brian G. Heikes (PI; University of Rhode | sland)
SPONSOR: National Aeronauticsand Space Administration (NASA)

We completed measurements of gas-phase hydrogen peroxide, methylhydroperoxide, and formal dehyde on board both
the NASA DC-8 and P3-B aircraft as part of the NASA/GTE PEM-Tropics B mission. Atmaospheric concentrations of the above
specieswereobsarved inthe Pacific troposphereat dtitudesfrom 0.5to 13kmand from 130°E to 115°W and from 40°N to 38°S. The
target species are directly coupled to tropospheric oxidants as sources of odd-hydrogen and odd-oxygen radicals, as reservoirs of
these species, and as conductorsin their loss. The net production of ozone or odd-oxygen in the troposphereislargely predicted on
the basis of photochemica point model simulations based upon measured concentrations of hydrocarbons, nitric oxide, water,
carbon monoxide, ozone, and sunlight; and both measured and mode! diagnosed concentrations of nitrogen dioxide, perhydroxyl,
methylperoxyl, and hydroxyl radicals. The peroxide compounds and formal dehyde measured during the field program provided
mechanigtic insight and chemica congtraints to the purely chemical model simulations and provided an additional measure of
confidenceinthemode results. Multi-dimensional space-time model s suggest that atmospheric motions, the vertical transport and
mechanical redistribution of the hydroperoxides, may haveaprofound effect on odd-O and odd-H chemistry intheupper troposphere.
Resultsfrom thisproject have demonstrated that photolysis of the peroxidesin the upper troposphere are significant sources of odd-
H, particularly at high latitudes. These observations and examinations of their impact on our understanding of tropospheric gas
phase chemistry have resulted in three papersin the Journal of Geophysical Research Atmospheres.

I mpact of Super oxide Redox Cycling on the Chemical and Optical Properties

of Chromophoric Dissolved Organic M atter
RESEARCHER: Assistant Professor Daniel W. O’ Sullivan
SPONSORS: Naval Academy Research Council (NARC) and Office of Naval Research (ONR)

Interest in reactive oxygen speciesin the environment has been stimulated by atmospheric chemical problemssuch as
smog formation, stratospheric ozone depletion, and acid rain. Because of the need to understand these chemical problems,
atmospheric gas-phase reactions of oxidants and the related primary photochemical processes have been intensely studied. As
aresult atmospheric photochemistry hasbecomeahighly devel oped subdiscipline. Aquatic photochemistry islesswell devel oped,
largely because of the complex chemical composition of most natural waters. Recent studies indicate that photo reactions
producing reactive oxygen species (O,G'O,, singlet dioxygen; OH, hydroxyl radical, and RO,, organic peroxy radicals) can
significantly influence the cycling of carbon, oxygen, sulfur, and biologically important trace metals. Asin the atmosphere,
reactive oxygen species can act to cleanse the aquatic environment of bioactive pollutants or in some cases, convert wastesinto
more toxic substances. Superoxide has the highest steady state concentration of reactive oxygen speciesin natural waters, and
isthefirgt intermediatein most oxygen mediated oxidations. Recently photo induced redox reaction involving superoxide have
been shown to significantly alter chromophoric dissolved organic matters optical properties in surface waters. In spite of the
centra roleof superoxidein natural water photochemistry, thekinetics and mechani smsof itsformation and destruction are poorly
understood. We have demonstrated that superoxide can be qualitatively determined in aqueous sol utions using luminol-based
chemiluminescence. This method has the sensitivity, selectivity, and samplig resolution required to perform detailed kinetic
studies of superoxide and chromophoric dissolved organic materials at levels near those found in natural waters.




Chemistry Department 109

Segmental Relaxation of Polystyr ene-co-vinylphenol
RESEARCHER: Assistant Professor MariaJ. Schroeder
SPONSOR: Office of Naval Research (ONR)

The segmental dynamics of polymers underlie to some extent maotions at al longer times; thus, investigation of the
structural relaxation associated with the glass transition has obvious appeal. Copolymersallow structure/property relationships
to be probed viasystematic changesin chemica composition. Inthiswork, dielectric and mechanica measurementson polystyrene
copolymerized with varying levels of vinylphenol are obtained. The presence of the hydroxyl groups on the vinylphenol
substantially increases both the glass transition temperature and the segmental relaxation times of the copolymer. However, the
shape of the relaxation function, as well as the temperature dependence of the relaxation times, is invariant to copolymer
composition. This indicates that there is no variation among these copolymers in the degree of intermolecular cooperativity
associated with their segmental relaxation and enhanced interactionsarising from polar modification of the polystyrene are short-
lived on thetime scale of the segmental dynamics. Although fragility wasfound to beindependent of copolymer composition, the
heat capacity change at T, increases with increasing vinylphenol content. The absence of a correlation between these two
quantitiesis contrary to an energy landscape interpretation of fragility.

Assembly-Phobic Behavior of p-M ethylStyrene Rodcoil M olecules
RESEARCHER: Assistant Professor Craig M. Whitaker
SPONSORS: Petroleum Research Foundation (PRF-ACS) and
Naval Academy Research Council (NARC)

The goal of this research project was the continued study of how changes in the length and cross-sectino of the cail
segment affect the self-assembly of rodcoils. Recently, several rodcoil derivatives have been synthesized with a variety of
functional group and only a handful of these compounds self-assembled into nanostructured materials with a polar-stacked
architecture. Wearestill not sure of the dominant force(s) that lead to self-assembly of rodcoils. Itisagreat scientific challenge
tolearn how to encodein the structure of simple moleculesthefactorsthat will lead to their programmed assembly intoidentical,
supramolecular structures. Learning to control the macroscopic self-assembly of materialsinto functional devicesisafascinating
prospect for technology.

Thecrestion of afamily of rodcoil materialswill probetherolethe coil segment of therodcoil moleculesplay intheability
to spontaneoudly form regular shaped units when cast from asolution. Rodcoil contains one block of abulky p-methylstyrene
oligomer, asecond block of aflexibleisoprene oligomer, and the third block of amesogenic (liquid crystalling) unit containing
multiple biphenyl groups. By systematicaly changing the length of the p-methylstyrene and isoprene segments we will probe
how the self-assembly of the systemischanged. Thefollowing rodcoil derivativeshave been synthesized and are currently being
studied for their mesogenic behavior: (9,9), (9,15), and (15,15), p-methyl styrene and isoprene, respectively.

Synthesisof M oleculesfor Liquid CrystallineDisplays
RESEARCHER: Assistant Professor Craig M. Whitaker
SPONSORS: Dr. R. Shashidhar, Naval Research Laboratory (NRL)
and Office of Naval Research (ONR)

We are continuing to study novel moleculesto demonstrate anew alignment process that does not require mechanical
rubbing and is suitable for flat panel displays. The new process, which involves a combination of chemisorption and photo
polymerization, creates an anisotropic surface that guidesthe orientation of theliquid crystal molecules. The processisaroom
temperature process, easy to scale-up for manufacturing, applicable to different types of surfaces and capable of fine-control of
the pre-tilt needed for active-matrix display devices. The research isaimed at demonstrating the feasibility of the process for
attaining stable and varying pre-tilt angles with out compromising the quality of the alignment and show the applicability of the
processfor active matrix and passive matrix displays.

Thefollowing moleculeshave been synthesi zed to achieve pre-tilt angleintherange of 1 - 5°with an accuracy of +/- 0.2°.
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Previoudly, a series of ester and ether derivatives were synthesized with different akyl chain lengths. During these
studieswe becameinterested in anew family of materials, coumarin derivatives. The coumarins have the unique ability toform
cross-linked structures upon photolysis which isimportant for the alignment of the liquid crystals. Several different coumarin
derivativeswere prepared with alkyl groupsranging from 4 to 10 methylene units.

M esogenic Propertiesof L aterally Substituted Ter phenyls
RESEARCHER: Midshipman 1/C Garrett Burkholder, USN (SC495 and SC496 Projects)
ADVISER: Assistant Professor Craig M. Whitaker
SPONSORS: Naval Research Laboratory (NRL) and Office of Naval Research (ONR)

Inrecent years, the synthesis of new mesogenic materid shasincreased dramaticdly in an attempt to satisfy thegrowing range
of applications. Mr. Burkholder attempted to synthesize severd homologues of diakylterphenyls then evauate their mesogenic
properties. Pdladium-catalyzed cross-coupling reactionsand Friedd -Craftsacyl ationswereusedin the synthes sof thenove compounds.
These materids were prepared in order to understand the steric effects of laterd akyl-subgtituents on mesomorphic properties. The
mesomorphic behavior and hence the auitability for gpplications of compounds has been shown to depend strongly on the relative
positionsandtypesof thelaterd subgtitutentsincorporatedintothematerias. However, thechemistry involving theaddition of thelaterd
side-chainshas proven to be extremdy difficult. Wewere only ableto synthesize the parent compound in good yield.

Synthesisof Liquid CrystallineMaterialswith Hexadecyl Side Chains
RESEARCHER: Midshipman 2/C SandraSmith, USN (SC496 Project)
ADVISER: Assistant Professor Craig M. Whitaker
SPONSORS: Naval Research Laboratory (NRL) and Office of Naval Research (ONR)

The synthesis and characterization of an organic liquid crystalline material with multiple hexadecyl side chains were
pursued. The compound was based on an (alkoxybenzoyloxy)hydroquinone backbone laterally substituted with the hexadecyl
side-chains. In recent years, the synthesis of new mesogenic materials has increased dramaticaly in an attempt to satisfy the
growing range of industria applications. Much interest surroundsthe family of hydroquinone compounds dueto their ability to
form interesting mesophases. These materials may aso find widespread applications as host materials for display devices, in
nonlinear optics, information storage, and twisted nematic el ectro-optic systems.

Ms. Smith began the project in the second half of the semester and nearly completed the entire synthesis. Shewasonly
unableto get thefinal step in the reaction to proceed in good yield.

'H NMR Studiesof Coordination Environmentsfor Nickel(I1) Complexes
RESEARCHER: Midshipman 2/C SandraSmith, USN (SC496 Project)
ADVISER: Assistant Professor Craig M. Whitaker
SPONSORS: Petroleum Research Foundation (PRF-ACS) and Office of Naval Research (ONR)

The solution state study of coordination environmentsfor Nickel (11) complexes containing threeaminopyridineligands
isreported. The molecular geometriesin the solid and gas phases of various aminopyridine-nickel (11) complexes have recently
beenreported. TheH NMR eva ution of the nickel complexeswill givevaluable evidence the solvation affectson the coordination
chemistry and the binding preferences of the ligands toward square planar or octahedral geometries. The three complexes that
were studied are Ni(AM-pyr),, Ni(DIEN-pyr), and Ni(TRIEN-pyr). Nickel occurs in the active site of many classes of
metalloenzymes. By itsalf, nickel(11) doesnot have astrong preferencefor aspecific geometry in solution chemistry. Therefore,
biological ligandsdetermine nickel’sstructure and affect itscatalytic activity. Theaminopyridineligandsare highly-constrained
and can bethought of asarigid cage around the nickel center. Because of theligand'srigidity, the complexes can be stable, even
inunusual oxidation states. Ms. Smithwasinitialy trained ontheNMR. The'H NMR studiesin acetonitrile-d, solvent reveded
that al three nickel complexes prefer to adopt an octahedral geometry, despite the variation in the number of coordination sites,
which ranged from three to seven donor atoms per ligand.
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| ndependent Resear ch

Synthesisof PhosphorusAnalogsof Amino Acids
RESEARCHER: Associate Professor DebraK. Dillner

Inthisproject, the synthesis of various al pha-aminophosphonate esters, anal ogs of amino acids, are being synthesized.
Thesetypes of compounds are of great interest as potential therapeutic agents and the specific targets may be potential agonists
of botulismtoxin. Alpha-aminophosphonate estersare considered to betransition state mimics of natural polypeptide substrates
of avariety of enzymes. Theinherent geometry of the phosphonate group makesthese compounds competitiveinhibitorsfor the
active site.

The targets of this project are a selection of alpha-aminophosphonates with two key features. The first feature isthe
ability to vary alkyl and aryl groups at the a pha position, including anal ogs of severd amino acids, such asarginine. The other
unique feature isthe inclusion of specific groups on the nitrogen. The desired groups are either an acetate or a carboxybenzoyl
(CB2) group. The acetate group would allow these compounds to be placed at the N-terminus of a polypeptide chain with the
nitrogen remai ning protected in thetherapeutic agents. Theinclusion of aCBz would allow these compoundsto beincorporated
intheinterior of apolypeptidechain. Solid state peptide synthesis can incorporate appropriate phosphonates and the CBz group
can then be removed from the nitrogen and additional amino acids added to the N-terminus.

The synthetic pathways being investigated involve condensation of aldehydes with various amine and phosphorus
reagents. The god of the pathways being investigated is to produce the desired products with a minimum of protection/
deprotection steps. One pathway that has been successful requires seven synthetic steps.  Shorter syntheses of the same
compoundsaregreetly desirable. For example, benzal dehyde can be condensed with benzyl carbamateto form the CBz protected
imine. Thisagent can then be reacted with the anion of diethyl phosphiteto yield the CBz protected al pha-aminophosphonate.
Manipulation of the groups on the phosphonate isthen required to produce asubstrate suitable for peptide synthesis. In another
pathway, al dehydes are condensed with phosphitesdirectly to produce the a pha-hydroxy phosphonates. Methodsfor conversion
of the alcohal to the acetamide or CBz protected amine are possible. Successful completion of either of these routes would be
three steps shorter than previous syntheses of similar compounds.

Octa(hydr oxymethyl)tetr aazapor phyrin:
A New Water Soluble Tetraazapor phyrin Macrocycle
RESEARCHER: Associate Professor Jeffrey P. Fitzgerald

Tetraazaporphyrins bearing peripheral functional groups capable of acting asligandshaverecently been reported. The
classic example of such acomplex is Hoffman’s nickel(11) star- porphyrazine in which eight thiolate groups on the macrocycle
periphery bind four tin(1V) ions (in addition to the nickel(11) ion bound in the center of the tetraazaporphyrin ring). Synthetic
routes to macrocycles possessing thiols, amines, ethers and alcohols have a so been described.

Our interest in these macrocycles stems not from their ability to coordinate additional metal ions but from how these
peripheral functional groups might causethe macrocyclesto aggregate. Such molecular assembliesmay have novel optical and/
or magnetic properties. Inthiswork, wesynthesi zed anove tetraazaporphyrin macrocycle, octa(hydroxymethyl)tetraazaporphyrin.
Our dtrategy hasbeento convert 1,4-dihydroxy-2-butyneto amal eonitrile bearing two protected hydroxymethyl groups. Cyclization
of this pecursor followed by deprotection gives octa(hydroxymethyl)tetraazaporphyrin, abeit in low yield. We are presently
working onimproving theyiedinthecyclization reaction.
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Vanadium Dicyanoper fluorostilbene: A Charge-Transfer Magnet with Tc~210K
RESEARCHER: Associate Professor Jeffrey P. Fitzgerald

In1991, Miller and coworkersreported thereaction of V (benzene), and tetracyanoethylene (TCNE) toyield asolid which
is magnetic at room temperature. In the intervening years, other metals have been found to react similarly, however no other
organic receptor has been reported to replace TCNE. We have synthesized the novel one-electron acceptor,
dicyanoperfluorostilbene (DCPFS), and discovered that it reactswith V(CO)6 or V (benzene)2 in THF to giveasolid, characterized
asV (DCPFS)2, that appearsto order ferrimagnetically with Tc~ 210 K. Thissecond exampleof magnetic orderinginamolecule-
based magnet may provide needed insight into the mechanism of magnetic ordering in these poorly understood systems.

Electrochemistry of D-p-D and D-1=A Chromophores

I ncor por ating Dithienothiophene(DTT) ast-Center
RESEARCHER: Associate Professor William B. Heuer

Thisproject involves studies of potential Electroluminescent (EL) materials being conducted in collaboration with Dr.
Oh-Kil Kimat theNava Research Laboratory. Upto now, organiclight-emitting diodes (OLED’s) havetypically been constructed
by sandwiching multiple polymer layerswith different structures/functions (hole transport, electron transport, emitter) between
atrangparent indium tin oxide (ITO) anode and a metallic (Ca, Al or Mg-Ag dloy) cathode. High device efficiency requires
balanced injection of electronsand holes (through their respectivetransport layers) into theemitting layer, wherethey recombine,
forming singlet exitons whose radiative decay producesvisiblelight. An aternative approach involvesthe use of asingle layer
comprised of a“hybrid” material which incorporates all three functions into the same molecule. Specifically, we have been
studying aseriesof D-TA chromophores containing weak donor (holetransporting) and acceptor (el ectron tranporting) substituents
appended to afused terthiophene (dithiencthiophene, DTT) “ Tt-center” astheemitter. AnalogousD-TeD systemshave also been
studied for comparison. Cyclic voltammetry of thesemolecules (in DMF) indicatesauniqueroleof DTT inthe redox processes,
such that conjugation through the DTT center facilitates both the oxidation of the donor groups and reduction of the acceptor
groups. HOMO/LUMO gap energies obtained from electrochemical potentials are in good agreement with those obtained by
spectroscopic means, and suggest that these materials may bewell-suited for OLED applications. A communication describing
the results of the electrochemical studies has been submitted for publication.

Depletion Kineticsof Chromium Atomsby Sulfur Dioxide
RESEARCHER: Associate Professor Roy E. McClean

Thiswork ispart of aproject (initially funded by the Research Corporation) to determinethereactivity of transition metal
atomstoward sulfur dioxide in the gas phase. The focus of this part of the project ison the interaction of chromium and sulfur
dioxide. Thiswork wasstarted during the 1998 - 1999 academic year and isnow complete. The manuscript hasbeen submitted to
The Journal of Physical Chemistry for publication.

Ground state and excited states of atomic chromium interact with sulfur dioxide at exceptional rates. Ground state Cr
formsa 1.1 adduct with SO, with an estimated bond energy of 53 kcal mol ™. The bond energy was estimated by combining the
kinetic resultswith unimol ecul ar ratetheory and density functiona theory. A charge-transfer intermediateisindicated for CrSO,
formation. In the presence of SO,, the excited states deplete at or greater than the gas collision rate. For the state depleting at
greater thanthecallision rate, long rangeinteractions based on molecul ar polarizabilitiesand ioni zation potential sof theinteracting
particlesareindicated.

A comparison of this system with the other group 6 (Mo and W) + SO, systems indicates that charge-transfer, long
range atractions, and transition metal orbital occupancy play major rolesin the depletion kinetics of transition metals by SO,
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Crystal Structur e Deter minationsof Pentadentate and Hexadentate

Nickel and Copper Compounds
RESEARCHERS: Associate Professor Wayne Pearson and Assistant Professor J.R. Hartman

Thisstudy isacontinuation of the previouswork which Midshipman 1/C Jeremy Wheat performed in his second class
year. These comounds have proven to bedifficult to refine structurally yet we have made considerable progessin obtaining final
structures for future publication. Only one of the structures is well behaved, Ni-TRIEN at R(F) = 2.6 % while the other four
structures suffer from either disorder in the counter anion or ambiguities in the space group determination. At this stage of the
project we havethreefina structuresfor publication, onestructurewhich still holds promisefor afina structure solution, and one
structure which appearsto need another data set collected. In spite of the difficulties, Mr. Wheat presented a paper on thiswork
during the Eastern College Science Conferencein April 2000.

Photochemical Study of Cyano-1socyanide-Phosphine Complexesof Iron and Ruthenium
RESEARCHER: Professor J. E. Shade

The chemistry of carbonyl-cyano-phosphine complexes of iron has been studied extensively for the last ten years. In
genera, reflux or photolytic reaction conditions have been employed to initiate the loss of a carbonyl (CO) group from
cyclopentadienyl-iron-carbonyl starting materials with a subsequent inclusion of a phosphine or phosphite ligand on the metal
center. The resulting complexes obtained in these studies, however, dl contain at least one carbonyl group. The purpose of this
research was to prepare a series of anionic, neutral and cationic cyano, mono- and bisisocyanide complexes for reaction with
phosphine or phosphite groups under photolytic conditions. Photolysis of the monoisocyanide complex, (n°-
C,H)Fe(CO)(CN)(CNCH,), inthe presence of adlight excess of triphenyl phosphine at room temperature gave the desired product
[(n>-C,H)Fe(CN)(CNCH,(PPh,)] with lossof oneequivaent of carbon monoxide. Two additional products have been obtained,
however: (n>-C.H,)Fe(CNCH,),(CN) and (n°>-C.H,)Fe(CN)(PPh,).. Similar results were obtained with a variety of phosphine,
phosphite, arsineand antimony ligands. Severa of thereaction products have beenisolated from thefairly clean reaction mixtures
and a variety of spectrd data have been obtained to verify their identity. Further purification and characterization of these
compoundsiscontinuing. In addition, trends of reaction product yieldswith bulk and basicity of ligand are being studied. Effect
of ligand identity (both on the metd prior to photolysis and as an incoming group), wavelength of the photolysis lamp and
temperature of the reaction mixture are being studied asthey affect the reaction products obtained. Anionic and cationic starting
materials are being investigated under avariety of reaction conditionsin order to analyze the system for any trend which might
devel op asafunction of complex charge. A collaborative effort was established with Professor Antony Rest at TheUniversity in
Southampton inan effort to conclusively identify thereactionintermediate(s). Theresults of thiswork have been very promising
and theidentity of thereaction intermedi ate has been postul ated, asaresult of |ow-temperature matrix i sol ation studies conducted
by Prof. Rest. Work on the project is continuing with a shift in focus to the analogous ruthenium species. Manuscripts on the
synthetic portions of the project as well as the spectroscopic matrix work are being prepared and final spectral data are being
obtained for inclusion in the papers.

Conformational Analysisof Acetylcholineand Related Compounds
RESEARCHER: Associate Professor Joseph J. Urban

Acetylcholine is amajor neurotransmitter in both the central and peripheral nervous systems. The cholinergic nerve
transmission system is of particular importance to the military because this system is the target of the organophosphorous G
nerve agents. The mechanism of action of these agents is to block nerve transmission by inhibition of the enzyme
acetylcholinesterase, an essential component of the nerve transmission process. Upon binding to its receptor acetylcholine
undergoes a conformationa change and NMR studies that have been reported in the literature provide a hypothesized “bound
conformation” (to the nicotinic acetylcholine receptor). The energy cost associated with this conformational change, however,
isnot known and isextremely difficult to estimate experimentally. Inthiswork acombination of molecular modeling techniques
have been employed to determine the differencein energy between the bound and unbound conformations of acetylcholine. The
results indicate that the bound conformation reported in the previous NMR work lies significantly above the ground state in
energy. This suggests that further experimental work is needed to establish the bioactive conformation of acetylcholine when
bound toitsreceptor. Inaddition, thiswork established the effects of substituents (N-methyls) and the surrounding environment
on the conformational preferences of acetylcholine and similar systems.
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Resear ch Cour se Proj ects

Synthesisand Study of a Seriesof AmineFunctionalized Silica Gels
Made Viathe Sol Gel Process
RESEARCHERS: Midshipman 2/C Wed ey Campbell, USN

Midshipman 2/C lan Hudson, USN and Midshipman 2/C James Valentine, USN
ADVISER: Assistant Professor J.R. Hartman

Caopper contaminationin JP-5jet fuel isasourceof great concernto the Navy. Copper catalyzes auto-oxidative degradation
reactions at high temperatures that result in the formation of insoluble gums and sediments. This process, also caled coking,
results in a decrease in the performance of engines even at copper concentrations of lessthan 15 ppb. Currently, chelants are
added to jet fudl to address this problem. These chelants form soluble complexes with the copper cations that render the copper
catalytically inactive. However, studies have shown these complexes break down at high temperatures, freeing the copper to act
asacatalyst for theauto-oxidative degradation. Therefore, if enginesareto be operated at higher temperatures, it isnecessary to
find a better way to inactivate the copper. The Naval Research Laboratory has been studying the feasibility of removing the
copper ions entirely by adsorbing them to functionallized solid materials such as polymeric resins or silicagels. They have
concluded that silicagel appears to be the most suitable matrix although they do not currently have asilicagel that meetsall of
their criteria

Thesilicagelsthat were studied by the Naval Research Laboratory were prepared by chemically modifying the surface
of preformed silicagels. We have decided to prepare and study amine-functionallized silicagels made viathe sol gel processto
determineif itispossibleto further optimize the performance of thesilicagels. Thissemester, we have prepared silicagelswith the
following amine groups: propyl amine, propylethylenediamine, and propyl diethylene triamine. For each amine group we
prepared silicagelswith ratiosof TEOS.aminesilaneranging from 9.74:0.25t0 60:40. (TEOSistetraethoxysilane.) and studied the
copper adsorption properties of the resulting silicagel. Preliminary results suggest that the identity and amount of the amine
group has no effect at amine levels above 20% (mole percent of amine-substituted silica). At levelslower than 20%, the copper
adsorption increased with the number of chelating ringsin the aminefunctional group.

Future plansinclude running the sol-gel reactionsin the presence and absence of metal ionsto determineif these metal
ionswill serveasatemplatetoform“custom” silicagelsthat will selectively bind the desired metal ionwith ahigh capacity. Then,
we will use adsorption isotherms and spectroscopy to study the mechanisms of adsorption and the types of surface metal
complexesformed.

StudiesDirected Toward the Total Synthesisof Dolabelladiene
RESEARCHER: Midshipman 1/C EuginaHopson, USN
ADVISER: Associate Professor DebraK. Dillner

Dolabelladieneisthe parent compound in aclass of moleculesisolated from marine mollusks. Itsinteresting structure
includes a cyclopentane ring with three asymmetric centersand amedium-sizering. Synthetic studiesare being carried out into
theformation of the cyclopentanering with complete control of the stereochemistry. Thetemplatefor introduction of therequired
stereocenters is a oxabicyclo[3.3.0]octane. This bicyclic system is rigid and the various substituents required can be added
stereospecificaly to thismolecule. Oncethe stereocentersarein place, thelactonering can bereduced, |eaving the cyclopentane
system intact.

Synthesis of the bicyclic lactonewas optimized in this project. Thiscompound had previously been synthesized in six
steps. Two of these steps were difficult, using either hazardous starting materials or giving poor yields. Alternative routes to
avoid these two steps were investigated.

Theorigina stepinvolved aDiels-Alder reaction with 1,3-butadiene and methyl acrylate. To avoid use of the gaseous,
hazardous 1,3-butadiene, equivalent reagents were investigated. Butadiene sulfone was found to be an excdllent alternative.
Usingthissolid, relatively non-hazardous material, thereaction could be carried out easily on scalesof upto 50 grams. Theester
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was then converted to the dimethyl acohol by addition of methyl lithium. Thisreaction isaso amenableto scaeup. The next
difficult step had been an ozonolysis followed by oxidation with 30% hydrogen peroxide. An acceptable alternative has been
found. Ruthenium tetraoxide oxidation achieves both steps simultaneoudly, with both ahigher yield and a shorter reaction time.
Previoudly optimized procedures were used to convert the product of this reaction into the bicyclic system.

As aresult of this investigation, it is now possible to produce the bicyclic lactone in 10-20 gram quantities. The
synthesis requires five steps, two fewer than previoudly possible. The overal yield now approaches 40%. Again thisis a
significant improvement. With the synthesis of this crucid substrate now optimized, studies on introduction of the remaining
portions of dolabelladiene are underway.

Development of an Advanced L aboratory Experiment:

Synthesisand Char acterization of Polydiacetylene Polymers
RESEARCHER: Midshipman 1/C LuanLam, USN
ADVISER: Assistant Professor MariaJ. Schroeder

This project focuses on the development of a new, integrated laboratory experiment intended for advanced chemistry
majors. Theexperimentincorporatesaspectsof traditiona chemistry disciplinessuch asorganic, physica, anaytical and biochemidtry,
into a multi-week experience where students synthesize and characterize a materia not generally encountered in undergraduate
laboratories, apolymeric system. Thelaboratory procedure beginswith students synthesizing hydrazide derivatives of single-chain
diacetylenelipidsusing typica organic synthes stechniques (extraction, recrystallization, separation, rotoevaporation). Only when
the materia isin a highly ordered state can polymerization of the diacetylene occur upon thermal annealing or exposure to UV
radiation. Characterization of thesynthesized polymer involvesUV/Vis, FTIR, and NM R spectroscopiesfor confirmation of structure
as well as therma and optical measurements for determining the extent of polymerization. Because of the highly conjugated
backbone, polydiacetylenes exhibit interesting colorimetric order-disorder transitions in response to external stresses of hedt,
radiation, pH change, and surface pressure. For example, intheoriented, unstressed sate, the polymer isbluehowever if the effective
conjugation length is reduced by strain or torsion imposed onto the backbone, the polymer changesto abright red color. Froma
student perspective, the opticd transitions of polydiacetylenes are dramatic and generate interest in potential applications as
molecul e-based sensory materids. Investigations of the polymer’sbehavior in responseto various applied stresses|ead studentsto
an understanding of the conformational changes and chemicd reactions occurring in this system.

Synthesisand Char acterization of Polyur ethane-M aleamides

for Cardiovascular Applications
RESEARCHER: Midshipman 1/C Jeremy P. Moore, USN
ADVISER: Assistant Professor MariaJ. Schroeder

A great demand for tissue substitutes exists due to an increasing number of burn injuries and cases involving arteria
repair. This project investigates the synthesis and characterization of segmented polyurethanes which have been recently
employedintheconstruction of cardiovascular devices. Polyurethane-maleamides (PUMA) containing polyether soft segments
and diphatic hard segments were synthesized by solution and bulk polymerization using maeic acid as the chain extender.
Through this process, grafting between the activated double bondsintroduced into the polymer and the base polyurethanes may
improvethetissue compatibility of thefinal product. By varying the composition of the polyurethane hard and soft segmentsand
the chain extender, polyurethane filmswith different mechanical properties can be produced. Characterization studiesinvolving
FTIR, SEM, DSC, and tensile strength were conducted Fourier transforminfrared spectroscopy (FTIR) confirmed the presence of
amide and conjugated double bonds. Scanning electron microscopy (SEM) on solution polymerized PUMA indicated general
surface homogeneity with further magnification revealing surface pores. High melting temperatures as evidenced by differentia
scanning calorimetry (DSC) data corroborate literature values. All PUMA samplesexhibited high tensile strength with the bulk
polymerized sample subject to heat stress displaying the highest tensile properties. To effectively model natural tissue, PUMA
filmsmust be strong, el astic, biocompatible, and semi-permeableto water yet prevent bacterial and vira passage. Futurestudies
involve investigating these permeability and biocompatibility issues.




116 Chemistry Department

Synthesisand Char acterization of Hybrid Electron Donors

Containing Fused Ferroceneand Tetrathiafulvalene Units
RESEARCHER: Midshipman 2/C CameronE. Shaver, USN
ADVISER: Associate Professor William B. Heuer

This project continues our ongoing efforts to prepare novel, unsymmetrical tetrathiafulvalene (TTF) derivatives via
cross-coupling reactions of the novel precursor 1,3-dithig 3]ferrocenophane-2-thione, (DFT), first reported by Sato and Akabori
(Bull. Chem. Soc. Jpn. 1985, 58, 1615). These authors also reported the tri phenyl phosphine-mediated self-coupling of DFT to
forminsoluble 2,2'-bi(1,3-dithig] 3]ferrocenophane-2-ylidene) in 68%yield. Wehave been attempting to usesimilar methodol ogy
to prepare unsymmetrical derivatives by cross-coupling reaction between DFT and 4,5-Bis(2'-cyanoethylthio)-1,3-dithiole-2-
thione(BDT). Reactionof DFT and BDT inal:2 molar ratio witha5-fold molar excessof PPh, inrefluxing tolunefor 24 hr gives
the desired mixed coupling product in ca. 10% yield. The product has been fully characterized by MS, *H/2C NMR, and IR. A
pronounced decrease in yield with increasing solvent volume was noted, and the workup is complicated by the difficult
chromatographic separation of the product from unreacted BDT which always seemsto be present in the toluene/PPH,, reaction
mixtures. If the reaction is conducted in molten PPh, at 80-100°C, no unreacted BDT is found, however the yield is lowered
presumably due to increased decomposition of starting materials and/or products. Use of more reactive phosphite (P(OEY),,
P(OME),) coupling agentsin refluxing toluenewas a so explored asameans of decreasing thereactiontime, but thisalso resuited
in extensive decomposition. Reactions using these coupling agents at lower temperatures are currently being investigated. As
part of thisstudy, we a so prepared the heretof ore unknown dithiocarbonate anal ogue of DFT, namely 1,3-dithig] 3]ferrocenophane-
2-one(DFO), viathereaction of ferrocene-1,1'-dithiol with triphosgenein THF at -78°C. Thiscompound provedto belessreactive
than DFT in phosphine-mediated coupling reactions. However, we did confirm our hunch that this molecule might exhibit
interesting photochemical reactivity, presumably by lossof COto giveatrans ent diradica species, which subsequently polymerizes.
Solid-state photopolymerization of DFO filmswill beinvestigated asameans of producing e ectroactive poly(ferrocenyldisulfide)
coatings on electrode surfaces. Photoreactions of DFO with appropriate radical-trapping agents in solution are also currently
being explored.

Publications

Bitterwolf, T.E., Saygh, Abdel, SHADE, Joyce E., Rheingold, Arnold L., Yap, Glenn PA., and Liable-Sands, Louise,
“Photochemistry of Ring-Coupled Group VI Bimetallic Compounds |: Phosphine Substitution Without Disproportionation.
TheMolecular Structures of Mo,(CO) [P(CH,),](u-n°n°>-CH,CH,C.H,) and Mo,(CO) [P(CH,),](u-n°Nn>CH,CH,CH,),”
Journal of Organometallic Chemistry, 562 (1998) 89-96.

Solution photolysis of ring-coupled bimetallic compounds of the formula M (CO) (u-n°n>CH,CR,C.H,), where
M = Mo or W and R = H or CH,, in the presence of triphenylphosphine or trimethylphosphine yields simple
substitution derivatives M (CO), L (u-n°n°*-CH,CH,CH,) or M(CO) L (u-n°n*CH,CH,C.H,). Thecompounds
have been fully characterized by IR and NMR spectroscopy and elemental analysis. Phosphineligands are found
to occupy positions trans to the M-M bond. No evidence was found for disproportionation processes such as
those found for similar reactions to the non-ring-coupled species. The molecular structures of two compounds
have been determined.

Bitterwolf, T.E., Saygh, A. A., Bays, J.T., Scallorn, B., Weiss, C., Rheingold, A. L., Liable-Sands, L., and SHADE, JoyceE.,
“Synthesis, Nujol Matrix and Solution Photochemistry of M(CO), [n®, n*-C,H,-C(CH,),-C.H ], whereM = Cr or Mo. Molecular
Structuresof Cr(CO),[n®° n*-CH,-C(CH,),-CH.], Mo(CO),[n® n*-CH,-C(CH,),-C.H ], and Mo(CO)[P(CH,),I[n% n*CH,-
C(CH,),-C,H],” Journal of Organometallic Chemistry, 563 (1999) 152-161.

Reaction of chromium or molybdenum carbonyl with 2,2-bis(cyclopentadienyl)propane yiel ds mixtures of products
includingM (CO)[n® n>CH,-C(CH,),-CH,]. M (CO)[n>CH,-C(CH,).,-CH,],, andthetitlecompound, M(CO),[n®,
n®-C,H,-C(CH,).-C_H ], inwhich an n*-pentenyl group istethered to the n*>-cyclopentadienyl (Cp) group by a2,2-
propyl linkage. Although several isomersare possiblefor the cyclopentenyl groups, chromium and molybdenum
appear to form only single, but uniqueisomers. Photolysisof M(CO),[n?® n*C.H,-C(CH,).,-C.H ],M =Cror Mo, in
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Nujol glassat ca. 77 K has been found to be wavel ength-dependent with low energy photolysesresulting in n®to
n? transformations while higher energy photolyses result in loss of carbon monoxide. Solution photolysis of the
molybdenum derivative with triphenylphosphineyields as afirst product Mo(CO), [P(CH,),][n° n*-CH,-C(CH,) -
C,.H,], which undergoes decomposition upon work-up to yield both starting material, and Mo(CO)[P(C H,),][n® n°-
C.H,-C(CH,),-C,H]. Themolecular structures of three compounds have been determined.

CAMPBELL, Mark L., Associate Professor, “Temperature Dependent Rate Constants for the Reactions of Gas Phase
Lanthanideswith N,O,” J. Chem. Phys. 111 (1999), 562-566.

Thereactivity of gasphaselanthanideatomsLn (Ln=La- Y bwith theexception of Pm) withN,O from 29810 623K is
reported. Lanthanide atomswere produced by the photodissociation of Ln(TMHD), (TMHD = 2,2,6,6-tetramethyl-3,5-
heptanato ion) and detected by laser induced fluorescence. Large variationsin thereaction rate constants are observed.

Thebimolecular rate constants are described in Arrheniusformby: k[Ce(*G,)] = (1.90.5) x 10*°exp(-0.80.8 kJ-mol %/
RT); Pr(*l,,), (3.61.2) x 10"exp(-8.01.2kJmol*/RT); Nd(®l ), (3.40.4) x 10*exp(-8.80.5kImoal*/RT); Sm('F ), (3.21.1) x
10"exp(-11.21.2kImol*/RT); EU(®S,,), (2.70.4) x 10 exp(-12.70.5 kJmol*/RT); Gd(°D,), (2.00.3) x 10%°exp(- 6.40.5
kJmol*/RT); Tb(°H,,,,), (2.90.5) x 10*°exp(-10.90.6 kJ-mol*/RT); Dy(°l,), (3.40.8) x 10*°exp(-16.20.8 kJmol*/RT);
Ho(*l ), (2.90.5) x 10°exp(-17.10.6 kJmol/RT); Er(°Hy), (3.31.2) x 10"°exp(-18.41.2kJmol/RT); Tm(*F,,,), (3.50.6) X
10%°exp(-19.50.6 kI mol/RT); Yb('S ), (2.50.2) x 10*°exp(-20.20.3 kJmol*/RT) where the uncertainties represent
2 0. The reaction barriers are found to correlate to the energy required to promote an electron out of the
6s subshell.

CAMPBELL, Mark L., Associate Professor, “ Temperature-Dependent Rate Constants for the Reactions of Gas-Phase
Lanthanideswith O,,” Journal of Physical Chemistry A,” 103 (1999), 7274-7279.

Thereactivity of thegasphaselanthanideatomsLn (Ln=La- Ybwiththeexception of Pm) with O, isreported. Lanthanide
atoms were produced by the photodissociation of [Ln(TMHD),] and detected by laser induced fluorescence. For dl the
lanthanides studied with the exception of Y b, the reaction mechanism isbimolecular abstraction of an oxygen atom.

Thebimolecular rate constants are described in Arrheniusform by: k[Ce(*G,)] = (3.00.4) x 10" exp(-3.41.3 kJ-mol-
YRT); Pr(*l,,), (3.10.7) x 10*°exp(-5.31.5 kJ-mol*/RT); Nd(*l ), (3.60.3) x 10" exp(-6.20.4 kJmol*/RT); Sm('F ),
(2.40.4) x 10™exp(-6.21.5kJmol */RT); EU(®S,,), (1.70.3) x 10™exp(-9.60.7kJmol*/RT); Gd(°D,), (2.70.3) x 10*exp(-
5.20.8kJmol*/RT); Tb(°H,,,), (3.50.6) x 10 exp(-7.20.8 kJmol */RT); Dy(?l,), (2.80.6) x 10*°exp(-9.10.9kJmoal/RT);
Ho(*l ,), (2.40.4) x 10™exp(-9.40.8 kJmol */RT); Er(*H,), (3.00.8) x 10°°exp(-10.61.1 kJmol*/RT), Tm(*F,), (2.90.2)
x 10%exp(-11.10.4kJmol Y/RT) wherethe uncertaintiesrepresent 2 6. Thereaction barriersarefound to correlateto
the energy required to promote an electron out of the 6s subshell. The reaction of Yb(*S)) with O, reacts through
atermolecular mechanism. Thelimiting low-pressurethird-order rate constants are described in Arrheniusform
by: k [YDb(*S)] = (2.01.3) x 10% exp(-9.52.8 kI mol */RT) molecule’cm’s™.

CAMPBELL, Mark L., Associate Professor, “Temperature Dependent Rate Constants for the Reactions of Gas Phase
Lanthanideswith CO,,” Physical Chemistry Chemical Physics, 14 (1999), 3731-3735.

Thereectivity of thegasphaselanthanideatomsLn(Ln=La- Y bwiththeexception of Pm) with CO, isreported. Lanthanide
atoms were produced by the photodissociation of [Ln(TMHD),] and detected by laser induced fluorescence. For dl the
lanthanides studied with the exception of Y b, the reaction mechanism isbimolecular abstraction of an oxygen atom.

Thebimolecular rate constants are described in Arrheniusform by: k[Ce(*G,)] = (3.41.0) x 10"°exp(-3.51.0 kJmol-
YRT); Pr(*ly,), (2.50.4) x 10" exp(-7.90.7 kJ-mol*/RT); Nd(*l ), (3.30.6) x 10*°exp(-12.00.8 kJ-mol*/RT); Sm(F),
(1.70.8) x 10"exp(-15.81.8 kI mol /RT); Eu(®S, ), (6.62.3) x 10°exp(-39.21.6 kJmol/RT); Gd(°D,), (1.10.3) x 10*°
exp(-5.80.9 kJmol*/RT); Th(°H . ), (1.10.3) x 10*°exp(-10.81.2 kJ-mol */RT); Dy(*l,), (4.00.7) x 10*°exp(-30.30.7
kJ-mol*/RT); Ho(*l .,,), (3.71.1) x 10*%exp(-33.11.3 kJmol/RT); Er(*H), (5.82.5) x 10*%exp(-36.92.0 kJmol*/RT);
Tm(°F,,), (1.10.5) x 10*°exp(-45.42.3 kJ-mol*/RT) where the uncertaintiesrepresent 2c. Yb(*S)) isunreactivewith
CO, below 623 K. Thereaction barriersarefound to correl ate to the energy required to promote an €l ectron out of
the 6s subshell.
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CHEEK, Graham T., Professor, “ Electrodeposition of Niobium and Tantalum fromaRoom-Temperature Molten Salt System”, PC.
Trulove, H.C. DeLong, G. Stafford, and S. Deki, eds., Electrochemica Society ProceedingsVolume PV-99-41, (1999), pp. 527-534.

The electrochemical behavior of NbCl, and, to some extent, TaCl,,, has been investigated in the auminum chloride : 1-
ethyl-3-methylimidazolium chloride ambient temperature molten salt system. Reduction of NbCl occursin aseries of
one-electron steps in the acidic melt and apparently does not produce Nb° at potentias approaching the aluminum
deposition potential. Electrodeposition of Nb/ Al filmshasbeen found to befeasible only when Nb(V) isreduced to the
trivalent statein apreceding chemical reduction. Niobium powder was observed to be the most effectivereducing agent
for thispurpose. Thevoltammetric characteristicsof variousother niobium complexes, suchasNbCl (thf), and NbCl ,dme,
have a so been briefly investigated.

COPPER, C.L., Assigtant Professor and KOUBEK, E., Professor, “An Experiment Designed to Demonstrate How a Catalyst
Affectsthe Rate of Reaction,” J. Chem. Educ., 1999, 76, 1714.

Most chemistry students know that a catalyst is a substance that causes the rate of a reaction to increase and is
regenerated at the end of the reaction, but they are not always certain how or why acatalyst works. We believe that this
is because many beginning texts smply state that a catalyst provides anew pathway for the reaction, one with alower
activation energy. This, of course, need not bethe case, sinceany additional pathway will lead to anincreasein rateeven
if it hasahigher activation energy. Thisis because two reactions running simultaneously will always have acombined
rate that isfaster than one alone. Too often, authorsfail to emphasize that the original reaction isstill taking place and
that, depending upon conditions, it is possible for this original reaction to proceed at afaster rate than the catalyzed
reaction. This situation is purposefully created by the conditions chosen for this experiment.

COPPER, C.L., Assistant Professor and KOUBEK,, E., Professor, “ Kinetics of the M olybdate and Tungstate Catalyzed Oxidation
of lodide by Hydrogen Peroxide,” Inorg. Chim. Acta., 1999, 288, 229.

Severa studies of the Mo(V1) and W(V1) catalyzed reaction of H,O, with various substrates have been documented
previoudly. Theexperimentsdescribed herein attempt to settle someapparent contradictionsin these reports. Specificaly,
the oxidation of I with H,O, inthe presence of molybdate or tungstateionin an acid solution was studied. Theratelaw
for thissystemwasfound to berate =k  [MoO ][I +k, . [H,O,][ITwithvauesof k_ =3.87M*s*andk,  of 9.5
x 10°M-1s? (a 22.8°C). Thevaluesof AH*for the molybdate catalyzed and uncatal yzed reactionswerefound to be 39.4
and 56.8 kJmol™, respectively. Similarly, thevaueof k_, wasfoundto be 32.7M* s* and AH* wasfound to be 41.1 kJ
mol* (at 21.8°C) for the same system catalyzed with tungstate rather than molybdate.

DE LONG, Hugh C., Maor (USAF) and Assistant Professor, editor, Proceedings of the Twelfth International Symposium on
Molten Salts, Vol. 99-41, The Electrochemica Society: Pennington NJ, 2000.

TheTwefthInternationd Symposium onMoalten Satswasheld during the Joint I nternational Meeting of the Electrochemica
Society and the Physica Society of JapaninHonolulu, Hawaii, Oct, 1999. Over 90 paperswere presented ontopicsranging
from theoretical studiesto technologica applications of molten salts. Authorswere from over fifteen different countries
withwell over half from outside North America. Funding for thismeeting was provided by the Physical Electrochemistry,
the High Temperature Material's, the El ectrodeposition divisions of the Electrochemica Society, and the Electrochemistry
Society of Japan. Further funding was provided by the Air Force Office of Scientific Research.

DELONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “1onic Liquid, Graphiteand Gel Polymer Electrolytesand
Electrodes Using 1,2-Dimethyl-3-propyl-imidazolium Tetrafluoroborate,” in Proceedings of the 12th I nter national Symposiumon
Molten Salts, Paul C. Trulove, Hugh C. DeLong, Gery R. Stafford, and Shigehito Deki, Eds.; Vol. 99-41, The Electrochemical
Society: Pennington NJ, 2000, pp. 32-42.

The effect of the molten salt in these gel s can be seen when considered along with the results observed for the graphite-
polymer composite electrodes. For these composites, sampleswith lessthan 66% graphite or more than 33% polymer
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failed to exhibit any chargedischargebehavior. Inthesematerias, peak efficiencieswere observed when therewasless
than 40% graphite, and nearly 50% polymer in some cases. Clearly, the incorporation of the molten salt most likely
facilitates the ease with which it can intercalate graphite, regardiess of the presence of nearly 50% polymer in some
cases. Infact, for sampleswith too little polymer, low efficiencieswere observed. Thisiseasly attributableto thefact
that with too little polymer, charging of the gel resultsin a breskdown in the electrical connectivity between graphite
particles as they swell upon intercalation of the DMPI*. The presence of a significant amount of polymer resultsin
improved efficiencies by prevent thisloss of connectivity, even though the polymer itsdlf is non-conductive.

DE LONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “Electrochemica Studies of Metd Dichalcogenide-
Polymer Composite Electrodes in 1,2-dimethyl-3-propyl-imidazolium Tetrafluoroborate and 1-ethyl-3-methyl-imidazolium
Tetrafluoroborate,” in Proceedings of the 12th International Symposium on Molten Salts, Paul C. Trulove, Hugh C. De Long,
Gery R. Safford, and Shigehito Deki, Eds.; Vol. 99-41, The Electrochemical Society: Pennington NJ, 2000, pp. 43-53.

Cyclic Voltammetry of the metal sulfides indicated improving conductivity of the electrodes as the amount of metal
sulfideincreasedfromthe 1:2ratiouptothe4:1 ratio. Further increasing of themeta sulfidedid not seemto significantly
ater the observed internal resistance. For both TiS, and TaS,, the cyclic voltammetry showed asinge strong reductive
peak, and alargebroad oxidative peak. For MoS,, noreal reductiveor oxidative behavior wasobserved. Similarly, aswas
expected, only minimal surface charging effects were seen for al of the MoS, composite materias, and no charge/
discharge efficiencies were noticeable for both cation and anion charging in either molten salt. For TiS, and TaS,,
exfoliation proved to be an even greater problem than for graphite, and more so for the TaS, than for TiS,. For samples
of composition over 5:1, the polymer stripsclearly beganto disintegratein both molten salts. However, for TiS, apeak
cation charging efficiency of 79% was observed in DMPIBF, for the6:1 sample. InEMIBF,, the peak efficiency wasonly
45%, for the 4:1 sample. For TaS,, it was observed that only those samples with a high polymer content could resist
exfoliation, and peak cation charge/discharge efficiencies did not reach above 40% in either molten sdlt.

DELONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “ Electrochemical Intercaation Studiesof 1,2-Dimethyl-3-
propyl-imidazolium Tetrafluoroborate and 1-Ethyl-3-methyl-imidazolium Tetrafluoroborate in Graphite and Graphite-Polymer
Composite Electrodes,” in Proceedings of the 12th I nternational Symposiumon Molten Salts, Paul C. Trulove, Hugh C. DeLong,
Gery R. Safford, and Shigehito Deki, Eds.; Vol. 99-41, The Electrochemical Society: Pennington NJ, 2000, pp. 54-64.

In order to study the overall stability of the charged graphite species, a series of time-delayed charge/ discharge
experimentswererun, wherethetime between charging and discharging ranged from 5 minutesto 9 hours. Thesetime-
delayed experimentsindicated many significant details of both of these molten sdts. First, it was observed that over
time, peak efficienciesfell off much faster when donein air, asopposed to being runin aninert nitrogen atmosphere. In
fact, for the DMPI*, efficienciesdropped from near 90%inair, to bel ow 20% after 9 hours, and from near 80%for theEMI*,
to 0% efficiency inlessthan 6 hours, dso whenruninair. However, when performed in adry box, the DMPI* showed
adrop of lessthan 5% when the discharging was delayed by 9 hours. For EMI*, asimilar improvement was observed
when the charge/discharge cycling was run in adry box, but its efficiency still fell below 20% after a 9-hour delay in
discharging. Thisisaclear indicationthat the EMI+ cationisnot as stablein acharged environment asthe DMPI+, as
was originaly proposed. For BF,, the time delayed charge/discharge experiments indicated that after 9 hours, the
efficiencies dropped below 10% for BF, in both molten salts, even when runin the dry box. Thislack of stability ina
charged environment ismost likely related to its stability asagraphiteintercaate. Intercalation studies have indicated
that under certain conditions, the BF, anionswill breskdown, generating F and BF,,. Thismost likely resultsinthelow
efficiencies observed.

DE LONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “ Studies of Cation Transportin Molten Saltsand Molten
Salt-Polymer Gelsby Pulsed-Field-Gradient Spin-Echo NMR,” in Proceedings of the 12th International Symposiumon Molten
Salts, Paul C. Trulove, Hugh C. De Long, Gery R. Stafford, and Shigehito Deki, Eds.; Vol. 99-41, The Electrochemical Society:
Pennington NJ, 2000, pp. 169-176.

Studiesof thetransport properties of theambient-temperature molten sdlt, 1-ethyl-3-methylimidazolim chloride:al uminum
chloride (EMIC:AICI,), found that theinternal transport number of thecation, EMI*, was 1.00 over awiderange of melt
compositions. Thisindicatesthat the cation predominates charge transport in these molten salts. Effortsto measurethe




120 Chemistry Department

diffusion coefficient of the EMI* cation in these melts have met with limited success. Carlin and Osteryoung (2) used
microel ectrodetechniquesto obtainavaueof D =1.0x 107 cn?/sinanN =0.44 mdt. Unfortunately, dueto thelimitations
of thetechnique, thisvalueisat best an estimate of the true diffusi on coefficient.Self-diffusi on coefficients of the EM1*
cation for EMIC:AICI, melts have been measured as afunction of composition and temperature. These data correlate
strongly with corresponding changesin melt viscosity. The temperature dependence of the diffusion coefficient data
has been used to determine activation energiesfor diffusion in these melts. We have also measured the self-diffusion
coefficientsof the EMI* cationin LiCl and NaCl buffered neutral melts, and in molten salt-polymer gels.

DE LONG Hugh C., Mgjor (USAF) and Assistant Professor, co-author, “Electrodeposition and Pitting Corrosion Behavior
of Aluminum-Manganese Alloysdeposited from Room Temperature Chloroaluminate Molten Salts,” in Proceedings of the 12th
Inter national Symposium on Molten Salts, Paul C. Trulove, Hugh C. DeLong, Gery R. Stafford, and Shigehito Deki, Eds., Vol.
99-41, The Electrochemical Society: Pennington NJ, 2000, pp. 517-526.

Electrochemical deposition has proved to be an excellent aternative method for producing nonequilibrium aloys. 1t
generally does not suffer from the cost and applicability disadvantages of the more common methods. The key to
application of dectrodeposition, however, isfinding asystem from which thealloys can be deposited. Theexcellent Al-
Mn deposits obtained by Stafford and Moffat in acidic AlCl:NaCl molten salts prompted our attemptsto el ectrodeposit
anamorphousauminum-manganesealoy from theacidic roomtemperature AICI:EMIC chloroauminates. Additionaly,
the successful deposition of Al-Mn, Al-Co, and Al-Ni aloys from room-temperature ionic liquids has recently been
reported. Theroomtemperature Al-Mn depositsare of sufficient quality to allow corrosion cell testing to determinetheir
pitting potential. The pitting potential for all sampleswaswithin 0.3V of each other with pitting starting at or very near
theopencircuit potential. Inall casesthe deposit almost completely delaminated. Thisdelamination suggestsalack of
adhesion, possibly due to the deposits porosity, and may not represent the true corrosion resistance.

DELONG, HughC.,Mgor (USAF) and Ass stant Professor, co-author, “ Electrodeposition of Niobium and Tantalum fromaRoom-
Temperature Molten Salt System,” in Proceedings of the 12th International Symposiumon Molten Salts, Paul C. Trulove, Hugh
C.DelLong, Gery R. Safford, and Shigehito Deki, Eds.; Vol. 99-41, The Electrochemical Society: Pennington NJ, 2000, pp. 527-534.

We have undertaken a study of the electrochemical properties of niobium and tantalum in the aluminum chloride: 1-
ethyl-3-methylimidazolium chloride (EM1C) room temperature molten salt systemin order to understand the processes
occurring during €l ectrodeposition of these metalsfrom acidic (molar excess of AICI,) melt. Such conditionsallow the
co-deposition of these metalswith aluminum, conferring anti-corrosion properties on the resulting films. Depositions
have been carried out in high-temperature fluoride molten salts (1), but it is hoped that the present system will alow
milder, more convenient conditionsto be employed.

DE LONG, Hugh C., Mgjor (USAF) and Assistant Professor, co-author, “Investigations of the Electrodeposition of Aluminum-
Manganese Alloys from Room Temperature Chloroaluminate Molten Salts,” in Advances in Molten Salts: From Structural
Aspectsto Waste Processing, Marcelle Gaune-Escard, Ed.; Begell House,Inc., 1999, pp.137-148.

Theelectrochemical reduction of manganese(I1) inacidic AlCI,:EMIC (auminum chloride: 1-ethyl-3-methylimidazolium
chloride) room temperature molten salt results in co-deposition of aluminum and manganese. Constant potential
deposition in the region of the reduction peak results in the deposition of manganese rich amorphous manganese-
auminumaloys. Wehaveemployed an Electrochemica Quartz Crystal Microbalance (EQCM) toinvestigate, in situ, the
deposition and stripping behavior of Al and Al-Mx inacidic AICI :EMIC molten salts. The EQCM providesboth mass
and charge data during electrodeposition and stripping processes. This information can be used to determine co-
deposited metal composition and to model deposition nad/or stripping processes.
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ELERT, Mark L., Professor, co-author, “Molecular Dynamics Simulation of Shock-Induced Chemistry in Acetylene,” in Shock
Compression of Condensed Matter - 1999, M. D. Furnish, L. C. Chhabildas, and R. S. Hixson, eds., New York: American Ingtitute
of PhysicsPress, 2000, pp. 283-286.

Many experimental studieshave demonstrated the existence of shock-induced chemical reactionsin organic materials.
Some of this work was motivated by the possible cosmochemical significance of shock-induced synthesis resulting
from meteor bombardment of planetary atmospheres. In most cases, fundamenta reaction mechanisms and kinetics,
and threshold conditionsfor reactioninitiation, remain poorly understood. Using arecently devel oped reactive empirical
bond order (REBO) potentia for hydrocarbons, wehave carried out molecular dynamicssimulations of shocked condensed-
phase acetylene to investigate the resulting shock-induced chemistry at an atomistic level.

ELERT, Mark L., Professor, co-author, “ Critical Widthsin Molecular Dynamics Smulationsof Detonations,” in Shock Compression
of Condensed Matter - 1999, M. D. Furnish, L. C. Chhabildas, and R. S. Hixson, eds., New York: American Ingtitute of Physics
Press, 2000, pp. 377-380.

Previoudly, we have developed severa models for molecular dynamics simulations of shock-induced chemistry in
detonating materials. A series of earlier smulations established that our original AB model can support a detonation
with properties consistent with the continuum theory of compressive reactive flows. These studies aso showed that
thismodel has an extremely short reaction zone length, suggesting a critical width for detonation small enough to be
directly determined from molecular dynamicssimulationsof 2-D strips. Herein, wereport resultsthat show that the AB
model doesexhibit acritical width for detonation that can befound using molecular dynamicssimulations. Theseresults
also suggest the possibility of observing detonations in highly reactive strips only ten’s of nanometers wide.

ELERT, Mark L ., Professor, co-author, “ Detonation Hugoniots Produced by Piston-Driven Simulations,” in Shock Compression
of Condensed Matter - 1999, M. D. Furnish, L. C. Chhabildas, and R. S. Hixson, eds., New York: American Ingtitute of Physics
Press, 2000, pp. 385-388.

We have previoudy introduced amodel of an energetic diatomic molecular solid based on reactive empirical bond order
(REBO) potentials. Thismodd iscapable of supporting adetonation intwo and three dimensions. When therange of the
REBO potentia isvaried, awide variety of propertiesaisexhibited, including asplit shock wave and adissociative phase
trangition. We present smulations with the boundary conditions behind the detonation front maintained by a constant-
velocity piston. Detonation Hugoniots are derived from these cal culations and analyzed using continuum theory.

FERRANTE, Robert ., Professor, coauthor, “ Laboratory Studiesof Catalysisof COto Organicson Grain Analogs,” Icarus, 145,
#1 (May 2000), 297-300.

Experimentssimulating heterogeneous conversion of H, and CO into simple hydrocarbonsin astrophysical environments
have been performed, utilizing redlistic cosmic grain analogs of Fe-doped silicates as Fischer-Tropsch-Type catalysts.
Catalysiswasstudied for temperaturesfrom 460-670 K and reactant gasmixturesof H./COwith aratio of 2-100. Thetotal
gaspressurewasnear 0.5 bar. Maximum conversion ratesof afew percentage pointswere achieved over a3-htimeperiod.
Major products were methane, ethane, ethylene, carbon dioxide and water. Productswereidentified by IR spectroscopy.

FTZGERALD, Jeffrey P, Associate Professor, “ Synthesisof Substituted 1-Methyl-2-cyanopyrrolesviaUnprecedented Addition
of N,N-Dimethylformamideto Electron-Deficient Alkenesin the Presence of Copper(l) Cyanide,” Journal of Organic Chemistry,
65 (April 2000), 2222-2224,

Attempts to prepare 1,2-bis(trifluoromethyl)-1,2-dicyanoethylene by reaction of copper(l) cyanide with 1,2-
bis(trifluoromethyl)-1,2-dibromoethylenein N,N-dimethyl - formamide (DM F) were unsuccessful, instead producing 1-
methyl-2-cyano-3,4-bis-(trifluoromethyl)pyrroleand 1-methyl-2,5-dicyano-3,4-bi(trifluoromethyl)pyrrole. Analogous
productswereformed ontreating dimethyl 2,3-dibromo-2-butenedioatewith CUCN in DMF. Labelling studiesshow that
aDMF moleculeaddstothe alkeneto formthepyrrolering. A mechanisminvolving adipolar cycloaddition between an
azomethineylid and the alkene is proposed.
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FITZGERALD, Jffrey P., Associate Professor, “ Vanadium [ dicyanoperfluorostilbene], THF: amolecule-based magnet with T _~
205K,” Chemical Communications, (January 2000), 49-50.

A new radical anionic bridging ligand, derived from thein-situ reduction of a, a’ - dicyanoperfluorostilbene, isreported
to support ferrimagnetic ordering below 205 K in athree-dimensional vanadium-based coordination polymer.

HARRISON, Judith. A., Associate Professor, “ Role of Defectsin Compression and Friction of Anchored Hydrocarbon Chainson
Diamond,” Langmuir, 16 (2000) 291-296.

Theclassica molecular dynamicss mulations presented in thiswork examinethe compression and friction of monolayers
composed of linear hydrocarbon chainswith 8, 13, or 22 carbon atomsthat are chemically bound (or anchored) to adiamond
(1112) subdtrate. The roles structurd defects and their formation play in compression, friction, and energy dissipation
processes are examined. The number of defectsincreases under increasing load, reaching a plateau at a specified load.
Defects are dso clearly implicated in the energy dissipation associated with diding friction. Thefriction isfound to be
highest in shorter chains and disordered surfaces, in agreement with previous atomic force microscopy studies.

HARRISON, Judith A., Associate Professor, “ A Reactive Potential for Hydrocarbonswith Intermolecular Interactions,” J. Chem.
Phys., 112 (2000) 6472-6486.

A potential function is presented that can be used to model both chemical reactions and intermolecular interactionsin
condensed-phase hydrocarbon systems such as liquids, graphite, and polymers. This potentia is derived from awell-
known dissociable hydrocarbon force fidld, the reactive empirical bond-order potential. The extensions include an
adaptivetreatment of the non-bonded and dihedral-angleinteractions, which il allowsfor covalent bonding interactions.
Torsional potentialsareintroduced viaanove interaction potential that doesnot require afixed hybridization state. The
resulting model is intended as a first step towards a transferable, empirica potential capable of smulating chemical
reactionsin avariety of environments. The current implementation has been validated against structural and energetic
properties of both gaseous and liquid hydrocarbons, and is expected to prove useful in simulations of hydrocarbon
liquids, thin films, and other saturated hydrocarbon systems.

HARRISON, Judith A., Associate Professor, “Indentation Analysis of Linear-Chain Hydrocarbon Monolayers Anchored to
Diamond,” J. Phys. Chem. B, 103 (1999) 11357-11365.

Classica molecular dynamics simulations were used to examine the indentation of monolayers composed of linear
hydrocarbon chainswith 8, 13, or 22 carbon atomsthat are chemically bound (or anchored) to adiamond (111) substrate.
Indentation is accomplished using both aflexible and rigid single-wall, capped [10,10] nanotube asthetip. Regardless
of the nanotube used, the simulations show that indentation of the hydrocarbon monolayers causes adisruption of the
origina ordering of the monolayer, pinning of selected hydrocarbon chains beneath the tube, and the formation of
gauche defects within the monolayer. Because nanotubes are stiff along their axial direction, the flexible nanotube is
distorted only dightly by its interaction with the softer monolayers. However, interaction with the hard diamond
substrate causes the tube to buckle. Severe indents with arigid nanotubetip result in rupture of chemical bondswithin
the hydrocarbon monolayer.

HARTMAN, JR., Assgtant Professor, Vachet, R.W.; and Callahan, JH., “ Gas, Solution, and Solid State Coordination Environments
for theNickel (1) Complexesof aSeriesof Aminopyridine Ligandsof Varying Coordination Number,” Inorg. Chem. Acta, 2000,
297(1-2), 79-87.

The synthesisand characterization of thenickel (11) complexesfrom aseriesof aminopyridineligandsthat rangefromtri-
to heptadentateisdescribed. Theligandsincludethetripod ligand tris(2-((2-pyridylmethyl)amino)ethyl)amine, TREN-
pyr, andthefollowinglinear ligands: (2-pyridylmethyl)(2-((2-((2-((2-pyridylmethyl)amino)ethyl)amino)ethyl Jamine, TRIEN-
pyr: big(2-((2-pyridylmethyl)amino)ethyl)amine, DIEN-pyr; (2-pyridylmethyl) (2-((2-pyridylmethyl)amino)ethyl)amine, EN-
pyr; bis(2-pyridylmethyl)amine, AM-pyr; and methyl (2-((-pyridylmethyl)amino)ethyl)amine, MeEN-pyr. Thefollowing
methods were used to determine the binding geometries of the nickel(11) complexes in the solid, solution, and gas
phases: magnetic susceptibility measurements, absorption spectroscopy, el ectrochemistry, and analyzing the gasphase
ion-moleculereactionsin amass spectrometer. Thelinked 5-membered chelate character of thelinear ligands appear to
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haveimposed high-spin, octahedral geometry on the complexesin the condensed phases. Thetripod ligand TREN-pyr
and the two tridentate ligands, AM-pyr and MeEN-pyr, form 6-coordinate complexesin the gas phase. In contrast, the
rest of thecomplexes(TRIEN-pyr, DIEN-pyr, and EN-pyr) werefound to have lower coordination numbersin the gas
phase (5-, 5-, and 4-coordinate respectively). The potentially heptadentate tripod ligand TREN-pyr does not appear to
confer any unusua propertieson theNi(I1) ionin the solution or solid phases, but does appear to be more effective than
the hexadentate ligand TRIEN-pyr at maintaining the 6-coordinate geometry in the gas phase.

HARTMAN, JR., Assistant Professor, “ An In-Class Experiment to |l lustrate the Importance of Sampling Techniquesand Statitical
Analysisof Datato Quantitative Analysis Students,” J. Chem. Education, 77(8), 1017-1018 (2000).

A simple in-class experiment designed to show the importance of sampling protocol and the use of statisticsin data
analysesisdescribed. Two samplesare presented to the class, an unmixed core sample and amixed core sample. Both
samples contain equal amounts of two colors of otherwiseidentical candies. The candiesin the unmixed samplearein
two separatelayersin atall opague cup and the candiesin the mixed sampleareinapaper bag. Theclassisdividedinto
two groups, each of which repeatedly analyzes one of the samples by each person drawing out one candy. Theresults
from each analysis (as a percentage of one of the colors) are tabulated on the blackboard. These results are used to
discuss what constitutes a good sampling protocol and agood sample. In addition, these results are used throughout
the entire unit on statistics to demonstrate many calculations such as pooling data, comparison of means, confidence
limits, and the use of student’st-tests. This demonstration has proved to be useful for engaging the interest of most
studentsin sampling and statistics, and isaparticularly effective means of teaching activelearnersthevery formalistic
subject of satigtics.

KINTER, Christopher M., Associate Professor, (co-author), “ Synthesisof N1'-([ F-18] Fluoroethyl)natrindole. A Radioligand for
Positron Emission Tomographic Studies of the Delta Opioid Receptors,” Journal of Labelled Compounds and
Radiopharmaceuticals, (1999), 42, 43-54.

N1'-([F-18]Fluoroethyl)natrindole ([F-18]FEINTI) anovel analog of the delta opioid receptor antagonist naltrindole
(NTI), has been prepared for evaluation as aradioligand for use in positron emission tomography. The precursor for
radiolabeling was obtained in four steps from naltrexone hydrochloride with an overall yield of 47%. Nucleophilic
displacement of atosylate leaving group by [F-18]fluoride, followed by hydrogenolysis (H,, 10% Pd/C) of the benzyl
protecting group on the phenolic moiety, gave[F-18]FEtNTI. Theaveragetimefor radiosynthesis, HPL C purification,
and formulation was 77 minutesfrom the end of bombardment. [F-18]FEtNTI of high radiochemical purity wasobtained
with an average specific activity of 846 mCi/micromole at the end of synthesis, and an average radiochemica yield of
10% (not corrected for decay).

KINTER, Christopher M., Associate Professor, (co-author), “ Quantifi cation of the DeltaOpioid Receptor in Human Brain WithN1-([C-
11]methyl)naltrindoleand Positron Emission Tomography,” Journal of Cerebral Blood Flowand Metabolism(1999), 19, 956 - 966.

Thetitlecompound N1'-([C-11]methyl)natrindole [ C-11]MeNTI, asd ective deltaopioid antagonist, was synthesized
and study in health human subjects using positron emission tomography (PET). After intravenous administration of
high specific activity N1'-([C-11]methyl)ndtrindole, PET was performed over 90 minutes and the data was analysed.
Thistracer showed irreversible binding characteristics during the scanning period. Theresultsof theanaysisalsowere
compared with the distribution of the delta opioid receptor in the human brain in vitro and found to be consistent with
sdlective bonding to the delta receptor. Additionally, computer simulations were performed to assess the effects of
changesin receptor binding parameters obtained with themodel. A constrained three-compartment kinetic model was
demonstrated to be superior to other quantification models for the description of MeNTI kinetics and quantification of
dedltareceptor bindingin thehuman brainwith C-11 labeled MeNTI.
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SCHROEDER, MariaJ.,, Assistant Professor, (co-author), “ Segmentd Relaxation of Poly(styrene-co-vinylphenol),” Macromolecules,
32(19),6249-6253.

Dielectric and mechanical measurementsof the a-rel axation for polystyrenesof varying vinyl phenol content arereported.
The presence of the polar moiety substantialy increases both the glass transition temperature and the segmental
relaxation times of the copolymer. However, the shape of therelaxation function, aswell asthetemperature dependence
of therelaxationtimes, isinvariant to copolymer composition. Thisindicatesthat the enhancedinteractionsarising from
polar modification of the polystyrene are short-lived on the time scale of the segmental dynamics. Although fragility
was found to be independent of copolymer composition, the heat capacity change at T, increases with increasing
vinylphenol content. The absence of a correlation between these two quantities is contrary to an energy landscape
interpretation of fragility.

WHITAKER, Craig M., Assistant Professor, “Molecular Variables in the Self-Assembly of Supramolecular Nanostructures,”
Macromolecules, 2000, 33, 3550-3556.

Supramolecular structures have the potential to provide macromolecular behavior using relatively low molar mass
building blocks. We present here dataon the self-assembly of triblock rodcoil moleculeswhich contain arigid biphenyl
ester segment covaently linked to structurally diverse oligomeric segments. These molecules form supramolecular
aggregateswith molar massesin therang of 105 - 106 Da, and our experiments probe how supramol ecular structure can
be manipulated by varying the volume fraction of the cail-like flexible segments with respect to that of rod segments.
Small-angle X-ray scattering scansrevealed layer spacing corresponding to monolayersthat increasein sizeasthecoail’'s
molar massincreases. We observed that an increasein coil rod segment length can counteract this effect. Finaly, the
sdlf-organized nanostructures seem to pack into a superlattice based on evidence obtained by X-ray scattering and
transmission electron microscopy.

Presentations

Bitterwolf, T. E. and SHADE, J. E., Professor, “Photochemical Reactions of Cyclopentadienyl Metal Carbonyl Dimers with
Hydrogen. Evidencefor aCO-loss Intermediatein the Formation of Metal Hydrides,” 220" Nationa Mesting of the American
Chemica Society, Washington D.C., 20-25 August 2000.

CAMPBELL, W, Midn 1/C; HUDSON, I, Midn 1/C; VALENTINE, J, Midn /C; and HARTMAN, J.R., Assistant Professor,
“Synthesis and Study of a Seriesof Amine Functionaized SilicaGelsMade Viathe Sol Gel Process,” Eastern Colleges Science
Conference, 1 April 2000.

CAMPBELL, Mark L., Associate Professor, “ Temperature Dependent Rate Constantsfor the Reactions of Gas Phase Lanthanides
withN,O,” XVIIth Conference on the Dynamicsof Molecular Collisions, Lake Harmony, PA, 20 July 1999.

CHEEK, Graham T., Professor, “ El ectrodeposition of Niobium and Tantalum from aRoom-Temperature Molten St System,” 196"
Electrochemical Society Meeting, Honolulu, HI, 20 October 1999.

CHEEK, Graham T., Professor, “ Electrochemical Studiesthe Fries Rearrangement in Room-Temperature Molten Salts,” Gordon
Conferenceon Electrochemistry, Ventura, CA, 19 January 2000.

CHEEK, Graham T., Professor, “ Investigations of the Fries Rearrangement of Phenyl Benzoate in aRoom-Temperature Molten
Sdlt,” 33¢ Middle Atlantic Regiona Meeting of the American Chemical Society, Newark, DE, 16 May 2000.

COPPER, C.L., Assistant Professor, Boyd, T.J., and Calahan, J. “Isolation and Characterization of Metabolic Intermediatesfrom
Polycyclic Aromatic Hydrocarbon Biodegradation,” Southeast Regional Mesting of the American Chemical Society, Knoxville,
TN, October 1999.
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DELONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “1onic Liquid, Graphiteand Gel Polymer Electrolytesand
Electrodes Using 1,2-Dimethyl-3-propyl-imidazolium Tetrafluoroborate,” The Twelfth International Symposium on Molten Salts
was held during the Joint International Meeting of the Electrochemical Society and the Physical Society of Japan in Honolulu,
Hawaii, October 1999.

DE LONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “Electrochemica Studies of Metd Dichalcogenide-
Polymer Composite Electrodes in 1,2-Dimethyl-3-propyl-imidazolium Tetrafluoroborate and 1-Ethyl-3-methyl-imidazolium
Tetrafluoroborate,” The Twelfth International Symposium on Molten Saltswas held during the Joint I nternational Mesting of the
Electrochemical Society and the Physical Society of Japanin Honolulu, Hawaii, October 1999,

DELONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “ Electrochemical Intercaation Studiesof 1,2-Dimethyl-3-
propyl-imidazolium Tetrafluoroborate and 1-Ethyl-3-methyl-imidazolium Tetrafluoroborate in Graphite and Graphite-Polymer
Composite Electrodes,” The Twelfth International Symposium on Molten Saltswasheld during the Joint International Mesting of
the Electrochemical Society and the Physical Society of Japanin Honolulu, Hawaii, October 1999.

DE LONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “ Studies of Cation Transportin Molten Saltsand Molten
Salt-Polymer Gelsby Pulsed-Field-Gradient Spin-Echo NMR,” The Twelfth International Symposium on Molten Sdtswasheld
during the Joint International Mesting of the Electrochemical Society and the Physical Society of Japan in Honolulu, Hawaii,
October 1999.

DE LONG, Hugh C., Mgor (USAF) and Assistant Professor, co-author, “Electrodeposition and Pitting Corrosion behavior of
Aluminum-Manganese Alloys deposited from Room Temperature Chloroaluminate Molten Sdts,” The Twelfth International
Symposium on Molten Salts was held during the Joint International Meeting of the Electrochemical Society and the Physical
Society of JapaninHonolulu, Hawaii, October 1999.

DELONG, HughC.,Mgor (USAF) and Ass stant Professor, co-author, “ El ectrodeposition of Niobium and Tantalum fromaRoom-
Temperature Molten Salt System,” The Twel fth International Symposi um on Molten Saltswasheld during the Joint International
Meeting of the Electrochemical Society and the Physical Society of Japanin Honolulu, Hawaii, October 1999,

ELERT, Mark L., Professor, “Molecular Dynamics Simulation of Shock-Induced Chemistry in Acetylene,” Conference of the
American Physical Society Topica Group on Shock Compression of Condensed Matter, Snowbird, Utah, 27 June- 2 July 1999.

ELERT, Mark L., Professor, “ Critical Widthsin Molecular Dynamics Simulations of Detonations,” Conference of the American
Physical Society Topical Group on Shock Compression of Condensed Matter, Snowbird, Utah, 27 June- 2 July 1999.

ELERT, Mark L., Professor, “Detonation Hugoniots Produced by Piston-Driven Simulations,” Conference of the American
Physical Society Topica Group on Shock Compression of Condensed Matter, Snowhbird, Utah, 27 June- 2 July 1999.

FITZGERALD, Jeffrey P, Professor, co-author, “ Mol ecul e-based Ferromagnets, Ferrimagnets, M etamagnets and Spin-Glasses,”
219" ACSNational Meeting, San Francisco, CA, 26 March 2000.

HARRISON, Judith A., Associate Professor, “Mechanical and Tribological Propertiesof Anchored Alkane Chainson Diamond,”
American Physica Society March Meeting, Minneapolis, MN, March 20-24, 2000.

HARRISON, Judith A., Associate Professor, “ Atomic-Scale Tribology of Alkane Monolayers,” National Institute of Standards
and Technol ogy Workshop on Nanatribology Critical Assessment and Research Needs, Gaithersburg, MD, March 13-15, 2000.

HARRISON, Judith A., Associate Professor, “The Tribology of Hydrocarbon-Containing Lubricants: The Role of Defects,”
Adhesion Society 23 Annual Mesting, Myrtle Beach, SC, February 20-21, 2000.

HARRISON, Judith A., Associate Professor, “ A New, Reactive Potentia Energy Function to Study the Tribology of Hydrocarbon
Systems,” University of Maryland, College Park, MD, December 9, 1999.




126 Chemistry Department

HARRISON, Judith A., Associate Professor, “Mechanical and Tribologica Properties of Anchored Hydrocarbon Chains on
Diamond,” University of Nebraska, Lincoln, NB, November 5, 1999.

HARRISON, Judith A., Associate Professor, “ Atomistic-Scale M odeling and Molecular Dynamicsfor Nano- and Microstructures,”
National Science Foundation Workshop on Nano- and Micromechanics of Solids for Emerging Science and Technology, Palo
Alto, CA, October 7-8, 1999.

HARRISON, Judith A., Associate Professor, “ A Molecular Dynamics|nvestigation of the Atomic-Scal e Friction of Hydrocarbon
Sdlf-Assembled Monolayers,” 218" American Chemical Society National Meeting, New Orleans, LA, August 22-26, 1999.

HARRISON, Judith A., Associate Professor, “Using Molecular Dynamics Simulations to examine Adhesion and Tribology,”
National Science Foundation Workshop on Model Based Simulation, Washington, DC, June 24-25, 1999.

HARRISON, Judith A., Associate Professor, “Friction and Wear of Hydrocarbon Chains Anchored to Diamond Surfaces,”
M aterias Research Society Workshop on Tribol ogy on the 300" Anniversary of Amontons Law, San Jose, CA, June20-22, 1999.

HARRISON, Judith A., Associate Professor, “Molecular Dynamics Investigations of the Tribology of Hydrocarbon containing
Systems,” AFOSR/ONR/NSF Tribol ogy Program Review, Idamorada, FL, June 13-18, 1999.

HEUER, William B., Associate Professor, co-author, “ Supramolecularly Functionalized Hemicyanine Dye by Confinement in
Helicd Amylose,” 4" International Symposium on Functional Dyes, Osaka, Japan, 31 May - 04 June, 1999.

HEUER, WilliamB., Associate Professor, co-author,” El ectroni ¢/Photonic Property Modulationsof D-p-D and D-TeA Chromophores
by DTT asteCenter,” 219" American Chemical Society Nationad Meeting, San Francisco, CA, 26-30 March, 2000.

KINTER, Christopher M., Associate Professor and HENDRIX, John T., Midshipman 2/C (Poster), “ Synthesisof [C-11]L-159,884:
A Radiolabeled, Nonpeptide Angiotensin I Antagonist that is Useful for Angiotensin Il, AT,, Receptor Imaging,” Eastern
College Science Conference, Wagner College, New York, 1 April 2000.

LOMAX, Joseph F., Associate Professor, DILLNER, DebraK, Associate Professor, and STREIB, M. Andrew, Midshipman 3/C,
“Midshipman Online Laboratory System: A web-published laboratory with CGl-based feedback of analysis,” 218th American
Chemical Society National Meeting, August 22-26, 1999, New Orleans, Louisiana, Abstract 183.

LOMAX, Joseph F., Associate Professor, DILLNER, DebraK, Associate Professor, and STREIB, M. Andrew, Midshipman 3/C,
“Construction of the Midshipman Online Laboratory System: Web-based analysis and feedback structure,” 218th American
Chemical Society National Meeting, August 22-26, 1999, New Orleans, Louisiana, Abstract 118.

MCCLEAN, Roy E., Associate Professor, “ Depletion Kinetics of Chromium Atoms by Sulfur Dioxide,” presented at the 219th
American Chemical Society National Meeting, San Francisco, California, 29 March 2000.

O’ SULLIVAN, Danid W., Assistant Professor, (Poster) “ Hydroperoxide observationsfrom the P3-B aircraft during PEM TROPICS
B”, NASA Science Team Mesting, Hampton VA, May 15, 2000.

SCHROEDER, MariaJ., Assstant Professor, “ Relaxation Processesin Polymer Blendsand Copolymer Systems,” Gordon Research
Conference on Elastomers, Networks, and Gel's, New London, New Hampshire, 20 July 1999.

SCHROEDER, MariaJ., Assistant Professor, “ Segmenta Rel axation of Poly(styrene-co-vinylphenol) Copolymers,” 155" Rubber
Division (of the American Chemical Society) National Mesting, Dallas, Texas, 5 April 2000.

SHADE, J. E., Professor, and Rest, A, “ Synthesis and Matrix I solation Studies of 1socyanide Iron Complexes,” 220" National
Meeting of the American Chemical Society, Washington D.C., 20-25 August 2000. Invited speaker: Synthetic and Mechanistic
Organometallic Chemistry symposium in honor or Dr. Andrew Wojcicki.
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URBAN, Joseph J., Assistant Professor, “Use of 3-D Molecular Models in Instructional Chemistry Web Pages’ Curriculum
Devel opment Presentation, United StatesNaval Academy, Oct, 1999.

WHEAT, R.J., Midshipman 1/C,HARTMAN, J.R., Assistant Professor, PEARSON, W.H., Associate Professor, and Callahan, JH.
“Comparison of Gas and Solid Phase Structures for a Series of Ni(l1) and Cu(l1) Aminopyridine Complexes,” Eastern Colleges
Science Conference, 1 April 2000.
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