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ABSTRACTS 
  

1. ADVENTURES WITH CELLULAR IRON.THE NUTS AND BOLTS OF CELLULAR CLUSTER 
ASSEMBLY.  James Cowan1;  1Ohio State University, 100 West 18th Avenue, Columbus, OH 

Over the past two years we have characterized the principal proteins required for the in vivo assembly of iron-sulfur 
clusters. A combination of structural and functional studies have provided unprecedented molecular insight on the 
biosynthetic mechanism of cluster formation. Novel aspects of protein dynamics, and iron and cluster transfer 
chemistry will be highlighted. 
  
2. OXYGEN ATOM TRANSFER REACTIONS FROM HIGHER VALENT OXOMOLYBDENUM 

COMPOUNDS.  Partha Basu1;  1Duquesne University, 600 Forbes Avenue, Pittsburgh, PA 

Many mononuclear molybdenum enzymes function via oxygen atom transfer (OAT) reactions between the substrate 
and water. Through isotope labeling experiments, the atom transfer chemistry has been established for DMSO-
reductases (both native and W substituted). The atom transfer chemistry with discrete inorganic molecules has been 
documented. Recently it has been possible to detect and isolate intermediates of the OAT reactions, demonstrating 
the involvement of more than one transition state in these reactions. The detection, isolation and characterization of 
the intermediates of OAT reactions starting with dioxo-Mo(VI) as well as monooxo-Mo(VI) centers will be 
discussed. Also the mechanism of product dissociation from an intermediate compound will be discussed. 
  
3. LIGAND EXCHANGE AND BINDING REACTIONS OF METALLOPORPHYRINS. AN INTERSECTION 

OF STERICS, MECHANISM AND THERMODYNAMICS.  Alan Stolzenberg1;  1West Virginia University, 
P.O. Box 6045, Morgantown, WV 

Several porphyrins with steric encumberance on both faces were constructed to probe the mechanism of an alkyl 
exchange reaction of alkyl cobalt tetrapyrroles. The results of the mechanistic studies led to surprises about the 
effective steric bulk of some these structurally elaborate porphyrins. Studies of the ligand binding equilibria for 
coordination of a series of Lewis bases of varying size and shapee were performed to functionally test the effective 
bulk of these metalloporphyrin complexes. 
  
  

 
4. BIO-INSPIRED APPROACH FOR MOLECULAR-LEVEL ORGANIZATION OF TRANSITION METAL 

IONS.  Catalina Achim1;  1Carnegie Mellon University, 4400 5th Ave, Pittsburgh, PA 

Important challenges in molecular electronics are the design of molecular scale devices. While the electron transfer 
and conduction properties of DNA remain under debate, it is recognized that DNA can be used as a scaffold for 
nanosize molecular devices. Molecular recognition properties of the nucleic acids and transition metal ions can be 
used as a means of creating nano-size structures with predefined architecture that contain paramagnetic metal ions, 
and that offer promise for devices with interesting electronic and magnetic properties. We use polytopic ligands 
synthesized by a method, readily applicable to a variety of coordinating units, to incorporate transition metal ions 
into nucleic acid duplexes. Ligand design is inspired from peptide nucleic acids (PNA), a synthetic analogue of 
DNA that has a pseudo-peptide backbone based upon N-(2-aminoethyl)-glycine instead of the phosphodiester 
backbone of DNA. Ligands are substituted for nucleobases to form PNA oligomers that are bridged by hydrogen 
and coordinative bonds into metal-containing duplexes. CD experiments demonstrate that PNA duplexes containing 
one metal-ligand base pair adopt a helical structure similar to that of the corresponding unmodified PNA duplexes. 
Variable-temperature UV spectroscopy shows a very sensitive dependence of the duplex stability on the 
incorporation in the duplex stability on the incorporation in the duplex of a pair of ligands or of a metal-ligand 
alternative base pair. The influence of the metal-mediated alternative base pair depends significantly on the position 
of the pair in the PNA duplex. 
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5. NEW NEAR-INFRARED LUMINESCENT LANTHANIDE COMPLEXES : A NEW GENERATION OF 
LUMINESCENT PROBESFOR IN VIVOIMAGERY AND BIOLOGICAL ASSAYS.  Stephane Petoud1, 
Jian Zhang1, Paul Badger1, Jason Cross1;  1University of Pittsburgh, Chevron Science Center, Pittsburgh, PA 

Advances in biology, clinical diagnostic, high throughput screening, genomic and proteomic screening have 
dramatically increased the demand for luminescent probes that can be used in solution and possess specific 
luminescence properties. Luminescent lanthanide probes provide benefits when compared to purely organic 
fluorophores due to sharp emission bands and their long luminescence lifetimes. These properties allow for accurate 
spectral and temporal discrimination between sample signal and fluorescence background. These unique properties 
allow for increased sensitivity and accuracy when analyzing biological samples or mixtures of molecules. 
  
6. CISPLATIN-MEDIATED GENE EXPRESSION IN OVARIAN CELLS.  Rathindra Bose1;  1Northern 

Illinois Universoty, Adams Hall 227, Dekalb, IL 

The platinum compound, cis-diamminedichloroplatinum (II) is widely used for the treatment of ovarian and 
testicular cancer.  It is commonly believed that DNA is the cellular target, but how the platinum-DNA binding 
induces apoptosis in G2 phase, a post replication phase of the cell cycle, is largely unknown.  By using the 
oligonucleotide array technology, we have identified over 200 genes in several different cell lines that are either up- 
or down-regulated by a factor of three or more  in the presence of cis-platin.  Among these gene transcripts, cell 
surface proteins, DNA binding proteins, and antiapoptotic proteins were greatly regulated by the platinum drugs.  
Furthermore, the regulations of these genes were monitored at various time intervals upto the onset of apoptosis. 
Implications of the involvement of these highly regulated genes in the cell cycle and in triggering apoptosis will be 
discussed. 
  
7. TANDEM TIME-OF-FLIGHT (TOF/TOF) MASS SPECTROMETRY WITH A CURVED FIELD 

REFLECTRON.  Robert Cotter1, Serguei Iltchenko1, Ben Gardner1, Dongxia Wang1;  1Johns Hopkins 
University, 725 N. Wolfe Street, Baltimore, MD 

The limitations of the post-source decay (PSD) method for structural analysis from a time-of-flight mas 
spectrometer have generated considerable interest in tandem instruments, or TOF/TOFs.  In fact the major difficulty 
with PSD, as it is commonly practiced, has been the method of scanning or stepping the reflectron voltage, while 
current tandem TOFs provide an alternative method for focusing product ions that involves post-acceleration of the 
ions to accomodate the limited bandwidth of single and dual-stage reflectrons.  The curved-field reflectron (CFR) 
was introduced some years ago as a method for focusing PSD fragment ions without stepping the reflectron voltage.  
In a tandem configuration, it also eliminates the need for reacceleration of product ions.  In the instrument presented 
here, the addition of a collision chamber of a commercial TOF instrument with a CFR enables focusing of both PSD 
and collision-induced dissociation (CID) products, and both methods provide effective means for obtaining 
structural data.  In particular, we utilized PSD analysis to obtain the multiple sites for acetylation of the protein 
histone acetyl transferase (HAT), while CID was used to obtain additional amino acid composition (immonium) ions 
for several class I antigens associated with the major histocompatability complex.  
  
8. PROFILING THE SOURCE OF PROTEINS: MASS SPECTROMETRY OF THE RIBOSOME.  Patrick 

Limbach1, Moo-Jin Suh1, Soheil Pourshahian1;  1University of Cincinnati, Department of Chemistry, P.O. 
Box 210172, Cincinnati, OH 

Our group has been developing mass spectrometry-based approaches for the characterization of the structural 
interactions between ribosomal proteins and rRNA in ribosomes.  Here, we present results from our research aimed 
at using matrix-assisted laser desorption/ionization (MALDI) mass spectrometry for the rapid analysis of ribosomal 
proteins in intact ribosomes.  Analysis of ribosomal protein is critically dependent on optimal sample preparation.  
Several methods that are compatible with MALDI-TOF MS have been introduced to improve the quality of mass 
spectra obtained from ribosomal proteins.  We have also used 2-iminothiolane•HCl as a cross-linker to probe the 
structural assembly of the ribosome.  MALDI TOF-MS analysis of the cross-linked mixture allows for the rapid 
determination of proteins that are solvent accessible within the ribosome.  Additionally, we are focusing on 
identifying the influence of antibiotics on the post-translational and post-transcriptional processing of the ribosome. 
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9. CHIP-BASED ELECTROSPRAY MASS SPECTROMETRY APPLIED TO LARGE AND SMALL 
MOLECULES.  Jack Henion1, Ellen Pace1, Kevin Howe1, Sheng Zhang1, Colleen Van Pelt1;  1Advion 
BioSciences, Inc., 15 Catherwood Rd., Ithaca, NY 

Electrospray mass spectrometry has provided major advances and opportunities for the analytical determination of 
small and large molecule compounds. This unique ionization mode coupled with on-line LC/MS and LC/MS/MS 
techniques has essentially revolutionized the bioanalytical sciences.  There are now new developments that may 
provide even greater analytical rewards for the future in this same field.    Recently we have seen reports on the 
miniaturization of analytical techniques. These have ranged from separation science applied to chip-based devices to 
sample preparation and analysis from miniaturized devices.  An important opportunity appears to exist if we apply 
miniaturization to techniques in electrospray mass spectrometry.   We have developed a chip-based array of 100 
microfabricated nanoelectrospray nozzles etched in a silicon substrate.  This microfabricated `chip´ is 
accommodated by a robot (NanoMate 100) which serves to interface the modern  world of the 96-well plate to the 
micro chip for fully automated nanoelectrospray mass spectrometry.  This presentation will summarize the 
challenges and opportunities afforded by this new strategy and will present several applications applied to drug 
discovery in the pharmaceutical industry.    
  
10. MULTIDIMENSIONAL CHROMATOGRAPHY ESI-FT-ICR MASS SPECTROMETRY:  THE ULTIMATE 

PEAK CAPACITY FOR PROTEOME MEASUREMENTS.  David Muddiman1;  1Mayo Clinic, 200 First 
Street SW, Department of Biochemistry and Molecular Biology, Rochester, MN 

The human genome is extremely static (fortunately) compared to the transcriptome and proteome and thus, 
knowledge of which proteins are expressed under a given set of circumstances is invaluable. Our research group is 
interested in developing electrospray ionization Fourier transform ion cyclotron resonance mass spectrometry (ESI-
FTICR-MS) for genomic and proteomic applications because it can provide sub parts-per-million mass accuracy, 
multi-stage mass spectrometry capabilities, and ultra-high mass resolving power over a wide m/z range. Our goal is 
to use this MS platform to identify and quantify proteins as well as characterize post-translational modifications, but 
first differentiate control from diseased populations. This presentation will discuss the advancement of ESI-FT-ICR-
MS when combined with isotopic labeling strategies and 1 and 2 dimensional chromatography in the context of 
clinical applications including screening for familial amyloidosis and the discovery of novel serum biomarkers for 
the detection of early stage ovarian cancer. 
  
11. FINDING AND QUANTITATING POST-TRANSLATIONAL MODIFICATION OF PROTEINS.  Michael 

Kinter1;  1Cleveland Clinic Foundation, Department of Cell Biology, Lerner Research Institute - NC10, 
Cleveland, OH 

Tandem mass spectrometry is a robust and powerful tool for protein analysis, and especially protein identification.  
After proteins are identified, a common question is whether any post translation modifications are present and, if 
they are, to what extent is the protein modified.  Unfortunately, although mass spectrometry is fundamentally suited 
to such experiments, the experiments are far more difficult than the identification experiment with less clear 
pathways to consistent success. My laboratory has been using mass spectrometry to characterize protein 
modifications in a number of systems, including phosphorylation and oxidative modification.  These experiments 
use combinations of cell free modification reactions and/or affinity purification for characterization of the sites of 
modifications.  As the modification sites are mapped, quantitative methods can be developed.  Our quantitative 
methods are based on an approach we call the `native reference peptide´ method (NRP).  This methods is a relatively 
straight-forward approach to relative quantitation, and with external calibration, absolute determination of the mole 
fraction of a modified peptide in a protein.    
  
  

 
12. THE CHEMISTRY OF ART: TEACHING SCIENCE IN A LIBERAL ARTS CONTEXT.  Richard Hark1;  

1Juniata College, Von Liebig Center for Science, Department of Chemistry, Huntingdon, PA 
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College-level courses which combine chemistry and art allow students, who may normally be adverse to science, to 
explore the world of art through the eyes of a chemist.  The Chemistry of Art is an innovative, laboratory-based, 
non-majors course that covers many of the basic concepts of general chemistry, as well as aspects of analytical and 
organic chemistry.  The course allows students to develop an appreciation of the overlap between chemistry and art 
as they learn about the chemical composition and properties of artists' materials such as paints, dyes, alloys, 
ceramics, glass, paper, and photographic materials.  Hands-on experience with the synthesis and analysis of 
pigments, the casting and patination of bronze and the preparation of a fresco enrich the students' understanding of 
the experimental nature of chemistry.  It is especially useful to museum studies, art history and studio art majors and 
serves as a popular science elective for students in other non-science disciplines.  A background in chemistry or art 
is not required to gain an appreciation of how these two disciplines naturally complement one another.  The 
application of chemistry to the restoration and study of priceless artworks, including Michaelangelo's exquisite 
frescos in the Sistine Chapel, Bellini's painting The Feast of the Gods, and Cellini's Perseus statue will be examined.  
The role of chemistry in ascertaining the authenticity of artworks and artifacts, including the Van Meegeren's 
famous Vermeer forgeries and the Shroud of Turin will be briefly presented.  Useful resources and ideas for 
implementation of similar courses will also be shared. 
  
13. PROCESS ORIENTED GUIDED LEARNING:  A STUDENT-CENTERED APPROACH TO CHEMISTRY 

EDUCATION.  Richard Moog1;  1Franklin and Marshall College, P.O. Box 3003, Lancaster, PA 

Process Oriented Guided Inquiry Learning (POGIL) is a newly-funded NSF project whose focus is the national 
dissemination of an innovative instructional approach based on the current understanding of how students learn best. 
The POGIL approach involves creating a learning environment where students are actively engaged in mastering a 
discipline and in developing essential skills by working in self-managed teams on guided inquiry activities. This 
presentation will introduce the POGIL principles, provide data on the effectiveness of the approach, and describe 
how the project can assist others interested in implementing these types of active-learning approaches. 
  
14. A NEW ELEMENT ON THE PERIODIC TABLE - IT - USING THE ELEMENT OF INFORMATIN 

TECHNOLOGY IN THE CHEMISTRY CLASSROOM.  John Penn1;  1West Virginia University, P.O. Box 
6045, Morgantown, WV 

  
15. VIRTUAL LABS AND SCENARIO BASED LEARNING FOR INTRODUCTORY CHEMISTRY.  David 

Yaron1, Michael Karabinos1, D. Milton1, Karen Evans2, Gaea Leinhardt2;  1Carnegie Mellon University, 
Department of Chemistry, Pittsburgh, PA; 2University of Pittsburgh, Pittsburgh, PA 

We are developing technologies that address two main learning challenges in introductory chemistry. Our virtual 
laboratory addresses the first challenge, that of helping students connect the algebraic manipulations of the current 
course with authentic chemistry. This is done through our virtual lab, a flexible Java applet that allows students to 
choose from hundreds of standard reagents and manipulate them in a manner that resembles that of a real lab. The 
lab allows us to couple the paper-and-pencil activities of the current course with activities that involve chemical 
manipulations and experimental design. The other major learning challenge in introductory chemistry is coupling 
chemical knowledge with the real world. Our CreateStudio authoring tools allow non-programmers to create 
scenarios that embed chemical manipulations in contexts that highlight their utility. By comparing textbooks with 
the NY Times´ Science Times and Scientific American, we have identified and characterized a misalignment 
between chemistry instruction and the demands of chemical literacy. We will use our Mixed Reception murder 
mystery activity to illustrate how imbedding current course concepts in scenarios can address this misalignment, 
while requiring only minor changes to current course structures. 
  
16. SYNTHESIS AND CHARACTERIZATION:  GUIDED INQUIRY AND MOLECULAR MODELING IN 

AN UPPER LEVEL COMPREHENSIVE LAB.  Elisabeth Bell-Loncella1;  1University of Pittsburgh, 
Engineering & Science Building, Johnstown, PA 
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Historically, the upper level laboratory chemistry courses at Pitt-Johnstown have focussed on analytical and physical 
chemistry. Desiring to broaden the scope and incorporate advanced organic and inorganic synthetic methods in the 
curriculum, we introduced a two credit elective, Physical Inorganic Lab (see chem 1132 at 
http://dradvisor.upj.pitt.edu/cgi-bin/CourseCatalogSubjects.cfm) in the spring of 1995. Students taking the lab 
course prepare a broad range of inorganic compounds using various synthetic methods and characterize their 
products using all relevant spectroscopic, electrochemical and physical techniques available in the Department. The 
class is small; thus, for each experiment, or project, each student prepares a different example of a class of 
compounds (e.g. cobalt coordination complexes, organometallic compounds with arene ligands, complexes 
exhibiting isomerization, etc.). At the end of each project, students report their results in a group meeting format 
after which they submit a formal report. Recently we changed the course name and number (Chem 1133) and 
broadened the scope to include synthesis and characterization of organic as well as inorganic compounds. The 
projects are presented in a discovery format and the students, working in teams, develop their experimental 
procedure using available resources. Instead of using a published lab manual, students obtain necessary information 
from the internet and the chemical literature The next iteration will include a molecular modeling component. An 
overview of the course design, some sample projects, and the molecular modeling component - a work in progress - 
will be presented. 
  
17. NANOMECHANICAL PROBING OF POLYMERS WITH AFM: FROM MULTILAYERED NANOSCALE 

FILMS TO INDIVIDUAL MOLECULES.  Vladimir Tsukruk1;  1Iowa State University, 3053 Gilman Hall, 
Ames, IA 

Recent developments and results on micro- and nanomechanical probing of a variety of polymer composite 
materials from the author's lab are discussed. Main attention is paid to the development of compliant nanoscale 
surface layers with graded microstructure for resistance to contact deformation and damage relevant to 
microelectromechanical devices.  We focus on the applicability of various models of the contact mechanics, depth 
profiling, reliability and limitations of the probing of polymeric materials with atomic force microscopy (AFM) in 
dc mode (force-distance curves and force-volume micromapping).  A two-spring model with variable spring 
constants is used for data processing for elastic materials.   Although in many cases of polymer composites, the 
Hertzian behavior is observed and the Hertzian model can be applied, in the vicinity of glass transition, ultrathin 
(nanoscale) surface layers, or multilayered polymer films additional contributions should be accounted. These 
phenomena cause either positive or negative deviations from purely elastic behavior that should be analyzed by 
means of the modified viscoelastic Johnson model and Hetrzian models with effective, depth-dependent elastic 
modulus. Our recent adaptation of Doerner-Nix approach to AFM data processing to include complex gradient of 
elastic properties along the surface normal is presented.  The applicability of this model for bi- and tri-layer 
polymer-organic films in air, fluid, and at variable temperatures and overall thickness of 5-100 nm and elastic 
moduli ranging from 10 to 2000 MPa is demonstrated. 
  
18. PROBING MECHANICAL PROPERTIES OF ADHESIVE BLENDS AT THE NANOSCALE USING A 

SCANNING PROBE MICROSCOPE.  Mark Foster1, Seungho Moon1;  1The University of Akron, Dept. of 
Polymer Science, Akron, OH 

Scanning Probe Microscopy (SPM) has been used to investigate the nanomechanical and nanorheological properties 
at the surface of polymeric materials. Getting information key to understanding physical properties necessitated 
making the data acquisition faster and more flexible.  Computer-assisted measurement automation was achieved 
using a high-speed data acquisition system controlled by the commercial software package, LabViewTM.  Several 
types of input signals could be generated and used to modulate the sample on the nanometer scale, and the response 
recorded by the detector was analyzed on different time scales for the study of viscoelastic behavior of the 
polymeric surfaces. Finally, new measurement protocols, "X-modulation" and "Force-Distance (F-d) with X-
modulation", have been applied to the study of various polymeric systems including model adhesive blends and 
blends of polymers with different architectures. Experimental observations have been quantified and interpreted in 
terms of friction and adhesion. 
  
19. IN SITU MECHANICAL AND ELECTROMECHANICAL STUDY OF INTRINSIC PROPERTIES OF 

NANOTUBES AND NANOWIRES.  Min-Feng Yu1;  1University of Illinois at Urbana-Champaign, 1206 W. 
Green Street, MC-244, Urbana, IL 
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We present a study of the mechanics and electromechanics of individual nanostructures (e.g. their mechanical 
rigidity, tensile strength, tribological property, electromechanical coupling and fracture behavior) based on free 
space nanomanipulation and in situ characterization under high-resolution visualization.  Effects of defect, 
symmetry, and structural stability, on the mechanical properties of nanostructures at the nanoscale, will be 
discussed, as well as their implications for materials engineering and device application in nanoelectromechanical 
system.  Our recent effort on the development of new tools and on the chemical synthesis and characterization of 
one-dimensional piezoelectric and ferroelectric nanomaterials, such as BaTiO3 nanowire and BN nanotube, will also 
be presented.  
  

 
20. NANO-MANUFACTURING OF SYNTHETIC GECKO FOOT-FIBERS.  Metin Sitti1;  1Carnegie Mellon 

University, PA 

Geckos can climb and run on wet or dry and molecularly smooth or very rough surfaces with very high 
maneuverability and power efficiency.  They have compliant micro- and nanoscale high aspect-ratio beta-keratin 
hairs at their feet to adhere to any surface with a pressure controlled contact area.  Being inspired from these hairs, 
this presentation will focus on manufacturing synthetic gecko foot-hairs as novel polymer dry adhesives.   Three 
fabrication techniques are proposed.  The first approach is nanorobotic, and it uses atomic force microscope probes 
to indent soft surfaces precisely to manufacture molding templates.  The second approach uses self-organized 
nanopore membranes as the template.  Both templates are molded with liquid polymers under vacuum, and, after 
curing, cured polymers are peeled off or templates are etched away.  1:300 aspect ratio (200nm diameter) and 1:2, 4, 
9 aspect ratios (5, 2, 0.6 ?m diameters, respectively) silicone rubber (PDMS) and polyurethane micro- and nano-
fibers are fabricated and characterized.  Preliminary synthetic hair prototypes showed adhesion close to the predicted 
values for natural specimens (around 100nN each).  As the final method, a directed self-assembly manufacturing 
technique is proposed.  Here, a thin liquid polymer film is coated on a flat conductive substrate, and a closely spaced 
another metal plate is used to apply a DC electric field on the polymer film.  Then, regular micro/nano-pillars grow 
due to the instability of the liquid film.  These pillars would be utilized as synthetic fibers.  By these techniques, 
large areas of different aspect ratio micro- and nanoscale hairs are manufactured at very low costs and high volume. 
These hairs will be utilized in the attachment mechanisms of future wall-climbing and surgical robots in 
unstructured environments. 
  
21. IMAGING THE MECHANICAL AND ELECTRICAL PROPERTIES OF POLYMERIC SURFACES.  

Gilbert Walker1;  1University of Pittsburgh, 219 Parkman Ave, Chevron Science Ctr, Pittsburgh, PA 

AFM techniques are revealing the mechanical properties of single man-made polymers, proteins, and their 
aggregates.  Different adhesion states of macromolecules and the kinetics of transformations between them are 
revealed by loading rate dependent rupture force studies.  Including a bias between the AFM tip and the surface has 
been used  to investigate the charge transport properties of single molecules, as well as aggregates. 
  
22. FOURIER TRANSFORM TAPPING MODE AFM: PERSPECTIVES FOR REAL TIME MAPPING OF 

POLYMER PROPERTIES.  Tomasz Kowalewski1;  1Carnegie Mellon University, 4400 Fifth Avenue, 
Pittsburgh, PA 
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Owing to its ability to minimize lateral tip-sample forces, tapping mode AFM (TMAFM) is currently the most 
widely used proximal probe technique for imaging of soft and delicate systems such as synthetic and biological 
macromolecules. Topography is tracked by the feedback loop utilizing the change of oscillation amplitude due to 
intermittent tip-sample contacts. For robustness of control, TMAFM feedback loop is based on monitoring the 
average value of cantilever oscillation amplitude. In past years, considerable efforts have been directed towards 
extending tapping mode imaging towards mapping sample properties in addition to topography. Those efforts were 
primarily focused on so called phase imaging, which relies on the measurement of phase shift between the cantilever 
drive and amplitude. Significant progress has been achieved in relating the phase shift and energy dissipation 
through tip-sample interactions, which is of particular interest with macromolecular systems, which can exhibit a 
range of viscoelastic and plastic responses.   An emerging alternative approach towards mapping material properties 
with TMAFM is based on the analysis of full cantilever trajectory as opposed to the average oscillation amplitude 
and phase. Although it has been generally acknowledged that the trajectory contains information about the tip-
sample potential, it was not clear how this information could be extracted in a meaningful way. Most recently, work 
underway in our laboratory and elsewhere indicated that this can be accomplished by Fourier analysis of higher 
harmonic components of cantilever trajectory. This presentation will discuss the perspectives associated with the use 
of Fourier Transform AFM as a tool for studying local polymer properties. The discussion will be illustrated with 
the results of computer simulations and actual experiments, pointing to the experimental challenges associated with 
the implementation of Fourier Transform AFM and its application to polymer systems. Broader implications of 
these results, in particular the central role of cantilever oscillation anharmonicity in physics of TMAFM, will be also 
discussed. 
  
23. CHARACTERIZATION OF POLYMERS AT NANOMETER SCALE.  Chanmin Su1, Sergei Magonov1;  

1Veeco Metrology Group, 112 Robin Hill Road, Santa Barbara, CA 

Characterization of physical properties of polymer materials presents new challenges to scanning probe microscopy. 
Due to susceptibility of polymer morphology to tip interaction force, in addition to complexity of imaging control, 
traditional electric measurements based on contact mode can no longer work on soft polymers. Furthermore, the 
viscoelastic response of polymers demands wide frequency mechanical spectra similar to dynamic mechanical 
analysis of bulk polymers. However, parasitic resonances of traditional actuation system used in force modulation 
strongly restrict frequency range of dynamic mechanical measurements. In this presentation we will discuss 
solutions to physical properties measurements based on scanning probe microscopies. Using torsional resonance to 
control tip surface interaction we were able to successfully measure the tunneling current of nanometer-size 
conductive particles in carbon black polymer composites and carbon nanotubes. A dynamic mechanical analysis 
method which expands measurement frequencies continuously to 100 kHz will also be discussed. This method was 
used to measure glass transition dynamically with a local resolution of about 100 nm. Dynamic measurements also 
provide activation energy of glass transition and viscoelastic characteristics of glassy and rubbery states of 
polymers. 
  
24. STEREOSELECTIVE SYNTHESIS WITH OLEFINS AND ACETYLENES: NEW LIGANDS AND OTHER 

CONTROL ELEMENTS FOR HOMEGENEOUS CATALYZED REACTIONS.  T. V. Rajanbabu1;  1Ohio 
State University, 100 W. 18th Ave., Columbus, OH 
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One of the major challenges facing organic synthesis is the utilization of abundantly available carbon sources for 
fine chemical synthesis. The dual problems of activation of thermodynamically stable precursors and their 
stereoselective incorporation pose new challenges, solutions of which may have broader implications in 
homogeneous catalysis. In this context, we have discovered new protocols for a nearly quantitative and highly 
selective codimerization of ethylene or propylene, and various functionalized vinylarenes and strained olefins. This 
talk will deal with the development of various strategies for stereochemical control in an enantioselective version of 
this reaction. These include design and synthesis of new ligands and applications of the `hemi-labile ligand concept´. 
The products of this reaction are potentially useful for the synthesis of widely used antiinflammatory 2-arylpropionic 
acids. Examples of the use of various control elements such as ligand electronic and steric effects, and effects of 
counterions to improve the efficiency and selectivity of other key C-C and C-H bond-forming reactions will also be 
illustrated. In many cyclization reactions functional groups are depleted in the ring-forming event. Recently we have 
been interested in reactions in which the annulation reaction is accompanied by formation of vinyl-X bonds, which 
in turn can be used for subsequent stereoselective operations. Application of these types of reactions will be 
discussed. [For a leading reference, see: J. Am. Chem. Soc. 2002, 124, 734.; Chem. Rev. 2003, 103, 2845.; J. Am. 
Chem. Soc. 2000, 122, 8579.; 2001, 123, 8416.) 
  
25. ELECTROPHILE FORMATION FROM UNEXPECTED SOURCES.  Paul Floreancig1;  1University of 

Pittsburgh, 1203 Chevron Science Center, Pittsburgh, PA 

An overview of the optimization and mechanistic analyses of our oxidatively-initiated cyclization reactions will be 
presented. Recent applications to the constructions of unique heterocyclic frameworks and to selective carbon-
carbon bond formation will be discussed. 
  
26. OXONITRILES: MULTICOMPONENT GRIGNARD ADDITION-ALKYLATIONS.  Fraser Fleming1;  

1Duquesne University, 308 Mellon Hall, 600 Forbes Ave., Pittsburgh, PA 

Sequential carbonyl addition, conjugate addition, and alkylation permits the multicomponent assembly of diverse 
nitriles. The chelation controlled conjugate addition controls the conjugate addition diastereoselectivity, generating 
substituted nitriles that are ideal terpenoid precursors as illustrated in the 5-step synthesis of epi-dehydroabietic acid.  
  

 
27. DEVELOPMENT OF A CATALYTIC, ASYMMETRIC ADDITION OF 1,3-DICARBONYL                        

COMPOUNDS TO NITROALKENES IN THE SYNTHESIS OF ENDOTHELIN-A ANTAGONIST                   
ABT-546.  David Barnes1;  1American Chemical Society, Abbott laboratories, Process Chemistry Research, 
North Chicago, IL 

The development of an asymmetric addition of ketoesters and malonates to nitroalkenes will be presented, along 
with the application of the reaction to the synthesis of Endothelin-A antagonist ABT-546. The further scope and 
applications of the reaction will be detailed, as will studies into the mechanism. This system, employing a 
bis(oxazoline) magnesium complex with an amine co-catalyst, represents a catalytic conjugate addition reaction in 
which the enolization step is incorporated into the catalytic cycle. 
  
28. RECENT ADVANCES USING CINCHONA ALKALOID DERIVATIVES AS.  Michael Calter1;  

1University of Rochester, 404 Hutchinson Hall, Rochester, NY 

Cinchona alkaloids function as asymmetric catalysts for a number of useful reactions. We will discuss our results 
using derivatives of these alkaloids to catalyze the ketene dimerization and Feist-Bénary reactions. These reactions 
proceed in a highly enantioselective fashion when catalyzed by the appropriate cinchona derivative. We will also 
present interesting mechanistic information on the role of the catalysts in both reactions.  
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29. DEVELOPMENT OF AN INFECTION-RESISTANT BIFUNCTIONALIZED DACRON MATERIAL 
USING MODIFIED TEXTILE DYEING TECHNOLOGY.  Puja Aggarwal1, Matthew Phaneuf1, Martin 
Bide2, Kerry Sousa1, Frank LoGerfo1, William Quist1;  1Beth Israel Deaconess Medical Center, 4 Blackfan 
Circle, Room 131, Boston, MA; 2University of Rhode Island, 311 Quinn Hall, Kingston, RI 

Infection is a major complication despite advances in sterile procedures in the clinical setting. All implantable 
biomedical devices, including those with polyester (Dacron) constructs, continue to have significant infection rates. 
The purpose of this study was to determine reaction conditions that resulted in an infection-resistant biomaterial by 
applying the antibiotic Ciprofloxacin (Cipro) to Dacron. Each Dacron segment was modified with ethylenediamine 
(EDA) to create a bifunctional surface. Cipro was applied to this Dacron under varied conditions such as dyeing 
time, dyeing temperature, autoclaving and solution pH. Antimicrobial activity, determined by a zone of inhibition 
assay against Staphylococcus epidermidis, for autoclaved, Cipro-dyed, EDA-treated segments persisted for 78 days 
(length of study). Non-autoclaved segments lost activity within one hour. Variation of dyeing time and temperature 
did not significantly affect antibiotic release. Varying the pH of the dyeing solution seemed to affect the 
antimicrobial properties of the biomaterial. Cipro application to EDA-treated Dacron resulted in a sustained release 
of antibiotic over an extended period of time. 
  
30. DEVELOPMENT OF AN INFECTION-RESISTANT ANIONIC DACRON BIOMATERIAL USING 

MODIFIED TEXTILE DYEING TECHNOLOGY.  Kerry Sousa1, Matthew Phaneuf1, Martin Bide2, Puja 
Aggarwal1, Frank Logerfo1, William Quist1;  1Beth Israel Deaconess Medical Center, 4 Blackfan Circle, 
Boston, MA; 2University of Rhode Island, 311 Quinn Hall, Kingston, RI 

Infection is a major complication when utilizing implantable biomaterials.  The purpose of this study was to 
determine the experimental conditions that create a polyester (Dacron) biomaterial with sustained bacteriocidal 
properties.  Thermofixation (pad/heat) and autoclaving is employed to directly incorporate the antibiotic 
Ciprofloxacin (Cipro) into the Dacron fiber.  Woven Dacron segments were hydrolyzed in 0.5% or 1% NaOH 
solutions at 100ºC, providing functional groups to increase material wettability.  The segments were sprayed with a 
5mg/ml Cipro solution and dried overnight at 58ºC, followed by pad/heating at temperatures of 170ºC, 190ºC or 
210ºC for 2 minutes. Prior to plating, segments were autoclaved to ensure sterilization and further push Cipro into 
the Dacron fibers.  A zone of inhibition assay against Staphylococcus epidermidis was used to assess antimicrobial 
activity.  Cipro-dipped Dacron segments had no antimicrobial activity after 4 hours whereas antimicrobial activity 
for pad/heat-autoclave treated segments persisted 65 days (length of study).  Thus, Cipro application to modified 
Dacron via thermofixation results in controlled, sustained antibiotic release over an extended period of time. 
  
  

 
31. CHAIN END STUDIES OF COPPER(II) ENOLATE REDOX INITIATED FREE RADICAL 

POLYMERIZATION.  Faith Wyzgoski1, Kristin McNamara2, H. Harwood2, Peter Rinaldi2;  1Ohio State 
University, 1680 University Drive, Mansfield, OH; 2University of Akron, Akron, OH 

Polymerization of vinyl monomers can be initiated by anaerobic oxidation of aliphatic and aromatic aldehyde and 
ketone enolates in solution in the presence of Cu(II)-pyridine complexes, triethylamine, and triphenylphosphine. 
Previous research indicates that a complex of the enolate is formed with the Cu(II) species and this Cu(II)-enolate 
complex undergoes electron transfer to form a radical bearing α-carbonyl group and a Cu(I)-phosphine complex. 
The radical is capable of initiating polymerization of vinyl monomers. Herein, is reported the use of aromatic C-13 
labeled carbonyl compounds and Cu(II) octanoate to produce initiators for the free radical polymerization of a series 
of homo- and copolymers of styrene and methyl methacrylate. Nuclear magnetic resonance (NMR) analysis of the 
C-13 labeled chain ends of these polymers afforded insight into the mechanisms of initiation and termination. In 
copolymerization experiments using C-13 labeled acetophenone, the NMR spectra provided evidence of selectivity 
for styrene monomer addition to the phenacyl radical. Study of the spectra also yielded quantitative microstructural 
information, suggesting that a Bernoullian model could be invoked. Results from 1D-NMR experiments indicated 
that additional information could be gleaned by multidimensional NMR analysis. 
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32. CHARACTERIZATION OF POLYANILINE/IONIC LIQUID COMPOSITES USING NUCLEAR 
MAGNETIC RESONANCE.  Somali Ghosh1, Matthew Espe1, Ian Norris2, Ben Mattes2;  1University of 
Akron, Knight Chemicals Laboratory, 190 E. Buchtel Commons, Akron, OH; 2Santa Fe Science and 
Technology Inc., Santa Fe, NM 

Polyaniline (PANI) is a member of the family of conducting organic polymers. PANI can be electrochemically 
cycled between its fully reduced (leucoemeraldine) and half-oxidized (emeraldine) forms. This property is exploited 
to use PANI in batteries, sensors, LEDs and actuators. These PANI based material can be patterned onto almost any 
substrate including flexible materials to make a range of electronic devices. These devices previously were limited 
because of their poor environmental stability, slow switching speed and short lifetimes during redox cycling which 
are partly due to the poor electrolyte system. Recently, the application of room temperature ionic liquids as the 
electrolyte has resulted in greatly enhanced performance of PANI based electrochemical devices (1).  Typical ionic 
liquids (IL) are composed of the 1-butyl-3-methyl imidazolium cation (BMIM+) with either tetrafluoroborate or 
hexafluorophosphate as the anion. Currently, there lacks a detailed molecular level characterization of the PANI/IL 
electrolyte system.  Solution and solid-state NMR are being used to address the location of the IL (surface vs 
intercalated), the PANI/IL interactions and the mobility of the IL when intercalated within the polymer matrix, to 
gain insights into the chemistry of these systems. The 13C and 31P NMR results show that the chemical and 
electronic structure of the polymer is not modified by the presence of the ionic liquid. Distinct spectra can also be 
obtained for IL on the surface of, and intercalated within, the PANI film. These studies also show that the mobility 
of the IL is reduced when in the polymer matrix.  1) Lu, W. et al., Science, 2002, 297, 983.  
  
33. DUAL-PHASE TRANSITION DYNAMICS IN A BINARY POLYMER BLEND.  Andrea Tuckett1, Kalle 

Levon1;  1Polymer Research Institute, Polytechnic University, 6 Metrotech Center, Brooklyn, NY 

The interplay of liquid-liquid phase separation and liquid-solid phase separation through spinodal decomposition 
and crystallization were studied by using the binary polymer mixture of poly(e-caprolactone) (PCL) and 
poly(styrene-co-hydroxystyrene) (PSH) containing 7 wt% of hydroxystyrene. For three different blend 
compositions, samples were annealed for various times starting with temperatures 15 degrees below through 15 
degrees above the lower critical solution temperature (LCST), in 5 degrees interval, then quenched to a single 
crystallization temperature. Phase-contrast and polarized microscopy were used to investigate the development of 
the emerging crystalline morphology and kinetics in competition with phase separation. At the blend composition of 
20/80 PSH/PCL, the sample underwent spinodal decomposition (SD) within 10 degrees above the LCST for various 
annealing times. The longer the SD time, the higher the rate of crystallization. Some unique morphologies such as 
dendritic formations were observed for the three blend compositions. Thus the effect of liquid-liquid phase 
separation on the succeeding crystalline morphology was elucidated. 
  
34. HOST RESPONSE TO XENOGENEIC SCAFFOLDS DERIVED FROM EXTRACELLULAR MATRIX:  

BIOCOMPATIBILITY?.  Stephen Badylak1;  1University of Pittsburgh, 100 Technology Drive, Suite 200, 
Pittsburgh, PA 
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The concept of biocompatibility for medical implants has changed significantly in the past four decades.  “Inert” 
materials such as silicone that remained effectively isolated from host tissues following in-vivo placement were once 
considered ideal.  The concepts of vascular ingrowth, host cell residence within biomaterials, and integration of 
biomaterials with surrounding tissue are now considered as desirable characteristics of biocompatibility.    Intact 
extracellular matrix (ECM) and components of ECM such as fibronectin, collagen type I, and hyaluronic acid have 
been used in various forms as medical implants or as coatings for medical implants.  We have used porcine derived 
(xenogeneic) ECM harvested from the small intestine, urinary bladder, and liver as a scaffold for tissue 
reconstruction in both preclinical animal studies and human patients.  These applications have included 
cardiovascular tissue reconstruction, treatment of full-thickness dermal wounds, lower urinary tract reconstruction, 
dura mater repair, body wall repair, and musculotendinous tissue reconstruction among others.  The host cellular 
response to these scaffolds is surprisingly uniform and predictable.  An acute infiltration of polymorphonuclear 
leukocytes, followed by sheets of mononuclear cells (of various phenotypes), deposition of host derived neomatrix, 
and organization of site-specific cells represents a typical pattern of tissue remodeling.  The xenogeneic bioscaffolds 
themselves begin immediate degradation following implantation and are completely removed from the site of 
implantation by 90 days post-surgery.  The host immune response to these porcine derived scaffolds has been 
partially characterized and consists of a T-helper 2 type response.  Examples of preclinical and clinical applications 
of these materials will be presented.  A pathogenesis of xenogeneic scaffold remodeling and a proposed mechanism 
for constructive remodeling of such scaffolds will be discussed.  
  
35. COVALENT CROSS-LINKING OF EXTRACELLULAR MATRIX MATERIALS FOR 

MUSCULOSKELETAL APPLICATIONS.  Janine Orban1;  1DePuy Orthopaedics, 1012 Country Club Lane, 
Warsaw, IN 

Laminate devices comprised of naturally derived extracellular matrices (ECM) have shown remarkable clinical 
efficacy for soft tissue repair, particularly in regions that provide tensile load. In order to utilize this extraordinary 
material for other applications, such as regions that are under compressive load, it could be modified to increase its 
initial compressive strength.  The ECM has been formulated into a foam structure by lyophilization processing, and 
subsequently strengthened by carbodiimide crosslinking.  The foams were characterized to confirm the extent of 
crosslinking, and mechanical testing was performed to assess the biomechanical potential of the crosslinked foams. 
Current in-vivo expectations for cartilage repair and regeneration will be discussed.  
  

 
36. SOFT TISSUE ENGINEERING WITH BIODEGRADABLE ELASTOMERS.  Jianjun Guan1, John Stankus2, 

Kazuro Fujimoto2, William Wagner2;  1University of Pittsburgh, 200 Technology Dr, PA; 2University of 
Pittsburgh, 200 Cellomics Building, Pittsburgh, PA 

Evidence suggests that the engineering of tissue for mechanically-demanding applications in the cardiovascular 
system will require mechanical conditioning of cell-scaffold constructs prior to their implantation. Scaffold 
properties amenable to such an application might include high elastance and strength coupled with controllable 
bioerosive and cell adhesive properties. To fulfill such design criteria we have synthesized a family of poly(ester-
urethane)ureas from biocompatible precursor molecules. To encourage cell adhesion and growth, the polymers have 
been surface modified with adhesion peptides and loaded with growth factors. Three-dimensional porous scaffolds 
have been created with solvent-based polymer processing and implanted to reconstruct the right ventricular outflow 
tract in rats. The scaffold was replaced in the 3 month implantation period with fibrous tissue and elicited minimal 
inflammation. This new class of bioerodible PEUUs holds promise for future application as a scaffold in 
cardiovascular tissue engineering and potentially in other soft tissue applications. 
  
37. BLOOD-CONTACTING MATERIALS IN CARDIAC ASSIST DEVICES: POLYURETHANE 

COPOLYMERS AND NANOCOMPOSITES.  James Runt1;  1Pennsylvania State University, 319 Steidle 
Building, University Park, PA 
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Segmented polyurethane block copolymers are used as the principle blood-contacting materials in the current 
generation of implantable cardiac assist devices. Although such materials have been under consideration for 
decades, there is insufficient understanding of nanoscale phase separation, and its influence on biomedical and other 
physical properties. Consequently, we have undertaken an investigation of well-defined series of diamine chain-
extended polyurethane copolymers focusing on: a) the investigation of the phase-separated morphology at the 
nanometer length scale using tapping mode AFM and b) quantifying mixing of unlike segments in soft and hard 
domains (using small-angle x-ray scattering). The relatively high permeability through polyurethane membranes can 
result in a significant loss of gas pressure in cardiac assist devices, leading to non-optimum performance. 
Polyurethane nanocomposites with organically-modified layered silicates are an efficient, non-chemical approach to 
resolving this problem. Water vapor permeability is reduced by ~5´ compared to the neat polyurethane for 
nanocomposites containing ~ 6 vol% silicate. As expected, the nanodispersed layered silicate stiffens the composite, 
but without sacrificing strength and ductility.  
  
38. [RU(NO)CL3(FERROZINE)]2- AS A POTENTIAL GP-120 VIRUS-CELL FUSION INHIBITOR (ANTI-

HIV-1 COMPLEX).  Rex Shepherd1;  1University of Pittsburgh, Chevron Science Center, Pittsburgh, PA 

Polyanions, particularly sulfonated aromatic anions, have affinities for the V-3 loop of the HIV-1 envelope protein, 
gp-120. These polyanions inhibit infection of HIV-1 by blocking of the virus-cell fusion steps, but lack the ability to 
form permanent bonds that make them irreversible inhibitors. Ferrozine, fz2- = 3-(2-pyridyl)-5,6-diphenyl-1,2,4-
triazine-p,p´-disulfonate), has the properties needed to provide affinity for gp-120 and to coordinate metals either 
with (pyridyl, N-4) or (pyridyl, N-2) chelation. Permanent HIV-1 cell-fusion inhibitors might be obtained by 
coordinating fz2- to a metal center capable of making additional covalent bonds to V-3 loop side chain 
functionalities. Ruthenium chloro nitrosyls are known to make attachments with proteins, usually by displacement 
of chloride ligands by amino acid donors. Several isomers o[Ru(NO)Cl3(ferrozine)]2- have been studied by NMR 
methods. Substitution of ferrozine, fz2-, upon fac-[Ru(NO)Cl3(H2O)2] proceeds in steps that have been identified 
as follows : (below 75 C) (1) formation of [Ru(NO)Cl3(H2O)(fz)]2- , coordinated only through the pyridyl donor of 
fz2- , (2) subsequent chelation as the fac-N-4 isomer, (3) a slower linkage isomerism to a fac-N-2 isomer, and 
(above ca. 90 C) (4) twist isomerism to a mer-N-4 isomer. 
  
39. DEVELOPMENT OF RUTHENIUM NITROSYL ANTICANCER AGENTS AND PRECURSORS.  

Barbara Serli1, Ennio Zangrando2, Leslie Yellowlees3, Enzo Alessio2, Carol Fortney4, Rex Shepherd4;  
1University of Trieste, Trieste, Italy, University of Pittsburgh, Pittsburgh, PA; 2University of Trieste, Trieste, 
Italy; 3University of Edinburgh, Edinburgh, UK; 4University of Pittsburgh, Pittsburgh, PA 

The structures of four and five O-bonded dmso complexes of the ruthenium nitrosyls, [Ru(NO)Cl(dmso-O)4](Otf)2 
and [Ru(NO)(dmso-O)5](Otf)3, which both display the trans-shortening effect for the dmso ligand trans to NO+ 
,will be discussed. These complexes are reducible electrochemically to the corresponding bound NO. complex that 
rapidly dissociates NO. . Since these complexes are water soluble, they may serve as medicinal NO carriers that are 
activated for NO release by a reductive pathway. Ruthenium nitrosyls containing the {RuII(NO+)}3+ chromophore, 
and surrounded by p-donating ligands to enhance the photolability of NO, are potential reagents for photodynamic 
therapy. Ru(NO)´s chelated with tetradentate ligands having amido, phenolato, and pyridyl donors that have been 
prepared from Ru(NO)Cl3(H2O)2 and [Ru(NO)(dmso-O)5](Otf)3 will be described. 
  
40. GREEN CHEMISTRY : METALLLO-CATALYSTS FOR THE UTILIZATION OF H2O2 AS A BIO-

SPHERE OXIDANT.  Colin Horwitz1, Terrance Collins1;  1Carnegie Mellon University, Pittsburgh, PA 
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The institute for Green Oxidant Chemistry (IGOC) at Carnegie_Mellon University has developed a family of 
homogeneous oxygen and hydrogen peroxide activators termed TAML activators (TetraAmido Macrocyclic 
Ligand). These Fe(III) based catalysts were developed to be stable to the harsh conditions that result from hydrogen 
peroxide. This was achieved by following a program based on the design and preparation of a new class of 
molecules in which the number of oxidizable sites was minimized. Asa result of this design strategy, TAML 
activators function in part per million concentrations in water to activate hydrogen peroxide to perform a broad array 
of oxidation reactions. Among the current research focuses in the IGOC for practical applications of TAML 
activators in water-based processes are the decolorization of textile dyeing mill effluents, decolorization of pulp mill 
effluents from Kraft pulp bleaching plants, destruction of chlorinated pollutants, oxidation of sulfur-containing 
species in petroleum products, decontamination of biological agents, and the destruction of pesticides. The iron-
TAML activators are also able to activate molecular oxygen to produce a novel Fe(IV)-m-oxo dimer. This 
compound also can catalytically oxidize a variety of organic substrates under aqueous and non-aqueous conditions. 
Results from some of these research areas as fundamental properties of the TAML activators will be presented. 
  
41. CHEMOSENSORS OF FE(III) AND ZN(II).  Christian Bruckner1, Nathaniel Hill1, Lili Yao13, Headly 

Freake1;  1University of Connecticut, Storres, Storres, CT  

A metal ion chemosensor comprises a metal ion recognition and signal transduction domain that is triggered upon 
metal binding. For instance, metal binding may cause fluorescence intensity modulation. A number of iron-specific 
fluorescent sensors are known. Generally, binding of the paramagnetic d5 FeIII ion results in a fluoresence 
quenching of the fluorophore. To achieve a higher sensitivity for the detection of iron, it is, however, more desirable 
to have a flouresence increase upon binding FeIII. We will present the rational development of the first example of 
such a sensor based upon a squarate-amide-N-hydroxylamide platform linked to a dimethoxycoumarin dye 
functionality (1). The closed d10 – metal is spectroscopically silent, complicating direct observation. We will report 
the synthesis and fluorophoric response profile of a cyclen-based molecular CHEF-type sensor having a 
diacetylcoumarin dye functionality (2) specific for ZnII. We will also present the preliminary in vivo evaluation of 
these sensors for the imaging of zinc in live cells.  
  

 
42. PHOTOINDUCED REACTIVITY OF BIMETALLIC AND MONONUCLEAR TRANSITION METAL 

COMPLEXES IN SOLUTION AND WITH BIOMOLECULES.  Claudia Turro1;  1Ohio State University, 
Columbus, OH 

The excited state properties, solution photochemistry, and DNA photocleavage of bridged Rh(II) bimetallic 
complexes have been investigated. The excited states and subsequent reactions that can be assessed in these 
bimetallic systems have been explored in DNA photocleavage, which could play a role as mew agents in 
photodynamic therapy. The excited states generated upon excitation with visible light possess lifetimes in the 
microsecond range. These bimetallic complexes exhibit rich photochemistry and photoinduced electron transfer in 
solution. In addition, the ligand-centered photophysical propertiess, DNA cleavage, and photoinduced cell damage 
by mononuclear quinone diimine complexes will be discussed. 
  
43. OXYGEN ACTIVATION : MOSSBAUER STUDIES OF MODEL COMPLEXES.  Eckard Munck1;  

1Carnegie Mellon University, Carnegie Mellon University, Pittsburgh, PA 
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Enzymes containing mononuclear or dinuclear non-heme iron sites function in many metabolic processes involving 
dioxygen. During the past year we have studied a variety of model complexes that mimic structural and/ or 
functional features of the active sites of proteins. Here we report on the structure and spectroscopic properties of two 
novel Fe(IV)-oxo complexes. Further efforts to model the structure of protein-bound diiron clusters have inspired 
the preparation of complexes with Fe(m-(OH)2Fe diamond cores. The bis hydroxo bridged mixed-valence complex 
[a-bpmcn)2FeIIFeIII(m-(OH)2](CF3SO3)3 (1), bpmcn = N,N´-dimethyl-N,N´-bis(2-pyridylmethyl)-trans-1,2-
diaminocyclohexane) yields Mossbauer spectra with interesting properties. Thus (1) is a valence-localized 
ferromagnet at low temperature with unusual relaxation properties of the S = 9/2 ground multiplet. Above 110K the 
complex undergoes valence delocalization by thermally assisted electron hopping. The work was performed in 
collaboration with the groups of L. Que, Jr., at the University of Minnesota, and T. J. Collins at Carnegie-Mellon 
University. 
  
44. MATRIX ASSISTED LASER DESORPTION MASS SPECTROMETRY WITHOUT TIME-OF-FLIGHT 

MASS ANALYZERS.  Brian Musselman1;  1SciMarket Strategies, Inc., 318 W. Emerson St., Melrose, MA 

Matrix Assisted Laser Desorption Time-of-Flight (MALDI-TOF) mass spectrometry has developed into one of the 
key tools for protein identification over the past decade.  The combination of laser-based ionization using a pulsing 
light source with time-of-flight instruments has provided users with excellent technology for measurement of 
accurate mass values, and more recently generation of high quality MS/MS data.  More recently the requirement of 
using TOF-based mass analyzers has been reduced with the introduction of MALDI sources that work at 
atmospheric pressure.  These sources enable conversion of electrospray-based mass spectrometers to MALDI 
systems in minutes.  AP/MALDI technology permits desorption of ions from typical matrices employed in the past.  
Moreover it provides the means to use more MS/MS friendly mass spectrometers such as those equipped with ion 
traps, ion cyclotron resonance and even triple quadrupole mass analyzers.  This presentation will detail recent 
experiments completed using these systems for more extensive analysis of typical MALDI friendly samples, as well 
as liquids previously not amenable to analysis using high vacuum MALDI-TOF systems.   
  
45. FROM 2D TO 3D TO 2D:   THE EVOLUTION OF THE PAUL TRAP.  Mark Bier1, Chunguang Yang2;  

1American Chemical Society, Carnegie Mellon University, Mellon Institute Building, Pittsburgh, PA; 
2Carnegie Mellon University, Mellon Institute Building, Pittsburgh, PA 

Since the invention of the linear quadrupole mass filter and the Paul ion trap mass spectrometer in the 1950´s, a 
number of advancements have taken place which have thrust the ion trap mass spectrometer from limited academic 
use in the 1970s to a popular high performance mass spectrometer by the year 2003. During this time the ion trap 
has been improved in sensitivity and mass resolution with advanced scan modes and it has been coupled to a 
multitude of ion sources including matrix-assisted laser desorption and electrospray ionization. We will look at the 
evolution of the Paul ion trap from the origins of the innovative 2D-quadrupole mass filter, to the 3D-quadrupole 
field ion trap, to the new highly sensitive 2D-quadrupole field ion traps. We will examine the methods of ion 
injection and ion ejection and the sensitivity improvements for the new 2D traps. The benefits of rapid scanning will 
be analyzed for the 3D Paul trap and extended to the 2D linear trap. The advantages and limitations of other future 
ion trap geometries will be discussed. The frontier of the Paul trap is still active and the next evolutionary step will 
surely be driven by the expanding research in proteomics. 
  
46. PREPARATIVE SEPARATION OF PROTEINS USING MASS SPECTROMETRY.  Zoltan Takats1, Z. 

Ouyang1, T. Blake1, J. Wiseman1, A. Guymon1, Robert Cooks1;  1Purdue University, WTHR, West Lafayette, 
IN 
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Virtually all methods for the separation of proteins rely on some form of chromatography. In order to present 
biological samples in amounts and in a format suitable for automated analysis, micro-drop and micro-spray methods 
are used to form arrays (“chips”). In this work, a new technique is introduced in which mass spectrometry is used for 
separation and ion soft landing. This provides a new method for the preparation of arrays of proteins and other 
biological compounds. Mixtures of proteins were introduced into a modified SSQ mass spectrometer and a modified 
LTQ mass spectrometer (ThermoFinnigan, San Jose, CA) using electrospray ionization (ESI). Intact multiply-
protonated proteins of particular charge states were separated by mass using the quadrupole mass analyzer or linear 
ion trap and gently landed onto a surface. As one demonstration of these new capabilities, an array of cytochrome c, 
lysozyme, and apomyoglobin was generated using this technique. It was shown that accumulated proteins could be 
recovered from the surface in substantial amounts and that the resulting ESI mass spectra were similar to the original 
spectra and independent of the charge state selected for landing. In other experiments the purity of each spot in the 
landed array was examined through direct mass analysis of the array using a MALDI mass spectrometer (Reflex III, 
Bruker). Biological activity of deposited materials was determined in a subsequent experiment by generating an 
array containing lysozyme and trypsin spots from a mixture and by testing their enzymatic activity after soft landing. 
Activity was found to be retained in the cases of both these proteins as established using hexa-N-acetyl chitohexaose 
in the case of lysozyme and the digestion of cytochrome c in the case of landed trypsin. Various surfaces including 
aluminum, gold and self-assembled monolayer (SAM) surfaces have been used as substrates for ion soft-landing. 
Preliminary estimates of deposition efficiency lead to an estimate of 50-80% landing efficiency for cytochrome C 
and apomyoglobin. Although the ionization of complex protein mixtures suffers from suppression effects, the mass 
spectrometric separation can be used for the separation mixtures containing structurally similar components since in 
these cases the suppression effects are minimized. An improved linear ion trap instrument optimized for this purpose 
is under construction and first results of its use are also presented. 
  
  

 
47. AUTOMATED MASS SPECTROMETRY CALIBRATION AND ANALYSIS FOR COMPLEX SOLUTION 

SYSTEMS: A PRELUDE TO ENABLING PROCESS CONTROL.  Howard Kingston1;  1Duquesne 
University, Mellon Hall, Pittsburgh, PA 

A new experimental method is described for on-line Isotope Dilution Mass Spectrometry (IDMS), Speciated Isotope 
Dilution Mass Spectrometry (SIDMS) and for Specieated Isotope Dilution Mass Spectrometric Calibration 
(SIDMSC).  These on-line methods have been developed to enable automated, timely, chemical species analyses 
during chemical processing and manufacturing.  A scaleable electrospray ion source produces species ions and a 
mass spectrometer capable of ppb-ppt detection enables quantitative and qualitative evaluation of elements, ligand, 
organic molecular and complex species.  The system implements a unique calibration methodology permitting 
automated, unattended operation of a mass spectrometer.  A small sample extract of a few milliliters is obtained 
from the analyte(s) containing solution as far away as 30 meters and transported to the integrated instrument under 
laminar flow in specific Teflon materials.  Sample preparation and equilibration is done in a semi on-line stop flow 
and incorporates stable enriched isotope reference solutions that are optimized based on IDMS precision defined 
ratios.  Data can be turned into computer actuated instructions or manual intervention.    One application and 
example of these technologies has been applied in the semiconductor industry in aqueous based processes that are an 
integral part of the computer chip manufacturing processes.  Control of these aqueous process steps are potentially 
needed during the fabrication of integrated circuits, as some wafers require as many as 60 aqueous solution 
processing steps.  If in any single step contamination or composition variability or problems occur the entire process 
could be compromised and the product destroyed or rendered unusable for its intended purpose.  Currently 
measurement practices evaluate some of these solutions only once in a 24 hour period.  Appling the concepts of on-
line sample preparation, Speciated Isotope Dilution Mass Spectrometric Calibration and automated mass 
spectrometer operation enable integrated metrology process control.   Species identification in process solutions 
provides new information about the chemical processes and mechanisms, offering unique characterization and 
control opportunities for the process monitored.  The information, transformed from automated data, in near real-
time, make possible chemical constituent control and demonstrates potential to improve process control in many 
industries.    
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48. ADVANCES IN ESI AND MALDI MS TECHNOLOGY FOR CHARACTERIZATION OF 
GLYCOPEPTIDES AND OTHER MODIFIED PEPTIDES AND PROTEINS.  Roy Martin1;  1American 
Chemical Society, Waters Corporation, Beverly, MA 

Defining post-translational modification of a protein is often key in understanding its structure and function. These 
modifications cannot be directly predicted from genomic information. Protein bound carbohydrate can play an 
important role in the structure and function of glycoproteins, affecting their stability and folding. It can also 
influence the pharmacokinetics and functional activity of a therapeutic protein.  Conversely, as glycosylation is the 
product of a complex series of modifications, malfunction in the cell can be reported changes in protein 
glycosylation.  The location of glycan is often as important as structural information.  Hybrid Quadrupole-Tof 
MS/MS (Q-Tof) instruments are capable of advanced scanning methods during LC/MS where characteristics of the 
compounds being eluted from a column are probed and immediately used to drive further analyses during an 
analysis.  Fragment information such as characteristic ions and neutral losses from posttranslational modifications of 
peptides are useful in indicating where on a chromatographic analysis modified peptides are eluting.  These ions are 
known for phosphorylation, glycosylation for example.  Here a method for detection, characterisation and location 
of glycosylation in a single HPLC–MS/MS experiment is described.    A recombinant E2/CD33 fusion protein was 
reduced with DTT and alkylated with IAA before digestion with TCPK treated trypsin (Sigma). Tryptic peptides 
were then separated using a C18 CapLC system and passed into a Micromass Q-Tof mass spectrometer run in 
precursor mode.  The instrument runs two MS surveys at different gas cell collision energies. The low energy survey 
(7eV) shows only the intact or parent ions. The high energy survey (35eV) shows the fragments of these ions.   
Upon detection of the carbohydrate oxonium ions at m/z 204 (HexNAc), 366 (HexHexNAc) and 274/292 (NeuAc) 
the instrument is switched into MS/MS mode and ions from the low energy spectra are selected by the quadrupole 
for fragmentation. The high mass of glycopeptides gives rise glycopeptide ions typically of 4 or more positive 
charges. The mass measurement of the parent ion is enhanced by the use of nano-lockspray. The glycosidic bonds 
tend to be more labile than the peptide bonds hence MS/MS spectra produce predominately glycopeptide Y-type 
fragment ions. Complex MS/MS spectra containing multiply charged ions are simplified by the use of MaxEnt3, and 
interpretated using Carbotools.  
  
49. PEPTIDE ACTIVATION AND SEQUENCING BY ION-SURFACE COLLISIONS IN TIME-OF-FLIGHT 

MASS SPECTROMETERS.  Facundo Fernandez1, Krishnamoorthy Kuppannan1, Chaminda Gamage1, Xi 
Yang1, Zhuhua Qi1, Vicki Wysocki1;  1University of Arizona, 1306 E. University Blvd., Box210041, Tucson, 
AZ 

We show that Surface-induced Dissociation implemented in different TOF spectrometers (sector-TOF, MALDI-
TOF, ESI-multipass-TOF) and different collision targets (one and two-component hydrocarbon and fluorocarbon 
self-assembled monolayers on Au) is a valuable tool for peptide sequencing.  We also propose the use of SID 
spectra in combination with a database query method (`Patchwork sequencing´) that makes full use of the high-
abundance low-mass fragment ion region typically observed in SID.  We have found that the use of sequence 
qualifiers extracted from SID spectral information enhances the confidence in the results of database searches of 
tryptic peptide sequences.  The higher mass accuracy of TOF compared to tandem quadrupole instruments plays a 
significant role in the proposed sequencing approach. 
  
  

 
50. TEACHING RESEARCH-ORIENTED WRITING SKILLS TO UPPER DIVISION CHEMISTRY MAJORS.  

Marin Robinson1, Fredricka Stoller1, James Jones1;  1Northern Arizona University, Box 5698, Flagstaff, AZ 
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With funding from the National Science Foundation (DUE 0230913), we are in the first year of a four-year project 
designed to promote research-inspired writing skills in upper-division chemistry majors.  The materials, designed to 
culminate in a textbook and companion websites, focus on three writing modules: a scientific paper, a research 
proposal, and a poster presentation.  In each module, students are taught to write for the appropriate audience 
through a series of reading, analyzing, and writing activities.  The materials target students from diverse 
backgrounds, including language minority students, and are written for chemistry instructors with minimal training 
in teaching writing.  Unique features of the materials include (a) the inclusion of “canned” research projects, making 
it possible for students without undergraduate research experience to complete data-driven papers; (b) the use of 
corpus linguistics, allowing for the development of instructional materials based on actual patterns of the language 
of chemistry; and (c) the accessibility of the materials to nonnative speakers.  Assessment, linked to student learning 
and instructor/user objectives, is an integral part of the project.  An overview of the course will be presented and 
samples of our materials will be shared. 
  
51. UNDERGRADUATE RESEARCH:  DEVELOPING CONNECTED, MOTIVATED, AND INSPIRED 

UNDERGRADUATE STUDENTS.  Nancy Levinger1;  1Colorado State University, Department of 
Chemistry, Fort Collins, CO 

Many students choose a college major based on an idea that it will lead them to employment or because the subject 
matter interests them.  For chemistry majors, completing course and teaching laboratory work can begin to allow 
students to learn about the field.  However, the benefits of undergraduate research can be monumental to help 
students learn if they really want a career as a chemist, to help students to determine what they like about chemistry 
and what kind of career suits them.  This presentation will discuss the benefits of undergraduate research for 
students, faculty and institutions alike. 
  
52. THE THIRD DIMENSION IN VISUALIZATION.  Kenneth Jordan1, Joseph Grabowski1;  1University of 

Pittsburgh, 219 Parkman Ave., Pittsburgh, PA 

Realizing the limitations of the conventional approaches to 3D conceptualization, a group of Chemistry faculty at 
the University of Pittsburgh has joined forces to design and implement a 3D stereo projection system in a lecture 
hall accommodating 125 students. The system was designed to work with existing software. The hardware consists 
of a PC with a graphics and supporting 3D stereo, a Cyviz converter box, and two projectors with cross polarized 
filters. This talk will discuss a variety of issues which arose in implementing the system and its subsequent use in 
instruction. 
  
53. PROTEIN STRUCTURE MODELING AND VISUALIZATION: A DISCOVERY PROCESS FOR 

UNDERGRADUATES.  Jonathan Southard1;  1Indiana University of Pennsylvania, Chemistry Department, 
975 Oakland Ave., Indiana, PA 

A learning module in `Structural Bioinformatics´ has been developed as part of a laboratory course for biochemistry 
majors. In this module, students gain experience in accessing complex linked databases, performing protein/nucleic 
acid sequence analysis, and generating and evaluating a theoretical model 3D structure for a macromolecule. 
Students are given a brief introduction to databases for biomedical research literature and for protein/nucleic acid 
sequence and 3D structure data as well as resources for 3D structure prediction and molecular visualization. Over 
the course of several weeks, with individual consultations as needed, each student chooses a protein/nucleic acid 
with known sequence but unknown 3D structure (the `target´) and generates a model structure based on one or more 
known structure with sequence similarity to the target. Students then use molecular visualization to compare overall 
and detailed features of the known and model structures. Ideally, they are able to make predictions regarding the 
functional properties of the target protein (or confirm previous studies of function) by comparison to the structural 
and functional properties of the protein with known 3D structure. Students describe their findings in short oral 
presentations to conclude the module. Although many students express considerable frustration in the early stages of 
the project, student feedback after the conclusion of the module has been overwhelmingly favorable. 
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54. PROTEIN IDENTIFICATION USING THE VIRTUAL MASS SPECTROMETRY LABORATORY.  Mark 
Bier1, Chungang Yang1, Lan Yan1, Joseph Grabowski2;  1Carnegie Mellon University, 4400 Fifth Ave, 
Pittsburgh, PA; 2University of Pittsburgh, 219 Parkman Avenue, Pittsburgh, PA 

The Virtual Mass Spectrometry Laboratory (VMSL) is an interactive, Internet educational tool that is being 
developed to teach mass spectrometry to undergraduate students.  The VMSL project addresses several major 
hurdles facing universities: the high cost of mass spectrometers, the difficulty in teaching “real-life” problem solving 
to a group of students and the shortage of mass spectrometrists. The VMSL allows schools that can not afford mass 
spectrometers, which can cost upwards of $1 million dollars, to add mass spectrometry (MS) experiments to their 
Chemistry, Biological Sciences, Chemical Engineering, Pharmacology and Physics programs.   The students can 
solve real problems from different disciplines with out actually going to a MS laboratory.  The software allows each 
student to operate several virtual mass spectrometers and to acquire real mass spectra that are delivered to the 
student´s computer rapidly as GIF files from the VMSL server.    We expect that hundreds of students will be able to 
operate their own virtual mass spectrometer simultaneously using the VMSL Internet program.  A student can solve 
several case studies such as identifying an unknown protein from an animal competing in an athletic event, 
determining a proper polymer formulation for a bicycle tire, determining whether a hair sample contains cocaine, or 
identifying what anesthetic was used during the Civil War.  The Protein Identification case study will be 
demonstrated starting from the analysis of the problem, to the protein digestion, to the acquisition of an optimized 
tryptic peptide mass spectrum and finally, to a protein match generated using a protein database search engine.   Our 
goal for this case study is to teach many students about protein identification using the powerful tool of mass 
spectrometry.     See http://sVMSL.chem.cmu.edu.  
  
55. IMPLICATIONS OF NANOSCALE COMPONENTS ON COMPUTING.  Seth Goldstein1;  1Carnegie 

Mellon University, 7122 Wean Hall, Pittsburgh, PA 

Future computing systems will inevitably be built using nanoelectronics, i.e., from devices and wires with feature 
sizes below thirty nanometers. The International Technology Roadmap for Semiconductors predicts that all relevant 
dimensions in silicon-based systems will all be below 40nm within the decade. There are also advances being made 
in building computing systems using new technologies, such as molecular electronics.   Successfully harnessing 
nanoelectronics requires a rethinking of the abstractions and models that are the basis of designing computing 
systems. While each technology has its own unique requirements, we show that new abstractions are necessary 
strictly because the feature sizes are nanoscale. 
  
56. CREATING NANOSTRUCTURES THROUGH SELF- AND DIRECTED ASSEMBLY.  Paul Weiss1;  

1Pennsylvania State University, Departments of Chemistry and Physics, 152 Davey Lab, University Park, PA 

We use intermolecular interactions and selective chemistry to direct molecules into desired positions to create 
nanostructures, to connect functional molecules to the outside world, and to serve as test structures for 
measurements of single or bundled molecules. Interactions within and between molecules can be measured, 
understood and exploited at unprecedented scales. We will first explore atomic-scale measurements of these 
interactions. These can be direct interactions or can be mediated by electronic perturbations of the substrate to which 
these molecules are attached. We will then look at how these interactions influence the chemistry, dynamics, 
structure, and other properties. Such interactions can be used to advantage to form precise molecular assemblies, 
nanostructures, and patterns. These nanostructures can be taken all the way down to atomic-scale precision or can be 
used at larger scales.   We control defect type and density in self-assembled monolayers in order to control access to 
the substrate of other molecules from solution or vapor, to control the mobility and stability within the film. We 
select molecules to choose the intermolecular interaction strength and the structures formed within the film. We also 
apply selective chemistry and self-assembly to form multilayers on patterns formed with conventional 
nanolithographic techniques to reach higher resolution, greater precision, and chemical versatility in nanostructures 
that we create. The key is to use precise, robust molecular layers in which the defects in the initial layer or layers are 
healed as additional layers are added. The thickness and thus the spacing of the resultant structures can be controlled 
down to 5 nm, with control to 1 nm or better by using a selected number of layers of precisely known thickness. We 
have demonstrated this approach with electron beam generated and photolithographic structures as well as those 
based entirely on self-assembly. We will discuss our approaches to pattern design and creation using these methods. 
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57. ATOMIC FORCE/SCANNING TUNNELING MICROSCOPY UNDER CONTROLLED CONDITIONS:.  
Daphna Yaniv1;  1Molecular Imaging, 4666 S. Ash Avenue, Tempe, AZ 

Many experiments benefit from STM/AFM imaging under controlled conditions: for biological applications imaging 
at 37 C is often crucial and controlled gas environments ( oxygen, carbon did oxide etc) is frequently required. 
Electrochemical measurements are carried out in solution , mostly at the absence of dissolved oxygen, polymer 
studies are affected by humidly and temperature: Examples will cover in-situ IMAGING of biological species 
ranging from cells to molecules, PROBING local properties such as elasticity, charge and conductivity stiffness, 
adhesion, and MANIPULATING structures such as pulling or moving bio molecules. In vitro imaging conditions 
that mimic in vivo conditions (solution, temperature and environment) will be discussed. The instrumental design 
considerations for a multi-user flexible system (both microscope and controller) capable of carrying the studies 
mentioned above will be outlined. By combing Electrochemical control with Scanning Probe Microscopy one can 
manipulate an electrode surface and study the changes at real time with resolutions ranging from atomic to micron 
scales. We will present EC-STM and EC-AFM studies in corrosion, battery, SAM, and bio electrochemistry. Adding 
environmental control to the electrochemical control allows for imaging with no dissolved oxygen or following 
surface changes while the sample is exposed to harsh gasses . All of the above investigations can be carried out at 
any controlled temperature between the freezing and the boiling points of the solvent used (in ambient the 
temperature can range between -40 CO to +250 CO). Experiments with MacMode (dynamic AFM designed for 
solution imaging) and acoustic mode under EC conditions will be presented. 
  
  

 
58. NANOSYSTEMS-ON-A-CHIP BASED ON SELF-ORGANIZED NANOSTRUCTURED WAFERS.  Hong 

Koo Kim1;  1Institute of NanoScience and Engineering, University of Pittsburgh, Pittsburgh, PA 

Self-assembly is considered a promising approach that may overcome the limitations of the conventional 
lithography.  Self-assembled nanostructures, however, usually show a limited domain size (typically micron or less), 
and achieving orders at all scales, i.e., from nano to chip/wafer scale, has remained as a major challenge.   In this 
presentation, I will talk about a new approach for forming single-domain, ordered nanopore arrays with controlled 
symmetry on macroscale area (chip or wafer scale) of foreign substrates.  The method involves holographic 
patterning of wafers in order to guide/direct the self-organization phenomenon.  This “directed self-assembly” offers 
a cost-effective (high-throughput and low-cost) alternative to the existing nanofabrication techniques, which mostly 
rely on the low-throughput serial patterning process.  The ordered nanpore arrays can be used as a host or template 
for a variety of nanodevices, such as separation and absorbent media, catalytic surface and supports, gas storage 
media for fuel cells and batteries, photonic crystals, etc.  When filled with functional materials (such as metal, 
semiconductor, magnetic, ferroelectric, optoelectronic, and bio/chemical materials), the pores can form ultra-high 
density arrays of of logic gates, memories, sensors and transducers.  Various phenomena are being studied involving 
the nanostructured materials as an interaction medium in the optical, electrical, chemical, and biological domains. I 
will talk about the prospects and challenges in developing nano-systems on a chip based on the ordered nanochannel 
arrays.     
  
59. ADVANCES IN CHEMICAL IMAGING: NANOESCA.  Jörg Westermann1, Georg Schäfer1, Dietmar 

Funnemann1, Fred Henn2;  1Omicron NanoTechnology GmbH, 1, Taunusstein, Germany; 2Omicron 
NanoTechnology GmbH, 1, Eden Prairie, MN 
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Electron spectroscopy has been a proven tool for scientific applications for decades. Challenging new applications 
are emerging from the fields of semiconductor and nanotechnology research and a key issue for these areas is the 
non-destructive imaging of sensitive structures with nanoscale dimensions. Characterization of their chemical 
composition and electrical properties goes hand in hand with this. We report on the development of a novel electron 
microscope for chemical imaging that meets these requirements, especially for lateral image resolution in the 
nanoscale range. We present a parallel imaging electron microscope with an integrated high-resolution energy filter 
for Imaging XPS. It consists of a Photo Emission Electron Microscope (PEEM) with a large angular acceptance and 
an aberration corrected energy filter. The microscope allows for imaging with chemical contrast (Imaging ESCA) by 
energy filtering of photoelectron images. Spatial resolution of the images is enhanced by reduction of chromatic 
aberrations. The analyzed energy of the photoelectron images ranges from threshold photoemission to 1600 eV. The 
instrument has been characterized with laboratory and synchrotron excitation sources. The spatial resolution limit 
measured so far in imaging ESCA mode is about 150 nm. The measured energy resolution follows the theoretical 
calculations, and is as good as known for a standard hemispherical analyzer. We show XPS spectra and energy 
filtered image series (video sequences) of: AlGaAs heterostructures, microstructured Au/Si and Ag/Ta samples. 
  
60. NANOSCALE DYNAMICS OF MOLECULAR SELF ASSEMBLY AT ELECTROCHEMICAL 

INTERFACES.  Eric Borguet1;  1University of Pittsburgh, Department of Chemistry and Surface Science 
Center, Pittsburgh, PA 

Self-assembly depends on a complex interplay of competing surface phenomena. At solid-liquid interfaces the 
solvent, absent under UHV conditions, plays a critical role. Under electrochemical conditions, adsorbate-substrate as 
well as solvent-substrate interactions can be modulated by the surface charge density. This raises the question as to 
whether one can tune these interactions to achieve optimum self-assembly via potential control under 
electrochemical conditions. Surface charge density affects both the structure of the double layer and the adsorbate-
substrate binding and diffusion energies. Our results reveal that modulation of surface charge density, and its effects 
on the double layer and the adsorbate, one can exert control over 2D self-assembly. Electrode potential control of 
molecule-substrate interactions provides an alternative, and possibly more convenient, method to drive self assembly 
than traditional thermal annealing or substrate chemical modification. 
  
61. THE ADSORPTION OF SMALL MOLECULES ON SINGLE-WALLED CARBON NANOTUBES.  Mark 

Ellison1, Ryan Spray1, Kaitlin Tate1;  1Wittenberg University, Department of Chemistry, Springfield, OH 

We have studied the interaction of gases, including ammonia and nitrogen dioxide, with carbon nanotubes using 
FTIR spectroscopy and Temperature Programmed Desorption.  The FTIR data suggest that the molecules adsorb in 
interstitial channels, in which they interact with multiple nanotubes.  TPD studies show that although ammonia and 
nitrogen dioxide have similar desorption temperatures, the nanotubes adsorb greater amounts of ammonia.  These 
results will be discussed in the context of recent theoretical studies. 
  
  

 
 Introduction 

 
 NATURAL PRODUCT SYNTHESIS THROUGH ALKYNYLIODONIUM SALTS.  Ken S. Feldman; The 

Pennsylvania State University, Department of Chemistry, University Park, PA  
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Alkynyliodonium salts function as potent yet selective electrophiles that furnish singlet alkylidenecarbenes upon 
combination with polarizable nucleophiles.  The alkylidenecarbenes so generated will participate in intramolecular 
insertion/addition reactions with appropriately positioned C-H bonds, heteroatom lone pairs, and alkenes.  The high-
ly energetic nature of these carbenes permits access to notably strained insertion/addition products. These species 
can, in turn, discharge this strain energy through rearrangement to afford a range of polycarbocyclic and heterocy-
clic products whose skeleta are cognate with a variety of natural product targets.  Recent progress in the develop-
ment of novel insertion/addition/rearrangement cascades initiated by these iodonium salts will be described.  Appli-
cation of some of these transformations to natural products synthesis is ongoing, and efforts directed toward the as-
sembly of the marine principles agelastatin A, and halichlorine, and the plant-derived alkaloid pareitropone, will be 
detailed. 

 
 DONOR/ACCEPTOR SUBSTITUTED CARBENOIDS AS VERSATILE INTERMEDIATES IN ORGANIC 

SYNHESIS.  Huw M. L. Davies, University of Buffalo, The State University of New York, Department of 
Chemistry, Buffalo, NY 

Recent studies have shown that rhodium-stabilized carbenoids substituted with both a donor and acceptor group are 
capable of highly selective transformations.  This presentation will describe the application of this chemistry to solid 
phase synthesis, cyclopropanation, [3 + 4] cycloaddition, [3 + 2] cycloaddition and asymmetric C–H activation. 

 
 Break 

 
 THE DE NOVO SYNTHESIS OF CARBOHYDRATE BASED NATURAL PRODUCTS BY MEANS OF 

ASYMMETRIC CATALYSIS.   George O’Doherty, West Virginia University, Department of Chemistry 

No abstract available. 

 
 BISMUTH-CATALYZED ETHERIFICATION REACTIONS FOR THE STEREOSELECTIVE 

CONSTRUCTION OF POLYCYCLIC ETHERS.  P. Andrew Evans, Department of Chemistry, Indiana 
University 

 
62. ORGANIC MOLECULES IN ELECTRONIC DEVICES.  Thomas Bjornholm1;  1University of Copenhagen, 

Universitetsparken 5, Copenhagen, Denmark 

Organic molecules are becoming increasingly important as the active component in electronic devices both in the 
form of low-tech high market volume applications (e.g. organic light emitting diodes) or as components in nanoscale 
devices based on a few single molecules. In both cases the ability to structurally organize and inter-connect the 
molecular constituents is a central issue which requires a successful combination of molecular self-organization and 
lithography.   The talk will highlight our recent results on single molecule single electron transistors (1), self-
assembly of gold nanoparticles into molecular electronic circuitry (2-3), structural nanoscale studies of self-
assembled biological relevant systems (4-5), self-organized electronic thin films (6), and the organic synthesis of 
thiol end-capped pi-systems (7).         Our most recent collaborative results on electrical transport at 4 Kelvin 
through a single oligo-para-phenylenevinylene molecule (OPV) placed in a gap of about 2 nm between source and 
drain electrode of a single electron transistor device (SET) will be given special emphasis (1). The molecules visits 
nine distinct redox states which are strongly influenced by image charges in the electrodes.      The OPV molecule 
has been synthesized by a new method developed in our laboratories (7) which allows thiol end-capping in a 
synthetically versatile way. Progress in fabrication of integrated nanoscale circuits by self-assembling gold 
nanoparticles and thiol end capped OPV's will also be presented (2-3).   References: [1] S. Kubatkin, T. Bjørnholm 
et al. Nature, accepted for publication (2003).  [2] T. Hassenkan, M. Brust, T. Bjørnholm et al. Adv. Mat. 14, 1126-
1130 (2002). [3] K. Nørgaard, M. Brust, T. Bjørnholm et al. Faraday Discussions 125, in press (2003). [4] T. R. 
Jensen, K. Kjær, T. Bjørnholm et al. Phys. Rev. Lett. 90, 086101 (2003); P. Ball, News & Views, Nature 423, 25-26 
(2003). [5] L. K. Nielsen, T. Bjørnholm, O.G. Mouritsen,  Nature 404, 352 (2000). [6] N. Reitzel, R. D. 
McCullough, T. Bjørnholm, et al. J. Am. Chem. Soc. 122, 5788-5800 (2000). [7] N. Stuhr-Hansen, T. Bjørnholm et 
al. J. Org. Chem. 68, 1275 (2003). 
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63. NOVEL CONDUCTIVE POLYMERS FOR ELECTRO-OPTIC APPLICATIONS AND PATTERNING VIA 
OXIDATIVE SOLID-STATE CROSSLINKING.  Gregory Sotzing1;  1University of Connecticut, 97 N. 
Eagleville Road, Storrs, CT 

There are several features of the fused heterocycle, thieno[3,4-b]thiophene (T34bT) that make it attractive for the 
preparation of conjugated polymers.  For example, from this monomer we have carried out aqueous polymerizations 
to make water dispersible low band gap conductive polymer.  These polymers remain stable in water over a six 
month period and exhibit band gaps of <1 eV making them very attractive for electro-optical applications.  
Copolymerizations of 3,4-ethylenedioxythiophene (EDOT) with T34bT allow for tuning of the band gap between 
0.85 eV and 1.6 eV.  Furthermore, these copolymers exhibit excellent stability to redox cycling through the n-doped 
state in that after 20 redox cycles there is no loss in electroactivity.  In a separate project, we have utilized precursor 
polymers consisting of heterocyclics to carry out solid-state oxidative polymerizations.  In all respects, the 
crosslinked conductive networks produced from this process behave like conductive polymer prepared using 
conventional electrochemical polymerization.  The advantages to this process are that the electrochemical 
polymerization is ~100% efficient, processing to produce films of ~1 nm surface roughness is easily accomplished 
using solutions of the polymer precursor, there is no nucleation and growth, and this chemistry can be utilized for 
the direct writing and patterning (stamping) of conductive polymers.  In proof-of-concept experiments we have 
already demonstrated direct writing of submicron width lines of conductive polymer via electrochemical atomic 
force microscopy (e-AFM) at writing speeds surpassing 10,000 nm/s.  
  

 
64. CONTROL OF NANOSCALE MORPHOLOGY IN NOVEL SP2 CARBON MATERIALS OBTAINED BY 

DIRECTED SELF-ASSEMBLY OF WELL-DEFINED BLOCK COPOLYMERS.  Tomasz Kowalewski1;  
1Carnegie Mellon University, Mellon Institute Building, 4400 Fifth Avenue, Pittsburgh, PA 

This presentation will describe the use of directed self-assembly to control the nanoscale morphology in two 
recently-developed classes of novel electrically active sp2 carbon materials:  1) block copolymers of regioregular 
poly(alkylthiophenes) and 2)  nanostructured carbons derived through pyrolysis of self-assembled block copolymer 
precursors containing polacrylonitrile.  AFM, TEM, electron- and x-ray diffraction results will be used to 
demonstrate the formation of various nanoscale morphologies depending on copolymer composition and applied 
external stimuli used to direct the self-assembly.  Proximal probe-based characterization of electrical properties of 
fabricated nanostructures and their potential applications will be also discussed. 
  
65. MORPHOLOGICAL EFFECTS ON THE ELECTRONIC AND OPTICAL PROPERTIES OF ORGANIC 

CONJUGATED POLYMERIC FIBERS AND FILMS FOR APPLICATIONS TO SMART FIBERS.  Richard 
Gregory1;  1Old Dominion University, College of Sciences, Norfolk, VA 

We will present an overview of the effect of micro-structure and developed morphology on the optical and 
electronic properties of electroactive polymers anticipated for use in all organic electronic and optical devices 
incorporated into or onto fibers and films.  These will include PANI (polyaniline) in the emeraldine base and 
leucoemeraldine base forms from which electroactive fibers have been made. The effect of electrical and optical 
property anisotrophy due to the underlying structure development on lasing action in all organic microring lasers 
developed from (dioctyloxy-polyparaphenylenevinylene ) will also be discussed.  Optical properties of new 
monomers developed in our laboratories for use in polymeric organic microring lasers having potential use in the 
development of optical logic circuit lasing devices will also be presented. 
  
66. HIGHLY CONDUCTIVE BLOCK COPOLYMER NANOWIRES, NANOCABLES, MEMS/FET SENSORS, 

AND OTHER COOL AND USEFUL STUFF.  Richard McCullough1;  1Carnegie Mellon University, 4400 
Fifth Avenue, Pittsburgh, PA 

Regioregular, head-to-tail coupled, alternating copolymers of thiophenes can drive a self-assembly in 
polythiophenes at the nanoscale through polymer phase-separation.  These new polymers have allowed us to create 
not only highly conductive polymers, but also conducting polymer nanowires. New methods to easily prepare end-
capped conducting polymers, new mechanistic discoveries, and developing new MEMS sensors will be discussed. 
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67. RECEPTOR-BASED TUMOR-TARGETEDVECTORS FOR DRUG AND GENE DELIVERY.  Robert 
Lee1;  1Ohio State University, Rm 542, LM Parks Hall, Columbus, OH 

Designing more effective gene transfer vectors remains a critical challenge in the application of gene therapy.  
Nonviral vectors hold promise as potential vehicles of parenteral therapeutic gene delivery that can be administered 
safely and repeatedly.  Earlier efforts on vector development have focused on empirical screening of cationic lipids 
that form electrostatic complexes to plasmid DNA, which bind to the cell membrane via electrostatic interactions.  
Delivery mechanisms based on non-specific electrostatic interactions are incompatible to in vivo gene delivery, for 
which the physicochemical properties of the vector must be optimized for stability and acceptable pharmacokinetic 
and tissue distribution properties.  Receptor-mediated targeting of tumor cells is an attractive approach to facilitate 
the selective delivery of genes.  We have evaluated a number of strategies aimed at improving the stability of non-
viral gene transfer vectors and producing vectors that lacks positive charge and that rely on receptor binding as a 
mechanism of target cell entry.  For example, vectors were stabilized by reversible disulfide crosslinking, which can 
potentially be reversed to promote gene transcription following cytoplasmic delivery due to the intracellular 
reducing environment.  In addition, novel endosomolytic lipid compositions were evaluated in transfection studies. 
Furthermore, folate or herceptin have been evaluated as targeting ligand to facilitate the selective transfection of 
receptor positive tumor cells.  Future work will be directed at characterizing the pharmacokinetic and tissue 
distribution properties of gene transfer vectors to further optimize their effectiveness as an in vivo gene delivery 
method. 
  
68. LISTERIOLYSIN O-CONTAINING VECTORS FOR EFFECTIVE CYTOSOLIC DELIVERY OF 

OLIGONUCLEOTIDES AND GENES.  Kyung-Dall Lee1;  1University of Michigan, Pharmacy, 2011 Pharm, 
Ann Arbor, MI 

Nucleic acid- or protein-based macromolecular drugs have emerged as powerful solutions to many of the problems 
in medicine. These therapeutic agents, such as antisense oligonucleotides and plasmid DNAs, possess enormous 
potential to complement or replace conventional pharmaceutical therapies based traditionally on small molecular 
weight drugs.  Cellular delivery to the appropriate target cells and subcellular delivery into the cytosolic space of 
cells, however, are the critical and rate-limiting steps for the therapeutic effectiveness of these new class of 
macromolecular drugs.  A novel targeted cytosolic delivery strategy has been developed utilizing the mechanism of 
a facultative intracellular bacterium, Listeria monocytogenes, to mediate escape from the endocytic compartment 
into the cytosol.  The endosomolytic Listeria hemolysin, listeriolysin O (LLO), is incorporated into liposomal or 
polymeric delivery platforms.  Delivery of antisense oligonucleotides, plasmid DNA and exogenous proteins using 
this non-viral, non-bacterial paradigm is demonstrated both in cell culture systems and in mice. 
  
69. NOVEL LIPIDIC VECTORS FOR TARGETED DELIVERY OF OLIGONUCLEOTIDES TO 

PULMONARY ENDOTHELIUM.  Song Li1, Annette Wilson1, Wen Zhou1, Steven Kennel2, Simon 
Watkins1, Leaf Huang1, Bruce Pitt1;  1University of Pittsburgh, 639 Salk Hall, 3501 Terrace Street, Pittsburgh, 
PA; 2Life Sciences Division 

Pulmonary endothelium plays an important role in the maintenance of normal pulmonary physiology and its 
dysfunction is involved in a number of pulmonary diseases. Correction of endothelial dysfunction via antisense 
oligodeoxyonucleotides (ODN) is dependent on the development of a delivery vehicle that can efficiently deliver the 
ODN to pulmonary endothelium with minimal toxicity. To this end, we have developed a novel lipidic vector that is 
highly efficient in targeted delivery of ODN to pulmonary endothelium. This is based on a method that utilizes an 
ionizable aminolipid (1,2-dioleoyl-3-dimethylammonium propane, DODAP) and an ethanol-containing buffer 
system for encapsulating large quantities of polyanionic ODN in lipid vesicles. An endothelium-specific antibody 
(34A) is incorporated into the lipid vesicles via a distearoylphosphatidylethanolamine-poly(ethylene glycol) (DSPE-
PEG) spacer.  These vesicles are around 100-200 nm in diameter with an ODN entrapment efficiency of 60-80%. 
34A antibody mediated efficient delivery of ODN to mouse lung endothelial cells in vitro and in intact mice. 
Furthermore, this formulation is associated with minimal proinflammatory cytokine response and other 
hematological toxicities. These results provide a basis for lipid-mediated delivery of ODN for the treatment of 
pulmonary diseases. They also suggest the utility of this approach as a research tool to characterize the function of 
genes in the pulmonary endothelium. Supported by NIH and AHA   
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70. RECOMBINANT POLYMERS FOR GENE DELIVERY.  Hamid Ghandehari1, Zaki Megeed1, Mohamed 

Haider1, Daqing Li2, Bert O'Malley, Jr.2, Joseph Cappello3;  1University of Maryland at Baltimore, 20 North 
Penn Street, HSFII-625, Baltimore, MD; 2University of Maryland at Baltimore; 3Protein Polymer 
Technologies, San Diego, CA 

Control over structure at the molecular level and the diversity of motifs present in nature that can be biosynthetically 
combined to produce new polymers, have created interest in the genetic engineering of biomaterials for a variety of 
biomedical applications (1).  Using genetic engineering techniques it is possible to tailor-make polymers for specific 
gene delivery needs (2). One class of recombinant polymers is the family of silk-elastinlike protein polymers 
(SELPs). Recent research in our laboratories has focused on the evaluation of hydrogel-forming SELPs for 
controlled gene delivery (3,4). So far the following have been evaluated: i) the influences of hydrogel geometry and 
DNA concentration, molecular weight, and conformation on DNA release from the hydrogels, ii) the in vitro 
bioactivity and transfection efficiency of encapsulated DNA over time, iii) the in vivo delivery and transfection of a 
reporter gene (pRL-CMV) in a murine model of human breast cancer, and iv) the in vitro release and bioactivity of 
adenovirus containing the green fluorescent protein (AdGFP) gene as a marker of gene transfer. Plasmid DNA was 
released from SELP hydrogels in a size-dependent manner. Plasmid conformation influenced the rate of release, 
with the rank order linear > supercoiled > open-circular. DNA retained bioactivity for at least 28 days after 
encapsulation in the hydrogels. Compared to unencapsulated DNA, delivery of pRL-CMV from a SELP hydrogel 
resulted in increased transfection in a murine model of human breast cancer. The release of AdGFP was related to 
the concentration of the polymer in the hydrogel. These studies indicate that SELP hydrogels have potential as 
matrices for controlled nonviral and viral gene delivery.   Acknowledgement: Financial support from DOD 
(DAMD17-03-0237) (HG), NIH/NIDCR (R01 DE014562-01A1) (BWO), National Cancer Center Predoctoral 
Fellowship (ZM), and Predoctoral Fellowship from the Egyptian Ministry of Higher Education (MH) is appreciated.   
References: 1) Cappello, J. and Ghandehari, H. (eds.), Adv Drug Deliv Rev, 54 (2002) 1053-1159. 2) Megeed, Z. 
and Ghandehari, H., in Polymeric Gene Delivery: Principles and Applications, Amiji, M. (ed.), CRC Press, 
submitted. 3) Megeed, Z. et al., Pharm Res, 19: 954-959 (2002).  4) Megeed, Z. et al., J Control Rel, submitted.  
  
71. NOVEL PROTEIN TRANSDUCTION DOMAINS FOR DRUG AND GENE DELIVERY.  Paul Robbins1;  

1University of Pittsburgh, O'hara & Desoto Streets, Pittsburgh, PA 

Protein transduction domains (PTDs), both naturally occurring and synthetic, have been increasingly employed to 
deliver biologically active agents to a variety of cell types in vitro and in vivo. In addition to the previously 
characterized arginine-rich PTDs, including TAT, Antp and PTD-5, we have demonstrated that lysine and ornothine 
homopolymers are able to mediate transduction of a wide variety of cell types, as measured by flow cytometric and 
enzymatic assays. However, the cell type also influenced the efficiency of PTD-mediated transduction. Transduction 
by the arginine/lysine-rich PTDs occurred at 4°C and following depletion of cellular ATP pools. Although 
transduction is reduced in CHO mutant lines deficient in either heparan sulfate (HS) or glycosaminoglycan (GAG) 
synthesis, uptake can be restored by incubating target cells with dextran sulfate. In addition, we have demonstrated 
that histidine homopolymers are able to function as pH sensitive transduction domains. An update regarding the 
characterization and optimization of the arginine/lysine/ornothine rich transduction peptides will be presented. We 
also have developed a peptide phage display library screening method for novel transduction peptides able to 
facilitate tissue specific internalization of marker protein complexes. Using this approach, we have identified 
transduction peptides able to facilitate internalization into prostate tumors, airway epithelia and synovial fibroblasts 
in culture and in vivo. The application of the tissue specific and general transduction peptides to the treatment of 
animal models of disease including cancer will be presented. In addition, approaches for using PTDs for gene 
therapy applications will be discussed. 
  
72. LPD NANOPARTICLES AS A NOVEL DELIVERY VECTOR FOR PEPTIDE VACCINE.  Leaf Huang1;  

1University of Pittsburgh, 633 Salk Hall, Pittsburgh, PA 
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Liposome-polycation-DNA (LPD) complex is a self-assembled nanoparticle formulation for gene delivery. 
Although very efficient in transfecting lung endothelial cells upon intravenous injection, it also induces a systematic 
inflammatory response in the host. LPD is actively taken up by phagocytic cells, such as macrophage and dendritic 
cells in the spleen and lymphnode. Flow cytometry studies indicate that dendritic cells are activated by LPD. We 
have thus taken advantage of such dendri-trophic property of LPD and designed it to become a vaccine carrier. To 
test this hypothesis, we have included a CTL-epitope peptide from the HPV-E7 protein, which is expressed in most 
of the human cervical cancer cells, in the LPD formulation. LPD/E7 induced a strong CTL response in C57/BL mice 
against cells expressing E7. Mice immunized with LPD/E7 were completely protected against subsequent challenge 
of TC-1 tumor cells which were transformed with HPV-DNA. Tumor bearing mice, when injected with LPD/E7, 
showed complete tumor regression in all treated mice. The cured mice exhibited strong E7- specific CTL response 
and were resistant to subsequent challenge of fresh TC-1 cells. These results indicate that LPD nanoparticles are 
potent dendritic cell activator and might be an excellent carrier for peptide vaccines for both prophylactic and 
therapeutic treatment of cervical cancer. Work supported by NIH grant CA74918.  
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ABSTRACTS 
   

73. GAS DESORPTION FROM SINGLE-WALLED CARBON NANOTUBES USING TPD.  Ryan Spray1, 
Kaitlin Tate1, Mark Ellison1;  1Wittenberg University, Department of Chemistry, Springfield, OH 

Previous research has shown that single-walled carbon nanotubes bond to NH3 and NO2 gases. There is a need for 
testing with other gases in order to determine their affinity for SWNTs. Our research involves analyzing the partial 
pressures of gases emitted from SWNTs after exposure with several gases, including NH3, NO2, H2O and aniline 
using mass spectrometry. The SWNTs were pressed on a screen and kept under vacuum, where they were exposed 
to the gases for various times. A mass spectrometer was used to detect the desorbing gases. Our results suggest that 
the gasses are absorbing not only on the sample surface, but throughout the bundles of nanotubes. The results have 
indicated that the affinity is strong between the SWNTs and the gases, as high temperatures were need for the gases 
to be desorbed from the sample. 
  
74. INFRARED STUDIES OF NH3 AND NO2 INTERACTIONS WITH SINGLE-WALLED CARBON 

NANOTUBES.  Kaitlin Tate1, Ryan Spray1, Mark Ellison1;  1Wittenberg University, Department of 
Chemistry, Springfield, OH 

The properties of single-walled nanotubes (SWNTs) have given great areas of research since their discovery. Their 
change in conductivity when exposed to various gases created a focus for our group as we investigated the nature of 
the interaction between SWNTs and two gases: NH3 and NO2. Infrared spectroscopy was used to identify 
vibrational shifts in the absorbed phase relative to the gas phase. Our results for NH3 suggest that ammonia interacts 
with multiple nanotubes via both the lone pair and the hydrogens. The FTIR spectra for NO2 adsorbed on SWNTs 
indicate several possible ways of gas-SWNT interaction, which will be discussed. This work will help to develop a 
model for similar nanotube interactions. 
  
75. CN-C6X4-NC AND M(AR2PCH2CH2PAR2)2(CN-C6X4-NC)2 AS A BUILDING BLOCKS OF BI- AND 

TRI-METALLIC MODEL ORGANOMETALLIC NANOMATERIALS.  Evelyn Lazich1, Steven DiMuzio1, 
Matthias Zeller1, Allen Hunter1;  1Youngstown State University, YSU Chemistry Department, 1 University 
Plaza, Youngstown, OH 

There is substantial interest in new materials exhibiting one, two, and three dimensional structures that are patterned 
on the nanoscale. This is especially true where these structures, and hence the material´s properties, are amenable to 
systematic variation. While such “rational” design approaches often appear both elegant and strait forward on paper, 
they are much more difficult to execute in practice. Indeed, skilful experimental design, careful attention to 
experimental details, persistence (often over many person years), and some measure of luck are all typically required 
for the success of even the most rational of such approaches in the real world. We are interested in organometallic 
nanomaterials in which the adjacent metal centers are connected by organic ligands that can act as electronic 
bridges. We have recently begun work on the synthesis of novel linear and star shaped organometallic nanomaterials 
having bifunctional isonitriles bridging between adjacent metal phosphine centers. Our recent progress in this area 
will be reported, with an emphasis on the synthesis of the oligomeric building blocks required to prepare such 
species and on the structure-property relationships of the resultant materials. 
  
76. 0TH AND 1ST GENERATION ORGANOMETALLIC NANOSTARS FROM FERROCENYL AMINE.  

Perrine Cynthia1, Matthias Zeller1, Allen Hunter1, John Woolcock2;  1Youngstown State University, YSU 
Chemistry Department, 1 University Plaza, Youngstown, OH; 2Indiana University of Pennsylvania, Indiana, 
PA 
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Covalently bonded organometallic oligomers and stars have been designed to have rigid and thermally and 
chemically stable organometallic repeating units such as [trans-Mo(Ph2PCH2CH2Ph2)2(-CN-1,4-C6H4-NC)].  In 
the first step, the chemical and electronic properties of model compounds with only one or a few metal centers are 
being investigated.  Putting electrochemical “sensors” e.g. ferrocenyl isocyanide at one or two sides of the rod-
shaped complexes or at the end of the star arms, will give information pertaining to the electronic communication 
via the metal centers.  Aminoferrocene is the essential starting material for the synthesis of ferrocenyl isocyanide.  
The main drawback for the synthesis of aminoferrocene is its multistage preparation.  It has been found that the 
conventional methods of electrophilic substitution, which were appropriate for benzene analogues, resulted in the 
oxidation of the ferrocene to the ferrocenium cation.  A procedure using ferrocenylphthalimide as the precursor 
proved to be most successful.  Bromo- or iodoferrocene are prepared as a precursor of N-ferrocenylphthalimide.  
The amine is then liberated using the Gabriel method.  This material was then reacted with diphosgene to give 
ferrocenylisonitrile.  This material was then used to prepare a series of linear oligomers and star shaped 
nanomaterials and their properties will be compared to those of more conventional terminal aromatic isonitriles. 
  
77. LIGAND DESIGN FOR NLO ACTIVE ORGANOMETALLIC NANOWIRES.  James Updegraff1, Nathan 

Takas1, Robert Wilcox1, Matthias Zeller1, Allen Hunter1;  1Youngstown State University, YSU Chemistry 
Department, 1 University Plaza, Youngstown, OH 

Both organic and inorganic non-linear optical, NLO, materials are currently the subject of intensive investigation 
because of their potential utility in practical applications.  Our research group is interested in organometallic 
materials for such applications, especially materials having bifunctional isonitriles bridging between adjacent metal 
phosphine centers.  Frontier molecular orbital arguments suggest that the NLO properties of these materials will be 
increased with the electron donating character of the phosphine and the electron withdrawing character of the 
isonitrile substituents.  Similarly, the processability of the resultant materials will be directly related to the 
solubilities and melting points of these materials.  Again, these will be related to the identity and number of the 
ligand substituents.  We are interested in isonitrile bridged nanomaterials having metal phosphine centers.  In this 
context, we have spent considerable effort in choosing the phosphine and isonitrile ligand substituents.    The results 
of our ligand syntheses will be presented as will the effects of their substituents on the electronic and solubility 
properties of the resultant complexes. 
  
78. SPECTROSCOPIC, ELECTROCHEMICAL, AND COMPUTATIONAL STUDIES OF MODEL 

ORGANOMETALLIC NANOMATERIALS.  John Payton1, Allen Hunter1;  1Youngstown State University, 
YSU Chemistry Department, 1 University Plaza, Youngstown, OH 

Over the past few years, there has been heightened in interest in nanomaterials because of their possible uses in 
applications as diverse as molecular circuitry and encapsulated drug delivery. Some current nanoscale systems have 
shown interesting electronic and nonlinear optical characteristics.  Our research group is interested in organometallic 
nanomaterials having conjugated organic groups bridging between adjacent metal centers, including arene and 
isonitrile bridged metal carbonyls and phosphines.  To evaluate and optimize electronic and NLO properties of these 
systems, a detailed understanding of their bonding is needed.  Spectroscopic and electrochemical studies of these 
systems give structure-property relationships that are generally in qualitative agreement with the predictions of 
Frontier Molecular Orbital Theory.  However, many anomalies remain and no quantitative predictions are possible.  
To this end, we have recently begun to carry out computational studies of our bi- and polymetallic systems using 
various ab initio, density functional, semiempirical, and molecular mechanics approaches.  The early results of these 
studies, particularly their correlations with the appropriate empirical data, will be presented. 
  
79. APERTURELESS SCANNING IR NEAR FIELD MICROSCOPY OF POLYMERS.  Slava Romanov1, Min 

Sun Kim1, Larissa Stebounova1, Boris Akhremitchev2, Gilbert Walker1;  1University of Pittsburgh, CSC G-18, 
219 Parkman Ave., Pittsburgh, PA; 2Duke University, P.M. Gross Chemical Laboratory, Box 90346, Durham, 
NC 
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Apertureless Scanning IR Near Field Microscopy has been developed for nanoscale chemical imaging. The target is 
to identify the structure of biological objects such as proteins. The apparatus is based on an AFM microscope, a 
source of coherent IR radiation, an optical bench for alignment and focusing of the laser beams at the cantilever tip 
and collecting the scattered light, an IR detector, and some electronic equipment for detection of the non-linear 
effects of the tip interaction with evanescent IR fields. Optional homodyne detection is used to increase the signal to 
noise ratio. To obtain a signal contrast, a CO laser is tuned to the wavelengths that are characteristic of the stretching 
vibrations in organic molecules. 
  
80. CARBON NANOPARTICLES PREPARED BY PYROLYSIS OF SHELL CROSS-LINKED KNEDELS 

(SCK) CONTAINING POLYACRYLONITRILE CORES.  Chuanbing Tang1, Kai Qi2, Karen Wooley2, 
Krzysztof Matyjaszewski1, Tomasz Kowalewski1;  1Carnegie Mellon University, 4400 Fifth Avenue, BOX 
159, Pittsburgh, PA; 2Washington University in Saint Louis, One Brookings Drive, Saint Louis, MO 

A novel route was developed to prepare carbon nanospheres, based on pyrolysis of shell cross-linked knedels (SCK) 
prepared by organizing amphiphilic linear diblock copolymers into micellar assemblies, followed by crosslinking 
the hydrophilic peripheral layer. The amphiphilic diblock copolymers composed of a hydrophobic polyacrylonitrile 
block connected to a hydrophilic polyacrylic acid were obtained by hydrolysis of t-butyl acrylate groups in poly(t-
butyl acrylate)-b-polyacrylonitrile block copolymers prepared by atom transfer radical polymerization (ATRP).  
Atomic force microscopy (AFM) revealed that SCK particles were stable enough to be subjected to pyrolysis in 
which polyacrylonitrile cores were converted into carbon nanoparticles.  Size distributions of SCK precursors were 
determined by dynamic light scattering (DLS), whereas resulting carbon nanoparticles were characterized through 
height histograms of AFM images. Raman and infrared spectroscopy both provided evidence for the formation of 
graphitic structures in resulting carbon materials. 
  
81. MODEL FOR LIGHT SCATTERING IN APERTURELESS NEAR-FIELD MICROSCOPY.  Min Sun 

Kim1, Slava Romanov1, Larissa Stebunova1, Boris Akhremitchev2, Gilbert Walker1;  1University of 
Pittsburgh, 219 Parkman Ave., Chevron Science Center G12, Pittsburgh, PA; 2Duke University, P.M. Gross 
Chemical Laboratory, Box 90346, Durham, NC 

The mechanism of light scattering by an apertureless scanning near-field infrared microscopy is discussed. Light 
scattering can be modelled as resulting from the coupling of a light induced dipole in the microscope tip and the 
sample below it. Tip-surface distance dependent experimental data and simulations of them using the above model 
will be presented. 
  
82. BOTH CATIONIC LIPOSOME AND PLASMID DNA ARE REQUIRED FOR THE STRONG ADJUVANT 

ACTIVITY FROM LPD PARTICLES.  Zhengrong Cui1, Su-Ji Han1, Leaf Huang1;  1University of 
Pittsburgh, Center for Pharmacogenetics, Pittsburgh, PA 

To enhance the immunity from peptide-based vaccines, novel and improved vaccine delivery systems and/or 
adjuvants are actively sought. Previously, we reported that strong anti-tumor immunity was generated when a 
peptide antigen was incorporated into LPD (DOTAP liposome-protamine-pDNA) particles. In the present studies, 
experiments were carried out to investigate which part(s) of the LPD is responsible for its strong adjuvanticity. LPD 
was separated into the following formulations: liposome, protamine, pDNA, liposome with protamine, and liposome 
with pDNA. Also, liposome and protamine in the LPD were replaced with other cationic liposomes and 
polypeptides, respectively. Both in-vitro and in-vivo performances of these formulations were studied and compared 
to that of LPD. In in-vitro studies, the expression of co-stimulatory molecules CD80/86 on and the release of TNF-
alpha from DC2.4 cells were measured after the cells were stimulated with these formulations. For in-vivo studies, a 
model MHC class I-restricted peptide antigen from HPV16 E7 protein and an E7-expressing TC-1 cell induced 
subcutaneous cervical cancer model were used. The therapeutic effects of those formulations incorporated with E7 
peptide were investigated in tumor-bearing mice. All studies showed that both DOTAP liposome and pDNA are 
required for the full adjuvanticity of LPD. Protamine alone is inactive, can be replaced with other polypeptides, but 
must be present as a structural component for LPD for effective vaccination. Cationic liposomes comprised of 
different lipids performed differently. Finally, popliteal lymphocyte uptake studies showed that the adjuvanticity of 
LPD is probably due to its unique physical properties and strong antigen-presenting cell activation ability. 
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83. CONDUCTIVITY MEASUREMENTS OF SINGLE CONJUGATED MOLECULES AND THEIR 
AGGREGATES.  Alexei Tivanski1, Haiying Liu2, Yufan He1, David Waldeck1, Gilbert Walker1;  1University 
of Pittsburgh, Chemistry Department, G-12 Chevron Science Center, Pittsburgh, PA; 2Michigan Technological 
University, Department of Chemistry, Houghton, MI 

This work uses conductive probe atomic force microscopy (CP-AFM) to investigate the molecular conductivities of 
gold-molecule-gold junctions. The importance of the gold-molecule contacts is demonstrated by comparing the 
molecular conductivities of two molecules, one with a single thiol linker and another with a double thiol linker. The 
results for the conductivity measurements show the efficiency of charge transfer through a metal-molecule-metal 
junction with thiol linking units between the metal and the molecule can be significantly improved by the use of a 
conjugated double thiol linker.     The current-voltage characteristics of gold grafted polythiophene monolayers at 
different constant interaction forces between the conductive probe and the polythiophene monolayers were also 
measured. On the basis of the adhesion force versus applied bias dependence and current-voltage characteristics, we 
conclude that characterization of electrical properties of conjugated molecules using CP-AFM requires taking into 
account an offset in the interaction force determined by the adhesion force. The results for the adhesion force 
measurements as a function of applied bias show the oxidation state change of the polythiophene layer under the 
negatively charged tip. 
  
84. IMPROVEMENT OF TAPPING MODE AFM IMAGING STABILITY BY OPERATION FAR BELOW 

RESONANCE FREQUENCY OF A CANTILEVER.  Justin Legleiter1, Tomasz Kowalewski1;  1Carnegie 
Mellon University, 4400 Fifth Ave, Pittsburgh, PA 

In tapping mode AFM, a cantilever is driven near its resonance frequency and intermittently strikes the sample while 
raster scanned across a surface. The oscillation amplitude is monitored via a feedback loop to extract topographical 
information of surfaces at the nanoscale. This presentation deals with major factors limiting scanning speed: 1) the 
slow transient response of the cantilever, and 2) instabilities associated with systems with high quality factors (Q). 
Due to the slow transient response, the AFM has difficulty in instantly responding to steps along the surface, 
resulting in the need for slower scan rates. By driving the cantilever well below its resonance frequency, stability of 
the system is greatly improved, resulting in better feature tracking and the ability to scan at faster speeds. The 
physics behind this improvement is analogous to the physics behind active Q-control; however, imaging far below 
resonance does not require any instrument modifications, making it an inexpensive alternative to Q-control. 
  
85. FABRICATION AND CHARACTERIZATION OF PHOTOPOLYMERIZED POLYACRYLONITRILE-

VYCOR NANOCOMPOSITES.  Paul Giunta1, A. Stiegman1;  1Florida State University, Department of 
Chemistry & Biochemistry, Tallahassee, FL 

Nanocomposites of polyacrylonitrile in a porous silica matrix (Vycor) were generated by the photopolymerization of 
acrylonitrile inside the nanopores of the matrix.  The amount of polymer incorporated could be controlled by 
photoinititator concentration and by the irradiation time.  Studies of the changes in pore volume and surface area of 
the matrix as a function of polymer loading lead to a model for pore filling in which the polymer forms plugs across 
the diameter of the pore leaving closed void areas behind.  The microenvironment of the polymer phase as related to 
the model for pore filling is investigated using fluorescent probe molecules.  Finally, the crystallinity of the 
nanophase polyacrylonitrile is also reported. 
  
86. CHARACTERIZATION OF POLYMERIZED ROD-LIKE SURFACTANT MICELLES.  Michael Gerber1, 

Lynn Walker1;  1Carnegie Mellon University, 5000 Forbes Ave., Department of Chemical Engineering, 
Pittsburgh, PA 
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The polymerization of elongated micellar structures offers a novel approach to the production of water soluble 
nanorods.  A cationic surfactant with a vinyl containing counterion, cetyltrimethylammonium 4-vinylbenzoate 
(CTVB), has been synthesized and polymerized to produce rigid, high aspect ratio nanoparticles.  The free radical 
polymerization is carried out using a variety of initiator concentrations to elucidate the reaction mechanism and to 
control the final aggregate length.  Static light scattering is used to measure the aggregate lengths (~100-200 nm) 
and aggregate molecular weights.  Both of these values increase linearly with decreasing initiator concentration.  
Small angle neutron scattering (SANS) shows that the aggregates contain large regions of rigidity and, at dilute 
concentrations, are described well as rigid rods of diameter 4 nm.  SANS data from more concentrated solutions 
show effective structure factor effects consistent with excluded volume interactions.  These interactions increase 
with decreasing aggregate length, i.e. with increasing particle number density.  NMR spectra show that after 
polymerization, the polymer is completely immobilized within the aggregate.  The polyvinylbenzoate polymer is 
stripped from the aggregates and analyzed using NMR to confirm the composition and to show that the initiator is 
the polymer end group.  The CTVB reaction offers a controllable, reproducible method for producing rigid nanorods 
which retain their solublizing properties. 
  
87. TCE DECHLORINATION BY IRON NANOPARTICLES: EFFECT OF THE SURFACE OXIDE LAYER 

GROWTH ON THE TCE DECHLORINATION RATE.  Yueqiang Liu1, Gregory Lowry1;  1Carnegie Mellon 
University, PH 207C, Pittsburgh, PA 

Nanotechnology offers a host of novel in situ subsurface remediation options.  For example, Fe0 nanoparticles have 
been shown to effectively transform TCE into nontoxic compounds in groundwater. This is a recent application of 
nanotechnology and little is known about the optimizing the properties of nanoscale Fe0 particles for in situ 
groundwater remediation.  This study compares the TCE transformation rate afforded by two types of Fe0 
nanoparticles; pure Fe0 (Toda America, Inc.) and Boron-doped Fe0 particles (Fe0/B) synthesized in our laboratory.  
The effect of the phase and the thickness of the oxide layer formed on the particle surfaces on the observed TCE 
dechlorination rates are determined. Under identical reaction conditions, pure Fe0 nanoparticles (kobs=0.013 Lg-1d-
1) have ~2 orders of magnitude lower reactivity than boron-doped (Fe0/B) particles (kobs=1.3 Lg-1d-1). The iron 
oxide formed on the surface of pure Fe0 nanoparticles prevent them from corroding further and dechlorinating TCE. 
The presence of boron appears to mitigate this effect. Dissolution of the boron-containing amorphous Fe-oxide 
layers formed on the Fe0/B particles may be responsible for their higher reactivity, even though these particles have 
a thicker oxide layer than pure Fe0 particles before contact with water.  The presence of acicular 200nm*15nm 
Fe2O3 particles in Fe0/B particles that have been fully reacted with TCE in water suggest that the Fe-oxides formed 
have detached from the Fe0/B particles surface.  This study suggests that not all Fe0 nanoparticles are suitable for in 
situ remediation of chlorinated organic contaminants and those Fe0 nanoparticles with surface properties promoting 
their corrosion are desirable for rapid dechlorination of TCE. 
  
88. PHASE BEHAVIOR OF ABA TRIBLOCK COPOLYMERS WITH CRYSTALLINE/LIQUID 

CRYSTALLINE SEGMENTS.  Wei Wu1, Shuhui Qin1, Jinyu Huang1, Yang-Kyoo Han1, Stephanie Tristram-
Nagle1, Krzysztof Matyjaszewski1, Tomasz Kowalewski1;  1Carnegie Mellon University, Mellon Institute, 
Fifth Avenue 4400, Pittsburgh, PA 

Nanoscale morphology and phase behavior of ABA triblock copolymers with crystalline (Octadecyl methacrylate) 
and liquid crystalline segments ([(4-cyanophenyl)azophenyl]-4'-oxy-ethylene-oxy-ethylene methacrylate) A and 
glassy segment B were investigated, using variable temperature atomic force microscopy (AFM), x-ray diffraction 
(XRD), and differential scanning calorimetry (DSC). AFM results showed variation of surface morphology of as-
prepared samples upon annealing, and its evolution towards better defined nanoscale phase separation. Phase 
contrast AFM allowed the in vitu visualization of phase transitions in nanoscale phase-separated regions 
corresponding to A and B blocks (melting/crystallization and devitrification/vitrification). Temperature ranges of 
transitions determined by AFM were in good agreement with those observed by DSC and XRD. The total heat effect 
associated with melting of ODMA blocks determined by DSC increased linearly with the increase of block length, 
indicating that the degree of crystallinity of ODMA domains did not depend noticeably on their nanoscale 
morphology. In addition to discussing the interplay between block crystallizabilty and nanoscale morphology of 
ABA block copolymers, this presentation will also describe some important novel technical aspects related to AFM 
imaging of surfaces exhibiting varying degrees of mechanical lossiness. 
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89. PREPARATION AND CHARACTERIZATION OF NOVEL NANOSTRUCTURED CARBON FROM 
PYROLYSIS OF WELL-DEFINED DIBLOCK COPOLYMERS OF ACRYLONITRILE AND N-
BUTYLACRYLATE.  Shijun Jia1, Krzysztof Matyjaszewski1, Tomasz Kowalewski1;  1Carnegie Mellon 
University, 4400 Fifth Ave, Pittsburgh, PA 

This presentation will describe our recently developed approach to the fabrication of well-defined nanostructured 
carbons, which is based on controlled pyrolysis of self-organizing condensed phase precursors, such as well-defined 
block copolymers containing polyacrylonitrile (PAN) [J. Am. Chem. Soc. 2002, 124, 10632-33].   Self-organization 
of PAN blocks, which serve as carbon precursors, is facilitated by their covalent coupling to another linear polymer 
(auxiliary block), with which they are immiscible.  Immiscibility between the blocks leads to the nanoscale phase 
separation and to the formation of a range of morphologies, dictated by the extent of immiscibility between the 
blocks and by their relative volume fractions.  Following the covalent stabilization of PAN nanostructure through 
heating in air to ~ 230 oC, the copolymer is then pyrolized by heating under nitrogen atmosphere.  PAN domains are 
converted into the nanostructured carbon, whereas the auxiliary block, which facilitated the formation of the desired 
nanoscale morphology, is “sacrificed” during pyrolysis. “Classical” morphologies observed in di-block copolymers, 
range (in the order of increase of the minority phase content) from dispersed spheres, through cylinders to lamellae.  
Formation of nanostructured carbons exhibiting all these morphologies and derived from block copolymers of PAN 
and poly(n-butyl acrylate) will be demonstrated.  Atomic force microscopy (AFM) and Raman spectroscopy were 
used to study the changes of morphology and carbon structure with increasing temperature.    
  
90. CONTROL OF NANOWIRES OF (CO)POLYMERS CONTAINING REGIOREGULAR POLY(3-

HEXYLTHIOPHENE).  Shijun Jia1, Rui Zhang1, Bo Li1, David Lambeth1, Tomasz Kowalewski1;  1Carnegie 
Mellon University, 4400 Fifth Ave, Pittsburgh, PA 

(Semi)conducting polymers are believed to hold considerable promise as materials for inexpensive electronics, 
sensors and actuators and even molecular electronics.  One of the outstanding challenges with these materials is 
control of polymer morphology and, in particular, fabrication of uniform, well defined nanostructures, which will 
facilitate the improvement of their performance in devices. This presentation describes the achievement of a uniform 
alignment of these nanostructures by solvent casting between micropatterned electrodes.  This effect is based on the 
well-known fact that in the presence of electric field (EF), the interfaces between two dielectrics tend to align along 
the EF lines. In the past, this phenomenon has been demonstrated to lead to the uniform orientation of cylindrical 
domains in microphase separated block copolymers of polystyrene and poly(methylmethacrylate). The orientation 
was achieved when copolymer melts were placed between electrodes in the presence of the EF. In contrast with this 
past work, which required high EF and prolonged (~ 24 hrs) annealing above the glass transition temperature of both 
segments, the method described herein utilizes solvent casting, where the oriented nanostructures form within 
seconds during evaporation of the solvent. 
  
91. WELL DEFINED BLOCK  COPOLYMERS BY ATRP FOR NANO SIZED CONTAINER.  Chang Gi Cho1, 

Sung Guk An1, Guang Hua Li1;  1Hanyang University, Dept. of Fiber and Polymer Engineering, Seoul, South 
Korea 

In recent years, control of free-radical polymerization has attracted much attention and several living polymerization 
methods have been developed based on the reversible capping of the active site of the growing chains. Among them, 
one method is transition metal catalyzed atom transfer radical polymerization (ATRP). ATRP can be nicely applied 
to the synthesis of a block copolymer by sequential addition polymerizations of two monomers or to the synthesis of 
hyperbranched structures of AB type self condensing monomers. In this research poly(vinyl alcohol-b-styrene) 
block copolymer containing high syndiotactic poly(vinyl alcohol) was synthesized by the saponification of 
poly(vinyl pivalate-b-styrene), and its micellar behavior was studied. Also a dumbbell type block copolymer 
composed of PEG mid-block and two hyperbranched polystyrene end globules was synthesized, and its micellar 
behavior was studied. Both polymers showed stable micelles which could be used as a nano sized container. 
  
92. SCANNING PROBE MICROSCOPY ANALYSIS OF LATEX ADHESIVES WITH CHEMICALLY 

MODIFIED TIPS.  Stephanie Swearingen1, Mark Foster1;  1The University of Akron, Dept. of Polymer 
Science, Akron, OH 
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Imaging and contact mechanical measurements of adhesive surfaces are complicated by the formation of a capillary 
bridge between the scanning probe microscope (SPM) tip and the sample surface, arising from the presence of a 
water layer on the surface at ambient conditions.  The capillary force associated with this bridge contributes to the 
total force determined by force-distance measurements and consequently only permits qualitative comparisons of 
adhesive forces.  Employing SPM tips that have been chemically modified to display hydrophobic functionality 
allows for quantification of adhesive forces by reducing the effect of the capillary force on the cantilever.  We are 
interested in studying latex water-borne adhesive samples because their use avoids environmental hazards associated 
with organic solvent-based adhesives.  Of interest are not only the final dry films, but also films that are still moist 
and for which capillary forces are particularly problematic. 
  
93. SEPARATING NANOSCALE ISLAND DYNAMICS FROM PHASE TRANSITIONS AT THE AU(111) 

ELECTROCHEMICAL INTERFACE USING ASYMMETRIC POTENTIAL PULSE PERTURBATION 
STM.  Yufan He1, Eric Borguet1;  1University of Pittsburgh, Department of Chemistry and Surface Science 
Center, Pittsburgh, PA 

The dynamics of island growth and decay at interfaces can be complicated due to accompanying substrate phase 
transitions. This is the case for Au islands on Au(111) in electrochemical environments. In order to study the island 
dynamics and Au(111) reconstruction phase transition separately, a technique combining asymmetric potential pulse 
perturbations and scanning tunneling microscopy was employed. The results confirm our previous observation of a 
voltammetric annealing process stabilizes the nanoscale islands. The higher the pulse potential and the longer the 
potential pulse, the more stable the islands. In addition, it was shown that in 0.1M HClO4, the Au(111) 
reconstruction may involve two individual processes, the decay of islands formed by the lifting of reconstruction and 
thegrowth of characteristic reconstruction stripes. Evidence is presented for an intermediate state, stabilized in the 
0.3 Vsce to 0.45 Vsce potential range. This intermediate phase is characterized by highly mobile atoms, the absence 
of islands and paucity of reconstruction stripes. 
  
94. SECOND HARMONIC GENERATION AS A PROBE OF ADSORPTION AT COLLOIDAL PARTICLE 

SURFACES.  R. Campen1, Eric Borguet2;  1Pennsylvania State University, Department of Geosciences, 
University Park, PA; 2University of Pittsburgh, Department of Chemistry and Surface Science Center, 
Pittsburgh, PA 

Understanding interfacial chemistry at charged colloidal surfaces in aqueous solutions is of interest to a broad range 
of communities. For example, in the biomedical realm functionalized latex particles can be used as sensors in 
capillary electrophoresis of proteins while in the environmental realm adsorption of contaminants at natural particle 
surfaces often determines there dispersion. Unfortunately interface specific in situ probes of these environments are 
lacking. Second harmonic generation is a remedy to this problem and in this study provides an in situ means to 
probe adsorption at the surface of latex particles in aqueous solution. In particular, the adsorption of Malachite 
Green and 4-(2-pyridylazo)resorcinol at nominally neutral and charged (both positive and negative) latex particle 
surfaces. These studies enable us to determine the free energy of adsorption and packing density of probed 
molecules at these prototypical colloidal interfaces. 
  
95. MOLECULAR SCALE TEMPLATES AT ELECTROCHEMICAL INTERFACES.  Jasmine Ma1, Tao Ye1, 

Yufan He1, Eric Borguet1;  1University of Pittsburgh, Department of Chemistry and Surface Science Center, 
Pittsburgh, PA 

Molecular self-assembly on surfaces depends on a complex interplay of surface interactions. At electrochemical 
interfaces, surface charge density can modulate adsorbate-substrate as well as solvent-substrate interactions. The 
roles of different interactions are reflected in the surface charge dependant structures of surfactants. Furthermore, the 
self-assembled structures can act as molecular scale templates to form nanostructures with controlled dimension and 
spacing on surfaces. We observed restructuring of Au(111) substrate due to the presence of surfactants. 
Electrodeposition on the molecular scale templates can result in the formation of aligned metal nanowires on 
surfaces. 
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96. USING GOLD NANOPARTICLES TO EXAMINE PROTEIN ADHESION TO SURFACES.  Bahdua 
Sirleaf1, Pamela Meadows1, Rojana Leecharoen1, Palwinder Kaur1, Gilbert Walker1;  1University of 
Pittsburgh, 219 Parkman Avenue, Chevron Science Center, RM G12, Pittsburgh, PA 

We are exploring the potential use of gold nanoparticles to provide a large effective surface area for protein 
adhesion studies. These particles were characterized using absorption spectroscopy.  Here, we report our studies of 
Fibronectin (FN), a major adhesion promoting protein found within the bloodstream and extracellular matrix.  CD 
spectroscopy of FN and mixtures with particles will be presented. 
  
97. FRICTION AND ADHESION BEHAVIOR OF POLYMER SURFACES STUDIED USING SCANNING 

PROBE MICROSCOPE.  Seungho Moon1, Mark Foster1;  1The University of Akron, Dept. of Polymer 
Science, Akron, OH 

The objective is to investigate the adhesion and frictional behavior at the surface of polymeric materials using a 
scanning probe microscope (SPM). In materials and devices with small dimensions interfaces play a prominent role 
and, in fact, interfacial behavior becomes dominant in systems approaching nanoscale dimensions.  SPM is an 
outstanding tool to study the role of the surface mechanical and rheological properties because it is surface sensitive 
and provides information on a highly localized scale. It may be used to study the effect of molecular interactions on 
nanometer-scale contacts using force-distance measurements, friction force microscopy, and different types of 
modulation techniques. The behavior at the surface is sensitive, in general, to humidity and this must be considered 
when interpreting results.  Since polymeric adhesive materials are viscoelastic, the conventional approach of 
applying an SPM technique at a single convenient frequency and temperature reveals only some aspects of the 
adhesive behavior.  Measurements at various frequencies and temperatures should bring additional insight, which 
will also be addressed. 
  
98. ENTRAPMENT OF AVIDIN-BETA-GALACTOSIDASE IN A THERMOREVERSIBLE BIOPOLYMER 

MICROGEL.  Rong Cao1, Bethany Lehman1, Bruce Armitage1;  1Carnegie Mellon University, 4400 Fifth 
Avenue, Pittsburgh, PA 

A thermoreversibly crosslinked biopolymer microgel based on protein, DNA three-way junction (TWJ) and PNA-
biotin was used to entrap avidin-beta-galactosidase enzyme. The entrapment takes advantage of high affinity binding 
of avidin and biotin. The enzyme was found to be incorporated into the gel with virtually complete retention of the 
enzyme activity towards the hydrolysis of O-nitrophenyl beta-D-galactoside (ONPG) and it can be separated from 
the product easily and has good reusability. Different conditions were investigated to entrap the enzyme. Biotin 
attaching to N-terminus PNA and avidin labeling to beta-galactosidase are two important factors to entrap the 
enzyme successfully. 
  
99. AFM INVESTIGATION OF A PEPTIDE RESPONSIBLE FOR THE AMYLOID FIBRIL FORMATION OF 

BETA-2–MICROGLOBULIN.  Senli Guo1, Yujie Sun1, Gilbert Walker1, Hirostsugu Hiramatsu2, Teizo 
Kitagawa3;  1University of Pittsburgh, 219 Parkman Ave. CSC G18, Pittsburgh, PA; 2Center for Integrative 
Biosciences, Japan 

Beta-2–microglobulin (b2m) is a major component of  dialysis-related amyloid fibrils. The peptide (21-31) which 
are investigating plays an important role in the formation of amyloid fibrils. Different environmental conditions lead 
to different fibril morphologies. We are developing methods for preparing surfaces with peptides to investigate the 
mechanism of fibril growth. Protein aggregates are being grown from b2m and its fragments. 
  
100. HOW DO SURFACE FUNCTIONAL GROUPS ON SINGLE WALLED CARBON NANOTUBES 

(SWNTS) AFFECT MOLECULAR ADSORPTION?.  Xue Feng1, Radisav Vidic1, Eric Borguet1;  
1University of Pittsburgh, Surface Science Center, Pittsburgh, PA 
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Chemical and topological heterogeneity play important roles in determining the properties and applications of 
SWNTs.  Molecular interactions with SWNTs were investigated via adsorption/desorption behavior of 
representative model non-polar (propane, hexane), polar (acetone, pyridine, H2S) molecules.  The temperature 
programmed desorption (TPD) study revealed that adsorption is controlled by oxygen- and hydrogen-containing 
functional groups that exist on SWNT surface. The presence of these groups almost completely suppresses propane 
and H2S adsorption at 95K. These groups decompose during thermal treatment (>1000 K) under vacuum. Removal 
of those groups presumably opens the entry ports for adsorption on the inner surface of SWNTs and leads to 
increasing in propane, hexane and H2S adsorption capacities.  However, the uptake capacity of SWNT for pyridine 
decreased after thermal treatment. No significant changes in uptake capacity or energetics were observed for 
acetone. The origins of the diverse behavior reveals distinct molecular interactions with SWNT exterior, interior and 
surface functional groups.  
  
101. FLUORESCENCE DETECTION OF SURFACE BOUND INTERMEDIATES PRODUCED FROM UV 

PHOTOREACTIVITY OF ALKYLSILOXANE SAMS.  Tao Ye1, Eric McArthur1, Stephane Petoud1, Jason 
Cross1, Kessler McCoy-Simandle1, Eric Borguet1;  1University of Pittsburgh, Department of Chemistry and 
Surface Science Center, 219 Parkman Avenue, Pittsburgh, PA 

UV irradiation in ambient of ODS (octadecylsiloxane) SAM results in a reduction of the contact angle and a loss of 
IR intensity in CH stretch region. We hypothesized that UV/O3 phototransformation of the SAM surface results in 
the formation of CHO, OH, and CO2H groups. We show that by covalent fluorescent labeling of surface species 
(FLOSS), the inherent sensitivity of fluorescence spectroscopy can be exploited to identify and quantify low 
concentration functional groups on surfaces. FLOSS enables the detection of surface chemical groups as low as 10 
11 molecules/cm2 by specific covalent attachment of fluorescent chromophores to surface functionalities, 
confirming the presence of oxygen containing functionality (OH, CO2H, CHO). 
  
102. PEPTIDE NUCLEIC ACID AMPHIPHILE (PNAA)-BASED DNA PURIFICATIONS FOR GENOMIC 

PROCESSING AND BIOTECHNOLOGY.  James Vernille1, James Schneider1;  1Carnegie Mellon 
University, 5000 Forbes Avenue, Pittsburgh, PA 

Sequence-specific purification of DNA currently relies on surface-based hybridization utilizing immobilized probes.  
The purification yields of these techniques can be inhibited by slow DNA binding kinetics and non-specific surface 
fouling.  An alternative approach is to bind target DNA with a nucleic acid capture strand in solution.  Surfactants 
with DNA recognition capabilities allows for implementation of two phase aqueous micellar partitioning and 
hydrophobic interaction chromatography separations.  Peptide nucleic acids (PNAs) were used as DNA capture 
strands with monoalkyl hydrocarbons appended to the N-terminus of the peptide creating a PNA-amphiphile 
(PNAA).  Due to the elimination of the charged phosphodiester backbone, PNA binds DNA targets with greater 
specificity and thermal stability.  These characteristics allow PNA to form (PNA)2 :DNA triplexes facilitating 
purification of double stranded DNA including plasmids.  Using hydrophobic interaction chromatography we have 
demonstrated that PNAA/DNA duplexes can be separated from unbound DNA and other cell extract components 
with high resolution and sequence specificity.  The PNAA/DNA ratio was optimized to produce the greatest 
separation efficiency.  Negligible binding occurred when a single base mismatch was introduced into the DNA 
target.  Back extraction using RP-HPLC recovers both the target DNA and PNAA capture strand from the bound 
complex.  Chromatographic separation data will be presented with discussion of preliminary data for DNA 
partitioning using two-phase aqueous micellar systems and plasmid purification using PAGE electrophoresis. 
  
103. DEVELOPMENT OF AN INFECTION-RESISTANT BIFUNCTIONALIZED DACRON MATERIAL 

USING MODIFIED TEXTILE DYEING TECHNOLOGY.  Puja Aggarwal1, Matthew Phaneuf1, Martin 
Bide2, Kerry Sousa1, Frank LoGerfo1, William Quist1;  1Beth Israel Deaconess Medical Center, 4 Blackfan 
Circle, Room 131, Boston, MA; 2University of Rhode Island, 311 Quinn Hall, Kingston, RI 
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Infection is a major complication despite advances in sterile procedures in the clinical setting. All implantable 
biomedical devices, including those with polyester (Dacron) constructs, continue to have significant infection rates. 
The purpose of this study was to determine reaction conditions that resulted in an infection-resistant biomaterial by 
applying the antibiotic Ciprofloxacin (Cipro) to Dacron. Each Dacron segment was modified with ethylenediamine 
(EDA) to create a bifunctional surface. Cipro was applied to this Dacron under varied conditions such as dyeing 
time, dyeing temperature, autoclaving and solution pH. Antimicrobial activity, determined by a zone of inhibition 
assay against Staphylococcus epidermidis, for autoclaved, Cipro-dyed, EDA-treated segments persisted for 78 days 
(length of study). Non-autoclaved segments lost activity within one hour. Variation of dyeing time and temperature 
did not significantly affect antibiotic release. Varying the pH of the dyeing solution seemed to affect the 
antimicrobial properties of the biomaterial. Cipro application to EDA-treated Dacron resulted in a sustained release 
of antibiotic over an extended period of time. 
  
104. CHAIN END STUDIES OF COPPER(II) ENOLATE REDOX INITIATED FREE RADICAL 

POLYMERIZATION.  Faith Wyzgoski1, Kristin McNamara2, H. Harwood2, Peter Rinaldi2;  1Ohio State 
University, 1680 University Drive, Mansfield, OH; 2University of Akron, Akron, OH 

Polymerization of vinyl monomers can be initiated by anaerobic oxidation of aliphatic and aromatic aldehyde and 
ketone enolates in solution in the presence of Cu(II)-pyridine complexes, triethylamine, and triphenylphosphine. 
Previous research indicates that a complex of the enolate is formed with the Cu(II) species and this Cu(II)-enolate 
complex undergoes electron transfer to form a radical bearing α-carbonyl group and a Cu(I)-phosphine complex. 
The radical is capable of initiating polymerization of vinyl monomers. Herein, is reported the use of aromatic C-13 
labeled carbonyl compounds and Cu(II) octanoate to produce initiators for the free radical polymerization of a series 
of homo- and copolymers of styrene and methyl methacrylate. Nuclear magnetic resonance (NMR) analysis of the 
C-13 labeled chain ends of these polymers afforded insight into the mechanisms of initiation and termination. In 
copolymerization experiments using C-13 labeled acetophenone, the NMR spectra provided evidence of selectivity 
for styrene monomer addition to the phenacyl radical. Study of the spectra also yielded quantitative microstructural 
information, suggesting that a Bernoullian model could be invoked. Results from 1D-NMR experiments indicated 
that additional information could be gleaned by multidimensional NMR analysis. 
  
105. EFFECT OF SYMMETRY ON SURFACTANT PROPERTIES:  ISOLYSINE VS. LYSINE.  Terri Menz1, 

Toby Chapman1;  1University of Pittsburgh, Department of Chemistry, Pittsburgh, PA 

One class of molecules investigated for drug delivery are degradeable and biocompatible micelles such as the 
hydraamphiphiles consisting of a Boc-terminated lysine dendrimer grown from a monofunctional PEG chain 
previously synthesized in our lab.  The asymmetric nature of the lysine repeat unit prevents the hydrophobic end 
groups from perfectly lining up.  To investigate the effect this has on the surfactant properties, a hydraamphiphile 
isomeric to the PEG supported lysine dendrimer has been synthesized using isolysine, the symmetric isomer of 
lysine, as the dendritic building block.  The dendrimer was grown onto a PEG chain using a Boc-protected isolysine 
monomer, which was prepared in 5 steps from 2-pyrollidinone and 2-bromoethylamine hydrobromide.  The 
surfactant properties of generations 1-4 of the Boc-terminated isolysine dendrimers were examined and compared to 
those previously obtained for the lysine dendrons.  Micelle size was somewhat dependent on generation and 
dendrimer symmetry as were the critical micelle concentrations (cmcs) and micelle aggregation numbers.  The 
stability of oil in water emulsions using the PEG supported Boc-terminated isolysine dendrimers as the surfactant 
was also explored. 
  
106. NOVEL CATALYSTS FOR CYCLIC OLIGOMER SYNTHESIS.  James Copenhafer1, Tara Meyer1;  

1University of Pittsburgh, 234 Chevron Science Center, Pittsburgh, PA 

A transition metal catalyst that can perform controlled ring-opening metathesis polymerization (ROMP) followed by 
an auto-terminating ring closing metathesis (RCM) step would be of great synthetic utility. With that in mind, 
explorations into extending the familiar Schrock and Grubbs catalysts have been performed with an eye towards the 
repetitive generation of n-meric cyclic oligomers. The design and synthesis of each modified catalyst as well as the 
nature of the material yielded upon polymerization of norbornene will be described. 
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107. DEVELOPMENT OF AN INFECTION-RESISTANT ANIONIC DACRON BIOMATERIAL USING 
MODIFIED TEXTILE DYEING TECHNOLOGY.  Kerry Sousa1, Matthew Phaneuf1, Martin Bide2, Puja 
Aggarwal1, Frank Logerfo1, William Quist1;  1Beth Israel Deaconess Medical Center, 4 Blackfan Circle, 
Boston, MA; 2University of Rhode Island, 311 Quinn Hall, Kingston, RI 

Infection is a major complication when utilizing implantable biomaterials.  The purpose of this study was to 
determine the experimental conditions that create a polyester (Dacron) biomaterial with sustained bacteriocidal 
properties.  Thermofixation (pad/heat) and autoclaving is employed to directly incorporate the antibiotic 
Ciprofloxacin (Cipro) into the Dacron fiber.  Woven Dacron segments were hydrolyzed in 0.5% or 1% NaOH 
solutions at 100ºC, providing functional groups to increase material wettability.  The segments were sprayed with a 
5mg/ml Cipro solution and dried overnight at 58ºC, followed by pad/heating at temperatures of 170ºC, 190ºC or 
210ºC for 2 minutes. Prior to plating, segments were autoclaved to ensure sterilization and further push Cipro into 
the Dacron fibers.  A zone of inhibition assay against Staphylococcus epidermidis was used to assess antimicrobial 
activity.  Cipro-dipped Dacron segments had no antimicrobial activity after 4 hours whereas antimicrobial activity 
for pad/heat-autoclave treated segments persisted 65 days (length of study).  Thus, Cipro application to modified 
Dacron via thermofixation results in controlled, sustained antibiotic release over an extended period of time. 
  
108. SYNTHESIS AND CHARACTERIZATION OF POLY(3-HEXYLTHIOPHENE) BLOCK COPOLYMERS.  

Mihaela Iovu1, Elena Sheina1, Malika Jeffries-El1, Genevieve Sauve1, Jessica Cooper1, Richard 
McCullough1;  1Carnegie Mellon University, 4400 Fifth Avenue, Box 195, Pittsburgh, PA 

Regioregular poly(3-alkylthiophenes) are very promising conducting materials. Despite their excellent electrical 
conductivity, these polymers have relatively poor  mechanical and processing properties. A potential way to improve 
the mechanical properties of polythiophenes is their incorporation into block copolymer structures. It is well known 
that rod-coil block-copolymers can self-assemble to form nanoscale morphologies.  Recently, the synthesis of end-
functionalized poly(3-hexylthiophene) was developed in our group. The end-functionalized poly(3-hexylthiophene) 
can be used as a precursor for the synthesis of novel block-copolymers.  We are now reporting a new and simple 
methodology  for the synthesis of well-defined poly(3-hexylthiophene) block-copolymers. 
  
109. CONTROL OF END-GROUPS OF REGIOREGULAR POLY(3-ALKYLTHIOPHENES) USING 

GRIGNARD METATHESIS.  Genevieve Sauve1, Malika Jeffries-EL1, Richard McCullough1;  1Carnegie 
Mellon University, 4400 Fifth Ave. Box 190, Pittsburgh, PA 

Regioregular poly(3-alkylthiophenes) (PATs) constitute an important group of conjugated polymers due to their 
good solubility, environmental stability, and conductivity.  Although they can now be considered  well-studied, less 
attention has been given to the nature and control of the end groups of such polymers. There is great interest in 
developing simple methods to prepare conjugated polymers with different end-groups.  In this paper, we 
demonstrate a new quick and easy way to end-cap the polymer using a variety of Grignard reagents.  Progress 
towards understanding the mechanism for the end-group control is also discussed.  Strategies learned from this work 
will allow for the synthesis of a plethora of new conducting materials. 
  
110. CHARACTERIZATION OF POLYANILINE/IONIC LIQUID COMPOSITES USING NUCLEAR 

MAGNETIC RESONANCE.  Somali Ghosh1, Matthew Espe1, Ian Norris2, Ben Mattes2;  1University of 
Akron, Knight Chemicals Laboratory, 190 E. Buchtel Commons, Akron, OH; 2Santa Fe Science and 
Technology Inc., Santa Fe, NM 
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Polyaniline (PANI) is a member of the family of conducting organic polymers. PANI can be electrochemically 
cycled between its fully reduced (leucoemeraldine) and half-oxidized (emeraldine) forms. This property is exploited 
to use PANI in batteries, sensors, LEDs and actuators. These PANI based material can be patterned onto almost any 
substrate including flexible materials to make a range of electronic devices. These devices previously were limited 
because of their poor environmental stability, slow switching speed and short lifetimes during redox cycling which 
are partly due to the poor electrolyte system. Recently, the application of room temperature ionic liquids as the 
electrolyte has resulted in greatly enhanced performance of PANI based electrochemical devices (1).  Typical ionic 
liquids (IL) are composed of the 1-butyl-3-methyl imidazolium cation (BMIM+) with either tetrafluoroborate or 
hexafluorophosphate as the anion. Currently, there lacks a detailed molecular level characterization of the PANI/IL 
electrolyte system.  Solution and solid-state NMR are being used to address the location of the IL (surface vs 
intercalated), the PANI/IL interactions and the mobility of the IL when intercalated within the polymer matrix, to 
gain insights into the chemistry of these systems. The 13C and 31P NMR results show that the chemical and 
electronic structure of the polymer is not modified by the presence of the ionic liquid. Distinct spectra can also be 
obtained for IL on the surface of, and intercalated within, the PANI film. These studies also show that the mobility 
of the IL is reduced when in the polymer matrix.  1) Lu, W. et al., Science, 2002, 297, 983.  
  
111. ASSOCIATION BEHAVIOR OF PNA-TERMINATED POLY(2-HYDROXYETHYL ACRYLATE) FROM 

ATRP.  Guy Berry1, Ying Wang1, Bruce Armitage1;  1Carnegie Mellon University, 4400 Fifth Ave, 
Pittsburgh, PA 

An initiator with peptide nucleic acid (PNA) terminus was used to polymerize poly(2-hydroxyethyl acrylate) 
(PHEA) via an atom transfer radical polymerization at room temperature, to prepare a PNA end-capped polymer 
(PNA-PHEA) of the predictable molecular weight and narrow molecular weight distribution. Light scattering was 
used to characterize the polymer chains. PNA-PHEA strongly self-aggregates in water, but can be dissolved in water 
with N-methyl pyrrolidone (NMP) as a cosolvent. Three chains of a complementary sequence of PNA were coupled 
to a trifunctional core molecule to give a three-arm PNA cross-linker for the polymer.  Light scattering studies 
showed that the PNA-PHEA can reversibly associate with the cross-linker groups to form a star-shape trimer. The 
dependence of the trimer formation was followed by the change in molecular weight as a function of temperature.  
Melting curves of the PNA-PNA duplex structures were also determined using UV-visible spectroscopy. 
  
112. DUAL-PHASE TRANSITION DYNAMICS IN A BINARY POLYMER BLEND.  Andrea Tuckett1, Kalle 

Levon1;  1Polymer Research Institute, Polytechnic University, 6 Metrotech Center, Brooklyn, NY 

The interplay of liquid-liquid phase separation and liquid-solid phase separation through spinodal decomposition 
and crystallization were studied by using the binary polymer mixture of poly(e-caprolactone) (PCL) and 
poly(styrene-co-hydroxystyrene) (PSH) containing 7 wt% of hydroxystyrene. For three different blend 
compositions, samples were annealed for various times starting with temperatures 15 degrees below through 15 
degrees above the lower critical solution temperature (LCST), in 5 degrees interval, then quenched to a single 
crystallization temperature. Phase-contrast and polarized microscopy were used to investigate the development of 
the emerging crystalline morphology and kinetics in competition with phase separation. At the blend composition of 
20/80 PSH/PCL, the sample underwent spinodal decomposition (SD) within 10 degrees above the LCST for various 
annealing times. The longer the SD time, the higher the rate of crystallization. Some unique morphologies such as 
dendritic formations were observed for the three blend compositions. Thus the effect of liquid-liquid phase 
separation on the succeeding crystalline morphology was elucidated. 
  
113. METAL ION ROLES IN CONTROL OF DIALKYLGLYCINE DECARBOXYLASE CATALYSIS.  Wenshe 

Liu1, Michael Toney1;  1University of California, Davis, 2900 Solano Park Cir. #3424, Davis, CA 
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The kinetics of seven monovalent metal ions and three divalent metal ions in control of dialkylglycine 
decarboxylase (DGD) catalysis are presented. Small monovalent metal ions (Li+ and Na+) and all divalent metal 
ions (Mg2+, Ca2+ and Ba2+) tested are inhibitory. Large monovalent metal ions (K+, NH4+, Rb+, Tl+, and Cs+) 
activate DGD. The activity of metal complexes with DGD is both metal size dependent and metal charge dependent. 
kcat peaks at K+ (10.4±0.2s-1) for monovalent metal ions and Ba2+ (1.4±0.1s-1) for divalent metal ions and kcat of 
monovalent metal complexes is at least 8 fold larger than that of divalent metal ions which have similar sizes.  The 
dissociation constants of metal ions from DGD are also metal ion size dependent, with K+ having smallest Kd 
(0.53±0.05mM), and Kd increasing from K+ to Li+ (Kd=6.0±0.7mM), K+ to Cs+ (Kd=30±8mM) and from 
Ba2+(Kd=12±1mM) to Mg2+ (Kd=28±9mM) generally. All monovalent metal ions stabilize coenzyme pyridoxal 
phosphate (PLP) binding. For K+, KPLP (=3.7±0.3ìM) is 60 fold smaller than that (KPLP=229±37ìM) of metal free 
enzyme. K+ also accelerates coenzyme binding rate to apoenzyme and decelerate coenzyme release from enzyme. In 
condition of 100uM PLP, it takes at least one hour for PLP to saturate apoenzyme in the absence of K+ but one 
minute in the presence of K+. t1/2 of PLP release from metal free enzyme was 173±4s, however, t1/2 of PLP release 
from K+ complex was 305±30min. The kinetic process of K+, Li+ and Rb+ binding to DGD is two-step mechanism 
which suggests two conformations of metal complexes with DGD which were found in solution study.μ 
  
114. PNA DUPLEX CHARACTERIZATION UNDER NON-PHYSIOLOGICAL CONDITIONS.  Laura 

Vaillancourt1;  1Carnegie Mellon University, 42 Robin Road, Norfolk, MA 

The search for molecular electronics has created a need for smaller scaffolding necessary with miniature conductors 
for metal ions. Supramolecular assemblies using nucleic acids as scaffold for metal ions have interesting potential 
electronic and magnetic properties useful in development of nanodevices.   Nucleic acids as a scaffold have to be 
characterized under conditions specific for metal incorporation. Some metal ions are hydrolytically stable only at 
pH<7. High pH is necessary when metal incorporation requires the ionization of the ligand coordinating groups such 
as the hydroxide groups of catechol. Such requirements make necessary the characterization of PNA itself in the pH 
range 3-11. Ethanol is important for insertion of Ru(II) and Ru(III) in the duplex. Acetonitrile is required for Cu(I) 
incorporation in PNA duplexes.   This abstract outlines results stemming from characterization of peptide nucleic 
acid (PNA) under various pH and solvent conditions.  Testing the formation and properties of PNA duplexes under 
these non-physiological conditions involves solid-phase synthesis of PNA oligomers.  These oligomers are prepared 
using Boc-protection strategy, purified by HPLC, and characterized using MALDI-TOF mass spectrometry. PNA 
duplex characterization is done by variable temperature UV-Vis and CD spectroscopy.  Melting curves of H-
GTAGATCACTLysNH2 and H AGTGATCTACLysNH2 are obtained in a buffer solution chosen for its wide pH 
range.    Using the hypochromic effect of temperature on the free nucleobase UV absorption, we discovered that 
duplexes form at pH between 3 and 12.  However, the thermal stability of PNA duplexes at either pH=3.28 or in 
50/50 acetonitrile/water is lowered.  The helicity of PNA duplexes under these non physiological conditions using 
CD spectroscopy is currently under investigation. 
  
115. STRUCTURAL ANALYSIS OF A COPPER CLUSTER IN A METALLOREGULATORY PROTEIN.  

Melinda Harrison1, Kristina Pazehoski1, Jeffrey Evanseck1, Charles Dameron1;  1Duquesne University, 600 
Forbes Ave., Pittsburgh, PA 

Copper homeostasis in the Gram-positive bacterium Enterococcus Hirae (E. Hirae) is controlled by the cop operon 
which encodes four genes: copA, copB, copY and copZ. In the Cu(I) pathway of E. hirae, CopA, an ATPase 
membrane bound protein, is proposed to import Cu(I) into the cell and transfer it to CopZ.  CopZ, a Cu(I) 
chaperone, then shuttles Cu(I) to the dimer Zn(II)CopY.  CopY, a repressor protein, accepts the Cu(I) from CopZ, 
then the Zn(II) is displaced by the Cu(I).  The metal binding domain of the Zn(II)/Cu(I) CopY is necessary for the 
metal regulation of this Cu(I) uptake and resistance pathway. Previous research has shown that the Cu(I)-protein 
stoichiometry is two Cu(I) per monomer, however, the structure of CopY is unknown. Computational and structural 
approaches have been taken in order to obtain the structure of the metal binding domain of Cu(I)CopY.  Density 
functional theory (DFT) calculations, at the B3LYP/6-31G(d) level of theory, have been used to study the structure, 
energy and vibrations of a hypothesized metal cluster. 
  
116. ELUCIDATING THE MECHANISM OF INHIBITION OF BACTERIAL RNASE P BY 

AMINOGLYCOSIDE DERIVATIVES.  Steven Kawamoto1, Cynthia Hatfield1, E. Behrman1, Venkat 
Gopalan1;  1Ohio State University, 484 West 12th Avenue, Columbus, OH 
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Ribonuclease P (RNase P) is a magnesium-dependent catalytic RNP complex which catalyzes the maturation of 
precursor tRNAs in all living organisms and is therefore essential for their viability.  The bacterial RNase P 
holoenzyme consists of a catalytic RNA subunit and a single protein cofactor, while that of eukaryotes consists of a 
non-catalytic RNA and multiple protein subunits.  This fundamental structural difference makes bacterial RNase P 
an attractive target for novel antibacterial drugs.  Aminoglycoside antibiotics such as neomycin B have been shown 
to effectively inhibit bacterial RNase P at micromolar concentrations, presumably by displacing magnesium ions 
critical for catalytic activity.  Previous studies in our laboratory have shown that NeoR6, a hexa-arginine derivative 
of neomycin B, is 500-fold more potent than neomycin B in inhibiting bacterial RNase P.   Why is NeoR6 such a 
superior inhibitor?  Does its increased activity imply a different mechanism of inhibition than that of neomycin B?  
To answer these questions, we have undertaken both structure-activity relationship and mechanistic studies.  Results 
from our studies with various NeoR6 analogs (including NeoK6, a hexa-lysine derivative, for which we developed a 
new synthesis) demonstrate that backbone conformation, side-chain length and structure, and number of arginine 
side chains all contribute to the inhibitory potential of NeoR6.  Our mechanistic studies were designed to 
discriminate between two likely mechanisms of inhibition by NeoR6: 1) displacement of magnesium ions essential 
for catalytic activity, and 2) displacement of the protein cofactor and prevention of holoenzyme assembly.   Our 
recent data support the first mechanism. First, inhibition of bacterial RNase P activity by NeoR6 can be reversed by 
elevating the concentration of magnesium but not that of the protein subunit.  Second, RNase T1/V1-based 
footprinting assays demonstrate that the protein cofactor is not displaced from the holoenzyme by NeoR6.   
Terbium-based fluorescence studies will also be employed to directly assess the ability of NeoR6 to displace metal 
ions from the RNA subunit.  Moreover, completion of ongoing efforts to synthesize an EDTA-Fe2+ derivative of 
NeoR6 for use in subsequent hydroxyl radical-mediated footprinting studies on the RNA subunit will enable 
physical mapping of the binding sites of NeoR6 on the RNase P holoenzyme.  * The first two authors contributed 
equally to this work 
  
117. MUTATIONAL ANALYSIS OF THE METAL BINDING MOTIF OF A COPPER(I) RESPONSIVE 

REPRESSOR.  Kristina Pazehoski1, Melinda Harrison1, Charles Dameron1;  1Duquesne University, 600 
Forbes Ave., Pittsburgh, PA 

Intracellular levels of copper must be strictly controlled in all living organisms.  Copper is essential for use as a 
cofactor in several enzymes, however the element is also potentially toxic due to its ability to initiate oxidative 
damage.  Enterococcus hirae achieves copper homeostasis through the proteins encoded by the cop operon.  
Zn(II)CopY is a Cu(I) responsive repressor protein that regulates the expression of the cop operon.  The protein 
binds either Zn(II) or Cu(I) in a Cys-x-Cys-xxxx-Cys-x-Cys metal binding motif, and exists as a homodimer when 
either metal is bound.  Each cysteine of the motif was mutated to alanine to examine the significance of each residue  
in coordinating Zn(II) or Cu(I).  Atomic absorption spectroscopy and UV-Vis spectrophotometry were used to 
determine the metal content of the mutated CopY.  Size exclusion chromatography was employed to show that the 
mutated CopY existed as a monomer or dimer. 
  
118. PRESTABILIZATION OF A COPPER(I) BINDING SITE WITH  ZINC.  Charles Dameron1, Melinda 

Harrison1, Kristina Pazehoski1;  1Duquesne University, 600 Forbes Ave., 308 Mellon Hall, Pittsburgh, PA 

Regulation of the cop operon requires that a single zinc(II) in CopY repressor be displaced by two copper(I) ions, 
resulting in a loss of DNA-binding activity.   Confor-mational changes imposed on the metal binding region of 
CopY by the zinc(II) displacement are proposed to be the key step in this metalloregulated pathway. Physical and 
molecular methods are being used to characterize the structure and function of the key metal binding motif in the 
protein. In vivo the regulation appears to be mediated by the conversion of the zinc(II) binding site, one 
zinc(II)/monomer, to a Cu(I) binding site, two Cu(I)/monomer. Copper(I), supplied by the copper(I) chaperone 
CopZ, becomes buried within the protein in what may be a unique Cu(I)-thiolate cluster. X-ray absorption studies 
affirm that the zinc(II) is bound to the CopY cysteinyl thiolates and support the formation of a Cu(I) binding site that 
is, minimally, in a binuclear cluster with two three coordinate Cu(I) ions. At least two of the thiolate ligands in the 
site are expected to be bridging ligands. The presence of the Zn(II)-thiolate ligands is essential for the stoichiometric 
binding of the Cu(I) ions and is required for dimer formation.  NMR studies support the hypothesis that the Zn(II) 
displacement results in a structural change as they reveal clear differences in the spectra of Zn(II) and Cu(I) in 
purified domains of the protein. 
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119. THE EFFECT OF CAVITY POLARITY ON HYDROGEN BOND ENERGIES INVOLVING IMIDAZOLE.  
Ronald See1, Colin Evans1, Thomas Baker1;  1Indiana University of Pennsylvania, Weyandt Hall, Indiana, PA 

The effects of a cavity polarity on the energies of hydrogen bonds involving imidazole were investigated by 
molecular orbital calculations at the B3LYP/6-31G* level. A hydrogen bond from imidazole to Fe-bound O2 may be 
an important factor in the stabilization of O2, relative to CO, in the active site of myoglobin. The gas-phase 
hydrogen bond energy in the complex im•••Fe(por)(im)(L) was calculated to be 37 kJ/mol when L = O2, and about 
18 kJ/mol when L = CO or NO; this difference in gas-phase hydrogen bond stabilization energy (~19 kJ/mol) is too 
large for the observed effect of the protein on ligand binding. However, gas-phase calculations may not be entirely 
realistic for the active site of a protein. Using SCI-PCM, a technique that allows the effect of a polar medium to be 
included in a molecular orbital calculation, new energies were calculated for model systems with a variety of 
acceptor molecules. It was found that, with all hydrogen bond acceptors, the hydrogen bond energy decreased with 
increasing polarity of the calculation. The implications of these results for ligand stabilization in myoglobin will also 
be discussed. 
  
120. OPTIMIZATION OF IN VITRO SYNTHESIS AND BINDING ACTIVITY OF TFIIIA.  Caroline 

Estabrook1, Pamela Higgins1;  1Dickinson College, PO Box 1773, Carlisle, PA 

While previous biochemical and physical data strongly suggest possible contacts between certain amino acids of 
TFIIIA and its cognate nucleic acids (5S rRNA gene and 5S rRNA), the specifics of all contacts throughout the 
entire protein-nucleic acid complexes remains unknown.   To more clearly define these interactions, the site-specific 
incorporation of chemical nucleases into TFIIIA can be accomplished using in vitro suppression reactions requiring 
the use of an E. coli transcription/translation extract.  Towards this goal, the current study explored the ability to 
synthesize TFIIIA and analyze its binding capabilities using in vitro extract reactions.  TFIIIA was effectively 
produced and detected in the E. coli extract reactions using autoradiography and Western blotting techniques.  
Preliminary electrophoresis mobility shift assays allowed measurement of the nucleic acid binding activity of the 
TFIIIA produced in the extract. 
  
121. CLASSROOM ASSESSMENT INTENSIVE AND EXTENSIVE.  Fred Beil1;  1Gannon University, 

University Square, Erie, PA 

This paper presents an “Interactive Lecture” technique that is even more efficient in “covering material” than the 
traditional lecture, and at the same time is truly interactive keeping the students involved and thinking about the 
material presented.  It is efficient because the lecturer knows exactly when the students understand the material well 
enough to proceed, and interactive because the student is continually forced to think about and respond to questions 
posed by the instructor.  The method works equally well for small or large classes.      There are two key 
components.  1.  We must ask questions in-class in such a way that even the students who do NOT know the answer 
must respond.  2.  There should be negative consequences for refusing to answer or participate in class.   This 
second component is very easy to satisfy.  A simple statement in the course syllabus that says, “points are awarded 
for attendance AND PARTICIPATION.”  If the student does not cooperate and participate, they are docked a certain 
percentage of the attendance and participation points.  The first component is also not that difficult to satisfy.  I use 
the following techniques:    1. Often the answers are in the form of small whole numbers.  If this is the case, just ask 
them to hold up the appropriate number of fingers or hold up a closed fist if they have no idea. 2. I do not say, “Who 
knows ___?”  I ask who does NOT know.  I then call on someone who does NOT have a hand raised.  If I suspect 
that a student does not know the answer and still didn´t raise their hand because they are not paying attention, that is 
the one I call on.    3. I also ask true/false questions and ask the students to raise one finger for true, or two fingers 
for false, or three fingers if they have no idea.  I can quickly scan the room and determine the general level of 
understanding of the group.       4. I ask multiple choice questions with the number of raised fingers representing 
choices, always having the choice “I have no idea” so that everyone has to respond.   5. While working a problem in 
class on the board I will stop and ask, “Who does NOT know what to do next in solving this problem?”  Then I will 
ask someone without his or her hand up what is the next step.   Students may give an answer if forced to but may not 
be too sure of the answer.  I sometimes ask how sure they are of the answer, and they show me one to five fingers.   
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122. BISMUTH(III)-MEDIATED ALLYLATION OF BENZALDEHYDE DIMETHYL ACETAL: AN 
ADVANCED EXPERIMENT IN ORGANIC SYNTHESIS & SPECTRAL ANALYSIS.  R. Crouch1, Anna 
Kreshock1, Michael Holden1;  1Dickinson College, Department of Chemistry, Carlisle, PA 

One version of the Sakurai Reaction forms homoallylic ethers via the titanium-mediated addition of 
allyltrimethylsilane to acetals or ketals.(1) Though useful, this method involves the handling of stoichiometric 
quantities of air-sensitive reagents, rendering it problematic in a teaching lab. A variation of the Sakurai reaction has 
been described utilizing catalytic amounts of BiCl3, an inexpensive, non-toxic and easy-to-handle reagent,(2) which 
directs the addition of allyltrimethylsilane to acetals of aldehydes to produce homoallylic ethers.(3) These 
compounds are of interest because their complex NMR splitting patterns allow partial analysis using Hoye´s 
method.(4) Described here is our version of such a Bi-mediated allylation reaction and a partial analysis of the NMR 
splitting patterns in the resultant product, allowing complete assignment of signals.  

 

  
123. INTRODUCTION TO FORENSIC SCIENCE:  CHEMISTRY FOR NON-MAJORS.  Helen Boylan1, Robert 

Paysen2, Milton Smith2;  1Westminster College, Dept. of Chemistry, New Wilmington, PA; 2Bethany College, 
Dept. of Chemistry, Bethany, WV 

Bethany College and, more recently, Westminster College have developed courses based on forensic science to meet 
the science requirement for non-majors. For chemistry majors, Introduction to Forensic Science also provides a 
gateway to a forensic science track within the major. This talk will focus on two different models for implementing 
forensic science into the college curriculum. At Bethany, Introduction to Forensic Science is a stand-alone course. 
At Westminster, forensics has been part of “cluster course” with an English class, Detective Fiction. In both models, 
emphasis is placed on case studies and investigation of crime scenes. Through Introduction to Forensic Science, 
students become familiar with the forensics process from the crime scene to the courtroom, and they also obtain 
hands-on experience performing various forensics techniques. We will present the scientific concepts that can be 
used in the study of significant forensics cases in history as well as current criminal cases. We will also present 
successful laboratory exercises that can be modified to give a forensics spin to General Chemistry or Analytical 
Chemistry laboratory experiences.     
  
124. THE EFFECTIVENESS OF SUPPLEMENTAL INSTRUCTION IN THE GENERAL CHEMISTRY 

CLASSROOM.  Nathaniel Grove1, Susan Dawkins1, Elisabeth Bell-Loncella1;  1University of Pittsburgh at 
Johnstown, Engineering & Science Building, Johnstown, PA 

Peer tutoring has always been an integral component of any academic assistance program. Many times, students feel 
intimidated asking professors for help and turn to fellow students when they need assistance. In classes like general 
chemistry, the demand for trained and qualified peer tutors is great. During the 2000-01 academic year, the Learning 
Resource Center (LRC) at the University of Pittsburgh at Johnstown (UPJ) received nearly 80 requests for academic 
assistance in general chemistry I. To accommodate this high demand, Supplemental Instruction (SI) was 
implemented in spring of 2000. Unlike more traditional techniques, a trained SI leader attends all classes, meets with 
the instructor on a weekly basis, and offers group tutoring opportunities for the students in the class each week. In 
the present study, evidence for the effectiveness of the SI program will be presented along with an overview of the 
activities and methods used during the sessions. 
  
125. FIRST IMPRESSIONS MATTER.  Joseph MacNeil1;  1Chatham College, Dept. of Chemistry, Pittsburgh, PA 
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First impressions can be lasting. With a limited number of hours to introduce a wide range of new concepts and 
techniques, the scheduling of first-year laboratories can overlook the fact that incoming students are nervous, lack 
self-confidence and often report bad previous chemistry experiences. In the ongoing refinement of our introductory 
chemistry sequence, we have designed and piloted a new lab that focuses on the importance of good observation and 
note-taking skills. Students work with their peers to perform, explain and document familiar chemical 
demonstrations using readily available household items. After their first week of lab they have acquired new skills 
they can use beyond the confines of the laboratory, providing them with an immediate sense of relevancy, reducing 
their trepidation and making them more receptive to the material that follows. 
  
126. INTERACTIVE QUESTIONS AND CALCULATIONS ALONG WITH VIDEO CLIPS IMPROVE 

STUDENT PERFORMANCE IN FRESHMAN CHEMISTRY LABORATORIES.  Kuruvilla Zachariah1, 
Jennifer Tatar1, Michael Hans1;  1Ohio University, Eastern Campus, 45425 National Road, St. Clairsville, OH 

Adequate knowledge of the experimental procedure is important to the successful completion of chemistry 
experiments in the freshman laboratories. Traditionally, students have been required to read the laboratory procedure 
and interpret the steps in their own way with some instruction provided during the pre-lab session. At Ohio 
University Eastern, we have tried to provide the students with video demonstration of the laboratory procedures in 
different formats. These student-produced videos have been made available to the students in the form of CD-ROMs 
in which video clips have been incorporated in presentation slides and as streaming video through the Internet. The 
presentation slides also have outlines of instructions on how to carry out the experiment as well as interactive 
questions and sample calculations to make the students think and recollect the important concepts related to the 
experiment. These steps have helped our students to understand the laboratory procedure and have led to better 
performance in the laboratory. 
  
127. SCIENCE QUEST: A SUCCESS STORY AT SETON HILL UNIVERSITY.  Susan Yochum1;  1Seton Hill 

University, 1 Seton Hill Drive, Greensburg, PA 

This poster will feature the SHU sponsored Science Quest Summer Camp for 7th –12th grade females. This women 
in science initiative has been in operation for ten years. Science Quest is a one week residential camp for females 
with a focus on doing science in a laboratory setting. All aspects of the program will be featured including program 
goals, daily schedule, Expert Group themes, laboratory activities with an emphasis on chemistry, assessment, 
recruitment, funding, and the role of chemistry majors as teachers and mentors. 
  
128. A REVIEW OF THE CRYSTALLOGRAPHIC/DIFFRACTION EDUCATION LITERATURE.  Steven 

DiMuzio1, William Snyder1, Allen Hunter1, Paul Szalay2;  1Youngstown State University, YSU Chemistry 
Department, 1 University Plaza, Youngstown, OH; 2Muskingum College, Muskingum College Chemistry 
Department, New Concord, OH 

Recent advances in crystallographic theory and software and data collection and computational hardware have 
facilitated the introduction of crystallographic/diffraction topics into an increasingly broad array of instructional 
settings.  These settings range from dedicated graduate level courses through modules suitable for preschool 
children.  Members of the Youngstown State University – Predominantly Undergraduate Institution Undergraduate 
Diffraction Consortium, YSU-PUI UDC, have been active in developing, testing, and disseminating such 
educational materials.  Many excellent text books exist covering most aspects of these topics, particularly at the 
advanced levels. These books range from specialized monographs aimed at crystallographic experts through general 
interest “picture” books aimed at preschool children.  Annotated listings of these books are available, especially on 
the WEB.  Similarly, excellent and comprehensive review articles on advanced crystallography/diffraction methods 
topics are available.  In excess of 500 papers have been published on the teaching of crystallography and diffraction 
methods.  In spite of this, no comprehensive annotated review of this crystallographic/diffraction education literature 
is available.  As an adjunct to our work on developing and evaluating new education materials on these topics, we 
are now completing such a review.  Based on our analysis of this educational literature, suggestions of areas where 
crystallography/diffraction methods topics are underutilized in the curriculum and for which new education research 
and materials development is needed will be presented. 
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129. REMOTE ACCESS AS AN ENABLING TECHNOLOGY FOR UNDERGRADUATE 
CRYSTALLOGRAPHIC/DIFFRACTION EDUCATION AND RESEARCH AT PUI CONSORTIA.  Allen 
Hunter1, Matthias Zeller1, Raymond Hoff1, Paul Szalay2;  1Youngstown State University, YSU Chemistry 
Department, 1 University Plaza, Youngstown, OH; 2Muskingum College, 319 Boyd Science Center, New 
Concord, OH 

Modern diffractometers are now less expensive to both purchase and maintain than are comparable research grade 
NMRs. Aspects of diffraction methods can be productively incorporated in classes ranging from dedicated graduate 
level offering down through basic laboratories for pre-college students and are becoming essential for many areas of 
chemical research.  In spite of this, most undergraduates, particularly those at Predominantly Undergraduate 
Institutions, PUIs, do not have “hands on” access to them via “in house” single crystal diffraction facilities.  An 
alternative access route is via participation in instrumentation consortia.  For many reasons, such instrumentation 
consortia designed to broaden access to research grade instrumentation at PUIs have typically had a mixed 
reputation, at best, with both funding agencies and PUI faculty.  However, this perception has recently begun to 
change because of the impact of the Internet on how such consortial facilities can be operated.  In particular, remote 
access software now allows users to control most features of a diffractometer as easily from across the country as 
from next to the instrument itself.  In addition, “webcams” originally designed for security applications allow real 
time audio and visual communication between the remote users and the host lab.  Indeed, a small handful of such 
remote access diffraction facilities built around such area detector equipped diffractometers are now operating in the 
US.  In this presentation, the formation and operation of one such facility, the Youngstown State University – 
Predominantly Undergraduate Institution Undergraduate Diffraction Consortium, YSU-PUI UDC, will be presented 
as a representative example.  The process of establishing, funding, and operating such a consortium and facility, 
examples of how it has impacted undergraduate teaching and research, and challenges and opportunities for the 
future will be presented. 
  
130. HANDHELD TECHNOLOGY IN THE UNDERGRADUATE CHEMISTRY LABORATORY.  Jack 

Randall1;  1Interlochen Arts Academy, 11461 Fredmar Drive, Interlochen, MI 

Handheld, portable, technology such as graphing calculators and personal data assistants are becoming increasingly 
more common in the undergraduate chemistry laboratory. Because of the prevalence of this technology in high 
school AP and IB programs, students find the transition to college chemistry lab work less daunting. 
  
131. DIFFERENCES IN EXPECTATIONS BETWEEN TEACHERS AND LEARNERS OF UNIVERSITY 

CHEMISTRY.  Nathaniel Grove1, Stacey Lowery Bretz2;  1University of Pittsburgh at Johnstown, RR 1, Box 
42-813, Flinton, PA; 2Youngstown State University, One University Plaza, Youngstown, OH 

Students' expectations for learning chemistry in the university classroom affect their attitudes, and ultimately, their 
overall success in general chemistry. To measure these expectations, a modified version of the MPEX (Maryland 
Physics Expectations) survey was developed and administered. The modifications were made to better reflect the 
differences between the disciplines of physics and chemistry. Respondents were asked to read 36 statements about 
learning chemistry and to rate their level of agreement or disagreement with each. Because the expectations of 
entering university students were of particular interest, the survey was given to incoming BS/MD students. Also of 
interest were any differences in expectations between such recent high school graduates and the expectations of their 
teachers, i.e., high school chemistry teachers. Accordingly, the survey was administered to area high school teachers 
participating in summer research experiences in the chemistry department. Findings from the survey analysis will be 
presented, along with directions for future research. 
  
132. PROGRESS TOWARD THE SYNTHESIS OF CYCLOPROPANE-CONTAINING ALPHA1A-

ADRENERGIC AGENTS.  R. Crouch1, Jennifer Zile1;  1Dickinson College, Department of Chemistry, 
Carlisle, PA 
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Progress in our efforts to prepare a series of cyclopropane-containing analogs of known alpha1A-adrenergic agonists 
will be described. These compounds are based on prevously-reported 2'-heteroaryl-2-(phenoxymethyl)imidazolines 
and contain a cyclopropane ring which replaces an oxymethylene link. These compounds will allow us to assess the 
importance of conformational flexibility in binding of the known agonists to receptors.  

 

  
133. Á-HALONITRILES: METALATED NITRILES BY METAL EXCHANGE.  Zhiyu Zhang1, Fraser 

Fleming2, Paul Knochel3;  1Duquesne University, 600 Forbes Ave, Pittsburgh, PA; 2Duquesne Univesity, 
Pittsburgh, PA; 3Ludwig-Maximilians-University, Butenandtstr. 5-13, Building F, Munich, Germany 

 á-Halonitriles rapidly undergo metal-halogen exchange with Grignard or alkyllithium reagents to give metalated 
nitriles for alkylation with diverse electrophiles. The metal-halogen exchange is extremely fast allowing the 
exchange to be performed in situ even with ketone and acylcyanide electrophiles. Details of the chemo- and 
stereoselectivity will be presented.    

 

  
134. MONOSACCHARIDE PLATFORMS FOR THE SYNTHESIS OF DIVERSE CHIRAL COMPOUNDS.  

Peter Norris1, Penny Miner1, Dan Kibler1, Rakesh Akula1;  1Youngstown State University, 1 University 
Plaza, Youngstown, OH 

Cyclic monosaccharides are attractive platforms for the 3-dimensional display of diverse functionality since they are 
conformationally quite rigid, are easily manipulated, and are often available in bulk. We are developing methods, 
including the use of polymer-supported reagents, that will allow us to rapidly exploit the available stereochemistry 
within simple cyclic monosaccharides to build complex 3-dimensional compounds in which the carbohydrate serves 
as the core platform. This presentation will discuss the rapid construction of amides, esters, imines and triazoles on 
mannofuranose and glucopyranose platforms. 
  
135. N-GLYCOSIDE SYNTHESIS USING MICROWAVE HEATING.  Peter Norris1, Tracey Myers1, Robin 

Hurt1, Sara Duncan1, Julia Sacui1, Shawn McKee1;  1Youngstown State University, 1 University Plaza, 
Youngstown, OH 

N-Glycosides occur widely in Nature, for example in nucleic acids and glycoproteins. Their synthesis is often 
complicated by anomerization in intermediate glycosyl amines, however methods have been developed to avoid 
such reactions, including the direct conversion of glycosyl azides to glycosyl amides using a modified Staudinger 
reaction. Glycosyl 1,2,3-triazoles, as well as glycosyl amides, are potentially useful linkers to attach carbohydrates 
in novel oligomers. This presentation will detail our application of microwave heating to speed the formation of both 
glycosyl triazoles and glycosyl amides. 
  
136. AROMATICS AS INHIBITORS AND AS CATALYSTS THAT CHANGE THE NATURE OF THE 

PRODUCTS IN THE REDUCTIVE LITHIATION OF CERTAIN SMALL RING N-HETEROCYCLES.  Ao 
Yang1, Theodore Cohen1;  1University of Pittsburgh, 219 Parkman Ave. RM1208, Pittsburgh, PA 
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While investigating the reductive lithiation/cleavage of N-phenylaziridine 1 and N-phenylazetidine 3 using aromatic 
radical-anions, two remarkable phenomena were discovered.       In the former case, it had been strongly implied in 
the literature that reductive cleavage was far more efficient when naphthalene was used as a catalyst in the presence 
of a large excess of lithium than when preformed lithium naphthalenide was used.  From a mechanistic point of view 
this seemed highly unlikely.  We have discovered the naphthalene is not a catalyst in this case but an inhibitor in the 
formation of N-ethylaniline 2.      In the latter case, either catalytic p,p´-di-tert.-butylbipheny (DBB) or the 
corresponding preformed lithium radical-anion leads, after protonation, to N-n-propylaniline 4 far faster than 
reaction occurs in the absence of catalyst.  Furthermore, in the absence of catalyst, the product consists of 4 and a 
nearly equal amount of the isomerization product 1,2,3,4-tetrahydroquinoline 5.     Mechanistic explanations for this 
behavior will be discussed. 

 

abstract 

  
137. SYNTHESIS AND REACTIONS OF BIS(2,2,2-TRIFLUOROETHYL)PHOSPHONOALKYNES.  John 

Jackson1, John Miller2, Jared Mike3, Ankit Patel4, Robert Kovach3;  1Youngstown State University, 
Department of Chemistry, Youngstown, OH; 2Allegheny College; 3Youngstown State University; 4University 
of Cincinnati 
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Improved methods of synthesis and purification of bis(2,2,2-trifluoroethyl)phosphonoalkynes have been developed. 
Conjugate addition to bis(2,2,2-trifluoroethyl)phosphonoalkynes using a number of various nucleophiles such as 
cuprates, and hydrides were explored. The utility of bis(2,2,2-trifluoroethyl)phosphonoalkynes as dienophiles in 
cycloaddition reactions has also been investigated.  

 

  
138. DE-NOVO SYNTHESIS OF OLIGOSACCARIDES USING PALLADIUM CATALYZED 

GLYCOSIDATION REACTION.  Satheesh Babu Ravula1;  1West Virginia University, 217 Clark Hall, 
Morgantown, WV 

Ravula Satheesh Babu, Maoquan Zhou and George A. O´Doherty  Department of Chemistry, West Virginia 
University, Morgantown,WV 26506-6045    The unnatural 1,6- and 1,4-a-L-manno-disaccarides and 1,6- and 1,4-a-
L-manno-trisaccarides were synthesized from furan alcohols using a palladium catalyzed glycosidation reaction.  
The 1,6- and 1,4-a-L-manno-disaccarides were achieved in 7 total steps starting from a furan alcohol.  Similarly, 
1,6- and 1,4-a-L-manno-trisaccarides were also synthesized in 9 total steps using a sequential palladium catalyzed 
glycosidation reaction.  Key to the overall efficiency of this process is the use of diastereoselctive Luche reductions 
and diasteroselective dihydroxylation reactions, in tandem.  
  
139. DE-NOVO SYNTHESIS OF GALACTO-PYRANOSIDES USING CONSECUTIVE SHARPLESS 

CATALYTIC ASYMMETRIC DIHYDROXYLATIONS.  Dennis Tomcik1;  1West Virginia University, 217 
Clark Hall, Dept. of Chemistry, Morgantown, WV 

Md. Moinuddin Ahmed, Dennis J. Tomcik and George A. O´Doherty Department of Chemistry, West Virginia 
University  Morgantown,WV 26506-6045    

 

  Continuing our group´s ongoing interest in carbohydrate synthesis by means of asymmetric catalysis, the denovo 
asymmetric synthesis of several galacto-pyranosides will be described. Our synthesis of various galacto-pyranoside 
systems relies on regioselective Sharpless catalytic asymmetric dihydroxylation followed by a subsequent matched 
diastereoselective dihydroxylation using the Sharpless reagent to establish the absolute and relative stereochemistry.  
This methodology was also successfully applied toward the synthesis of a galacto-papulacandin.  
  
140. ENANTIOSELECTIVE SYNTHYESES OF PHOMOPSOLIDE A-E AND ANALOGS.  Miasosheng Li1;  

1West Virginia University, 217 Clark Hall, Morgantown, WV 
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Miaosheng Li and George A. O´Doherty Department of Chemistry, West Virginia University Morgantown, WV 
26506-6045   

 

           An enantioselective approach toward the total synthesis of a Phomopsolide will be described.  The key steps 
involved the Sharpless catalytic asymmetric dihydroxylation on the dienone, followed by a Noyori catalytic 
asymmetric hydrogenation of a furyl ketone.  The resulting triols can be stereoselectively transformed into lactones 
via a diastereoselective oxidation and reductive sequence, which features an Achmatowicz reaction.            
  
141. PROGRESS TOWARDS THE TOTAL SYNTHESIS OF FR901464.  Brian Albert1, Ananthapadmanab 

Sivaramakrishna1, Kazunori Koide1;  1University of Pittsburgh, 219 Parkman Ave., 1218B Chevron Science 
Center, Pittsburgh, PA 

Significant progress has been made in the synthetic effort towards the total synthesis of FR910464, a potent inhibitor 
of solid tumor growth, in a convergent manner. The C9-C16 all-syn tetrasubstituted THP fragment has been 
synthesized starting from a L-threonine derivative via a lactone intermediate. The lactone in turn was prepared by 
two different pathways. The first pathway involved an acid-catalyzed, one-pot acetonide deprotection-lactonization 
reaction. The second pathway involved a ring-closing metathesis-allylic oxidation reaction sequence. The C9-C16 
fragment was prepared from the lactone using allylation and ferrier-type reduction of the lactol intermediate. The 
side chain was appended to the C9-C16 fragment by means of an amide formation. The C1-C6 tetrahydropyran 
(THP) ring was prepared starting from readily available achiral molecules. The initial chirality was introduced 
utilizing the Sharpless asymmetric epoxidation in high ee, and subsequent zinc-promoted vinyl addition into an 
aldehyde intermediate set the C4 stereocenter. Regioselective OsO4-catalyzed oxidation of the 1,1-disubstituted 
olefin over the monosubstituted olefin, and a (novel) highly stereoselective bromo-cyclization reaction was 
developed to afford the THP fragment. The synthetic scheme allows for easy access to various synthetic analogs for 
structure activity relationship (SAR) studies of FR901464 antitumor activity. 

 

  
142. INTERCALATION OF C60 FULLERENE USING TRANSITION METAL ORGANOMETALLICS; 

SUPERCONDUCTIVITY IN EXPANDED C60 TRANSITION METAL FULLERIDES.  Mildred Maguire1;  
1American Chemical Society, 51 W. College St., Waynesburg, PA 
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ABSTRACT  INTERCALATION  OF  C 6 0   FULLERENE  USING TRANSITION METAL 
ORGANOMETALLICS; SUPERCONDUCTIVITY  IN  EXPANDED  C 6 0 TRANSITION METAL  
FULLERIDES,  Kathleen Trimmer, Terri  Robison, Dr. Mildred Maguire,  Waynesburg  College,  Waynesburg,  PA  
15370  and  IIlia  Guzei,  Dr. Robert  West,  University of Wisconsin at Madison, Madison, WI  53706       
Heretofore, the highest superconducting transition temperatures, Tc ,  have been  obtained,  aside from the copper 
oxide based  ceramic superconductors, by intercalating   C60  with inert haloform  molecules as  CHCl3  and  
CHBr3   to  expand the lattice and increase the density of states (DOS) at the Fermi Level.  Such lattice  expansion 
has achieved superconducting transition temperatures of 117K.  This is in accordance with the well known BCS  
Theory of  superconductivity. Previous fullerene metal superconductors were those of the alkali metal fullerides  of  
A3C6 0.  In this family of metal fullerides the  maximum Tc  reached  was with Cs2 RbC60  but  Tc decreases with 
increasing lattice parameter. The  BCS Theory seems inappropriate  at higher lattice  parameters.      In our study,we 
have used solution phase methods to prepare similar cocrystals of  C60 fullerene and transition metal organometallic  
precursors. Partial X-ray  data indicate a simple cubic (sc) unit cell for a selected  4d block transition metal  C60  
with  a=b=c  and a lattice parameter pf 14.05Å. The crystal is superconducting to about 55K.  The fullerene  selected 
5d block transition metal superconductor retains its superconduction  characteristics  to about 140K but reverts to a 
paramagnetic at  this temperature up to room temperature. With the 5d transition metal,  preliminary data shows that 
a  M2Cl6  molecule generated in the synthesis with fullerene is well separated from C60 at a distance of about  9Å  
and acts as a spacer between C60 molecules to expand the lattice, as did previous haloform spacers investigated by 
other workers elsewhere.  Expansion of the lattice causes the crystal to revert to a paramagnetic.  Further structural 
investigation  are continuing with these crystals using  X-ray, elemental, and laser desorption mass spectrometric 
methods.     
  
143. AEROBIC AND ANAEROBIC DEGRADATION OF  ALKYPHENOL ETHOXYLATES:  NEW 

TECHNIQUES FOR THE QUANTIFICATION OF METABOLITES..  Kimberly Farah1;  1Lasell College, 
1844 Commonwealth Ave., Newton, MA 

Alkylphenol ethoxylates (APEs) are non-ionic surfactants, which were introduced in the 1940´s and are used for a 
variety of domestic and industrial purposes including paints, herbicides, cleaning products, household products and 
paper production. The most commonly used APE is nonylphenolethoxylate (NPnEO, where n=1 to 20 or more). The 
degradation products of APEs have a log octanol/water partition coefficient (log Kow) in the range of 4.12 to 4.48 
and as such have the potential to bioaccumulate. Breakdown products of the APEs include the alkylphenols, 
nonylphenols, and octylphenols, which are hydrophobic and tend to accumulate in sewage sludge and river 
sediment. Other degradation products are the short chain APEOs and carboxylic acid derivatives (APECs) which are 
more soluble. NP1EO, NP2EO, and 4-NP are toxic with a PNEC (predicted no effect concentration) of 0.33 ug/l NP. 
While the concentration of these compounds and their respective metabolites may be extremely low, there is concern 
that they may be acting as endocrine disruptors. Furthermore, volatilization of NPs from surface waters, which 
receive treated sewage effluents, may pose an ecosystem and human health issue. This paper reviews recent studies 
related to the quantification and biodegradation of alkylphenol polyethoxylates. There are only a small amount of 
studies that analyze the anaerobic degradation of these compounds. While municipal treatment plants typically 
operate under aerobic conditions, industrial treatment plants may use a combination of treatment schemes. 
Additionally, even in an aerobic treatment environment, some metabolites will ultimately end up as 
sludge/sediments and thus enter an anaerobic environment. The difficulty and time consuming nature of analysis for 
the above compounds has also led many investigators to pursue new analytical techniques for quantification of 
metabolites as well as to determine the overall estrogenic activity of a complex sample. These techniques are also 
presented in the paper as well as areas in which further research is needed. 
  
  

 
144. INSULIN-ENHANCING VANADIUM COMPOUNDS.  Chris Orvig1;  1University of British Columbia, 

Department of Chemistry, Vancouver, British Columbia, Canada 



   

 

71 
 

Vanadium has long been of interest to bioinorganic chemists and enzymologists.  More recently, this element has 
shown potential for a number of therapeutic applications, most of which have arisen as a byproduct of vanadate´s 
role as a biological probe of phosphate utilization, despite the on-going controversy concerning the essentiality of 
vanadium.  A number of vanadium compounds have been reported to have insulin-enhancing properties, most 
notably when administered orally (a route via which insulin is not active).  Still, gastrointestinal absorption of 
vanadium is usually poor and depends on the chemical nature, solubility, and speciation of the specific metal ion 
complex.  Little is known about the coordination properties of orally administered vanadium compounds in vivo, 
about the factors required to deliver vanadium to its ultimate site of action, or indeed where that site of action is.    
The orally effective therapeutic agent bis(maltolato)oxovanadium(IV) (BMOV) is a potent insulin-enhancing agent 
for the treatment of STZ-diabetic rats.   BMOV and its analogues have considerable reaction chemistry which has 
direct relevance to insulin-mimesis.  One analogue has completed phase I clinical trials in healthy subjects.    The 
preparations, reaction chemistry and structures of several of these compounds will be presented, along with pertinent 
EPR, 51V NMR, ESEEM, pharmacological and 48V biodistribution data, as well as a model for the uptake and 
distribution of vanadium.  
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ABSTRACTS 
   

145. HYBRID QUANTUM-CLASSICAL MOLECULAR DYNAMICS OF HYDROGEN TRANSFER 
REACTIONS IN ENZYMES.  Sharon Hammes-Schiffer1;  1Pennsylvania State University, 152 Davey 
Laboratory, University Park, PA 

A hybrid quantum-classical approach for the simulation of proton and hydride transfer reactions in enzymes will be 
presented.  This approach includes electronic and nuclear quantum effects, as well as the motion of the entire 
solvated enzyme.  It allows the calculation of rates and kinetic isotope effects for comparison to experiment and 
elucidates the fundamental nature of the nuclear quantum effects such as zero point energy and hydrogen tunneling.  
This approach also provides insight into the relation between specific enzyme motions and catalytic activity.    It 
distinguishes between thermally averaged motions that influence the activation free energy barrier and dynamical 
motions that influence the barrier recrossings.  The application of this approach to hydride transfer in the 
biochemically important enzyme dihydrofolate reductase will be discussed.  An analysis of the simulations leads to 
the identification and characterization of a network of coupled promoting motions that extends throughout the 
enzyme and involves motions spanning a wide range of timescales.  These coupled promoting motions represent 
conformational changes that occur during the reaction and correspond to the reorganization of the environment for 
the charge transfer process. 
  
146. MINING LARGE AND COMPLEX DATA SETS ARISING FROM MD SIMULATIONS.  Jeffrey 

Evanseck1, Sarah Mueller-Stein1, Anne Loccisano1, Steve Firestine1;  1Duquesne University, 308 Mellon 
Hall, 600 Forbes Avenue, Pittsburgh, PA 

The relationship between biological structure, dynamics and function is the target of many research efforts. A 
statistical method that mines exceedingly large and complex data sets from molecular dynamics (MD) simulations 
without relying upon prior knowledge will be described. The power of multivariate analysis will be illustrated upon 
two data sets evolving from carbonmonoxy myoglobin and DNA. Standard multivariate techniques is compared and 
contrasted to our novel method for statistical discovery. For the first time, genetic algorithms will be used to search 
for significant structure in MD data by identifying atoms that increase the clustering of the data in principal 
component plots developed from the distance matrix using an enhanced Hopkins statistic. 
  
147. CALIBRATING LIGAND-PROTEIN MODEL WITH VIBRATIONAL SPECTRA.  Maria Kurnikova1, 

Kirill Speranskyi1;  1Carnegie Mellon University, 4400 Fifth Ave, Pittsburgh, PA 

We performed the computational analysis of the ligand-binding domain (S1S2 domain) of the Glutamate Receptor 
(GluR2).  Interactions of the negatively charged ligand glutamate with the highly negative binding site are analyzed 
in a wild type protein and a E705D mutant using recently developed Molecular Dynamics/Continuum Electrostatics 
approach. Our analysis demonstrates the importance of the crystallographic waters in the binding center. To further 
characterize ligand-protein interactions we performed an IR normal mode analysis of the glutamate molecule using 
B3LYP/6-31(d) method. We considered the ligand bound in the protein, in vacuo and in bulk water. In accord with 
the experimental observations we predict a downshift of the C1 asymmetric stretching vibration and an upshift of the 
C5 asymmetric stretching mode. The predicted hydrogen bond formed between the ligand and the mutant protein 
could explain shifts in vibrational spectra observed in FTIR experiment. 
  
  

 
148. FORMATION OF MERCURY TO ENHANCE UNDERGRADUATE COMPUTATIONAL CHEMISTRY: 

ACCURATE PKA CALCULATIONS IN AQUEOUS SOLUTION, PROGRESS & CHALLENGES.  George 
Shields1;  1Hamilton College, 198 College Hill Road, Clinton, NY 
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In this talk I will first describe how formation of the MERCURY consortium has enhanced the undergraduate 
research programs at seven institutions across New York and New England. Formation of the consortium led to a 
successful NSF-MRI grant which has allowed the consortium to acquire high-performance computers, organize an 
annual conference, and invite undergraduates and their faculty mentors from across the U.S. and Canada to the 
annual meeting. We continue to seek out opportunities to enhance undergraduate research in computational 
chemistry throughout the nation. The second part of my talk will focus on recent efforts in my group to calculate 
accurate pKa values for various functional groups. Accurate results for carboxylic acids and substituted phenols will 
be presented. Issues that are central to accurate pKa calculations, such as the use of different thermodynamic cycles, 
standard states, the value for the free energy of hydration of the proton, accuracy of gas phase deprotonation 
reactions, and accuracy of free energy of hydration values for neutrals and ions will be discussed. This project was 
supported in part by NSF grant CHE-0116435 as part of the MERCURY supercomputer consortium 
(http://mars.hamilton.edu), by the Dreyfus Foundation, and by the ACS/PRF.    References (Undergraduate co-
authors indicated by asterisk)    1. Ann Marie Toth*, Matthew D. Liptak*, Danielle L. Phillips*, and George C. 
Shields, J. Chem. Phys. 114 (2001) 4595-4606.    2. Matthew D. Liptak* and George C. Shields, J. Am. Chem. Soc. 
123 (2001) 7314-7319.    3. Matthew D. Liptak* and George C. Shields, Int. J. Quantum Chem. 85 (2001)727-741.    
4. Emma K. Pokon*, Matthew D. Liptak*, Steven Feldgus, and George C. Shields, J. Phys. Chem. A 105 (2001) 
10483-10487.    5. Matthew D. Liptak*, Kevin C. Gross, Paul G. Seybold, Steven Feldgus, and George C. Shields, J. 
Am. Chem. Soc. 124 (2002) 6421-6427.   6.  George C. Shields, CUR Quarterly, 23 (2002) 80-81.   
  
149. TESTING SIMPLE MODELS OF PROTEIN FOLDING WITH COMPUTER SIMULATION.  Laura 

Thomas1, Jed Pitera2, Julia Rice2, Jeffry Madura1, William Swope2;  1Duquesne University, 308 Mellon Hall, 
600 Forbes Ave, Pittsburgh, PA; 2IBM Almaden Research Center, 650 Harry Rd., San Jose, CA 

The goal of the IBM Blue Gene project is to provide the computational resources to study protein folding.  Aside 
from hardware advances and development, another aspect of the Blue Gene initiative is the development of software 
to perform molecular simulations.  Large datasets will result from these simulations, which will necessitate the 
development of analysis software tools.  In particular, analysis of molecular dynamics trajectories from protein 
folding simulations to ascertain possible patterns involving observed quantities that can be used to monitor the 
folding process in a kinetically coherent way has been done.  Using 250 long NVE trajectories of a 14 amino acid 
hairpin that were started from various starting states, 50 properties of each conformation have been measured in 
order to observe what combinations of these properties are appropriate for relating to the kinetics of folding.  The 
algorithms developed and the results obtained from the analysis will be presented. 
  
150. THE KINETICS OF BIOLOGICAL INTERMOLECULAR ELECTRON TRANSFER DYNAMICS VIA 

BROWNIAN DYNAMICS.  Melissa Pasquinelli1, David Beratan1;  1Duke University, Paul M. Gross 
Chemical Laboratory, Durham, NC 

Many computational methods exist that simulate the interaction between biomolecules such as docking. Brownian 
dynamics methods are commonly used to calculate the bimolecular rate of protein-protein binding that is limited by 
diffusion. The kinetics of intermolecular electron transfer (ET) reactions can be regulated by diffusion or the ET 
process itself, and more advanced computational approaches are necessary to capture both kinetic regimes. Northrup 
et al. developed a Brownian dynamics method that enables the simulation of both diffusion and ET-controlled 
kinetic mechanisms. However, their method implements a simple, structureless description of the ET event called 
the distance dependent model that must also be parameterized in order to correspond to experiments. We are 
improving this Brownian dynamics approach by implementing more sophisticated models of ET. In particular, we 
are using descriptions of the ET process that take into account the protein structure, such as the PATHWAYS 
model. The PATHWAYS description of ET in conjunction with Brownian dynamics provides a useful 
computational tool for studying the kinetics of protein-protein interactions coupled to electron transfer. We are 
applying this methodology to investigate the effects of protein phosphorylation on the electron transfer kinetics in a 
mitochondrial steroid hydroxylase system, adrenodoxin (AdX) with its cytochrome P450 redox partners, CYP11A1 
and CYP11B1. 
  
151. KINETICS.  Loretta Buddendeck1;  1Centerville High School, 500 E. Franklin St., Centerville, OH 
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Reaction rates are taught through a combination of inquiry, demonstrations, labs and problem solving.  For both 
introductory high school chemistry and Advanced Placement Chemistry, the principles of kinetics are introduced 
through a series of interesting demonstrations (light sticks in water of different temperatures, burning iron in various 
forms, influence of a catalyst, etc.)  This is followed by discussions of the collision theory and a laboratory 
experiment.  For AP Chemistry, more in-depth relationships are developed through reading and discussion, 
especially of mechanisms.  The differential and integrated rate laws are taught through extensive problem solving, 
and the rate law for a particular reaction is determined in a student-designed experiment. 
  
152. GAS LAWS - MINI LABS.  Kathy Kitzmann1;  1Mercy High School, 29300 Eleven Mile Rd., Farmington 

Hills, MI 

Using "mini labs" (lab stations) is an excellent way to introduce many topics in first year chemistry.  The presenter 
will share ways in which she has used mini labs, with particular emphasis on Gas Laws Mini Labs. 
  
153. EXPLORATIONS IN POLYMERS - A CLASS PROJECT.  Fen Lewis1;  1Highland High School, 3880 

Ridge Rd., Medina, OH 

This talk presents a second semester project with the objective to study the ubiquitous polymer and to provide a 
unifying "chemistry in context" experience for the first year chemistry students.  After an introduction and a tour, 
students launch into a Polymer Scavenger Hunt.  This is followed by an Amazing Polymers assignment in which 
each group of students develops a project to focus on one aspect of the polymer.  Results of their projects are then 
presented to the class.  One advantage of this project is that it takes little class time, since students complete most of 
the individual projects on their own time. 
 
   
154. DEVELOPING OPEN-ENDED LABS FOR CHEMISTRY.  Julia Winter1;  1Detroit Country Day School, 

22305 West Thirteen Mile Road, Beverly Hills, MI 

Often chemistry labs are presented that give step-by-step instructions on how to perform laboratory activites 
followed by step-by-step instructions on calculating the results.  This cookbook method for teaching labs leaves 
students with very little chance for actual experimentation.  Lab exercises will be presented from three different 
chemistry classes at Detroit County Day School (Introductory, AP and Organic) that leave out certain steps in the 
procedure and/or the calculations to allow the students to find their own methods for solving the laboratory problem. 
  
155. CHEMISTRY MISCONCEPTIONS.  Annis Hapkiewicz1;  1Okemos High School, 2800 Jolly Rd., Okemos, 

MI 

The criticisms and suggestions for Improvement in the Advanced Study of Science in United States High Schools 
from the National Research Council's 2002 Report will be discussed.  Common misconceptions that chemistry 
students possess will be reported as well as strategies for helping these students reach scientifically acceptable 
conceptual understanding. 
  
156. MOLECULAR GEOMETRY.  Loretta Buddendeck1, Kathy Kitzmann2;  1Centerville High School, 500 E. 

Franklin St., Centerville, OH; 2Mercy High School, 29300 Eleven Mile Rd., Farmington Hills, MI 

The relationships between molecular shapes, polarities, and chemical behavior are often difficult for students to 
understand.  The VSEPR Model is explained in both the introductory and AP courses through the use of 
demonstration models made from balloons.  Angle distortions due to lone pairs are shown by using balloons of 
different sizes.  Student molecular models are extremely helpful for all students, especially for determining 
polarities.  Valence-bond theory, including hybridization and sigma and pi bonding are included in this unit for AP 
classes.  These topics are taught through class discussions and balloon models.  Reading and problem solving 
reinforce the lessons learned in class.  Through the use of molecular models, balloons,overhead transparencies and 
colored pens, the second presenter will share the method she uses to teach basic molecular shapes to her first year 
Chemistry students.  
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157. PROTEOME STARGAZING.  Jonathan Minden1;  1Carnegie Mellon University, 4400 Fifth Avenue, 

Pittsburgh, PA 

The scale of the genome sequencing projects pales in comparison to the goal of the various proteome projects. There 
are plans to search for protein changes in dozens of different tissues at dozens of different stages of development and 
dozens of different diseases from hundreds of samples and in the presence of thousands of different drugs and 
conditions. The number of possible experiments is truly staggering. There is great need to increase the rate of 
proteome analysis 10-100 fold, or more. We have developed a method, called difference gel electrophoresis (DIGE), 
to rapidly identify protein changes between two or three samples on the same two-dimensional electrophoresis gel. 
This method relies on fluorescently tagging all proteins in each sample with one of a set of matched fluorescent dyes 
that do not affect the relative mobility of proteins during electrophoresis. This method greatly reduces the 
complexity of the search for protein differences from several thousand proteins observed in the protein extract to 
several dozen candidate proteins that are significantly different between the samples. The challenges for proteome 
studies are to: (1) develop systems that can detect protein concentrations over a 10,000-fold range, (2) to 
automatically determine and rank protein changes between two or more samples, (3) to automate gel-to-gel 
comparisons to identify change signatures and (4) to increase the sensitivity of protein identification by a factor or 
100-1000. It is important to remember that the main mediator of cellular behavior is protein. Understanding how 
proteins direct cellular changes will be at the heart of learning how to control these changes, which will have an 
important impact on human health. 
  
158. NEW MASS SPECTRAL STRATEGIES FOR PROTEOMICS AND GLYCOMICS.  Catherine Costello1;  

1Boston University, Mass Spectrometry Resource, Dept. of Biochemistry, Boston, MA 

Mass spectrometry is already considered an essential element in proteomics studies and, indeed, the information 
gained by now-standard mass spectral approaches enables the identification of a very large fraction of the proteins 
encountered in typical 1- or 2-D gel separations. However, when it is necessary to fully characterize protein 
mixtures that contain posttranslationally modified proteins and/or proteins with unusual amino acid content, and to 
carry out the analyses with high sensitivity, the repertoire of approaches must be expanded.  In this presentation, 
recent instrumental and methodological strategies developed or refined in our laboratory will be described and their 
utilization for structural studies will be illustrated with examples from ongoing collaborations. Included among these 
techniques are microscale sample handling methods for digestion and derivatization, in combination with novel 
experimental approaches for matrix-assisted laser desorption/ionization (MALDI) and electrospray ionization (ESI)-
based MS and tandem MS analyses. 
  
159. PROTEOMICS AT THE UNIVERSITY OF PITTSBURGH.  Billy Day1;  1University of Pittsburgh, 721 Salk 

Hall, Pittsburgh, PA 

Proteomics has grown over the past few years from 2D gels and simple protein mass spectrometry to a high 
throughput/high information content science including such complex analyses as biological fluid profiling with 
protein identification and quantitation of post-translational modifications. Considerable investment in specialized 
personnel and instrumentation is necessary for these analyses. In an academic setting, the institution's overall need 
for such experimentation is arguably best served through a core laboratory. Over the past year, the University of 
Pittsburgh has invested considerable sum of money to implement its Proteomics Core Lab. Because of the depths of 
both the breadth and scope of research at this institution that could benefit from proteomics analyses, from basic 
biochemical to cell, animal and both clinical and epidemiological human-based studies, the instrumentation and 
personnel selected must be flexible in terms of analytical capacities and sample diversity, plus be capable of 
handling large numbers of samples. The proteomics approaches, instruments and personnel chosen by the 
Proteomics Core Lab will be discussed. Following the lead of our successful Genomics Core Labs, the Proteomics 
Core Lab has been established within a core administrative system to best serve the institutional community. This 
has not been without some pain, though, and these experiences will be outlined. In the end, the enormous mass of 
data that can be generated from proteomics must be mined in a wise way. Present statistical methods are not 
adequate for most of these studies and the new approaches being explored with internal collaborators will be 
outlined.  
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160. GENOME-SCALE ANALYSIS OF PROTEIN STRUCTURE, FUNCTION, & EVOLUTION.  Mark 

Gerstein1;  1Yale University, MB&B Dept., PO Box 208114, New Haven, CT 

My talk will address two major post-genomic challenges: trying to predict protein function on a genomic scale and 
interpreting intergenic regions. I will approach both of these through analyzing the properties and attributes of 
proteins in a database framework. The work on predicting protein function will discuss the strengths and limitations 
of a number of approaches: (i) using sequence similarity; (ii) using structural similarity; (iii) clustering microarray 
experiments; and (iv) data integration. The last approach involves systematically combining information from the 
other three and holds the most promise for the future. For the sequence analysis, I will present a similarity threshold 
above which functional annotation can be transferred, and for the microarray analysis, I will present a new method 
of clustering expression timecourses that finds "time-shifted" relationships. In the second part of the talk, I will 
survey the occurrence of pseudogenes in several large eukaryotic genomes, concentrating on grouping them into 
families and functional categories and comparing these groupings with those of existing "living" genes. In particular, 
we have found that duplicated pseudogenes tend to have a very different distribution than one would expect if they 
were randomly derived from the population of genes in the genome. They tend to lie on the end of chromosomes, 
have an intermediate composition between that of genes and intergenic DNA, and, most importantly, have 
environmental-response functions. This suggests that they may be resurrectable protein parts, and there is a potential 
mechanism for this in yeast. 
  
161. TAKING A RETROSPECTIVE LOOK AT MICROARRAYS - FROM PULMONARY FIBROSIS TO 

MULTIPLE SCLEROSIS.  Naftali Kaminski1;  1University of Pittsburgh Medical Center, 3459 Fifth Avenue, 
Pittsburgh, PA 

The completion of the human genome project and the advent of innovative technologies that utilize genomic scale 
information for biological and medical research open up new horizons for biological and medical research. 
Experiments utilizing these technologies are aimed at generating new hypotheses and challenging concepts and 
paradigms regarding the nature and mechanisms of a biological process or medical condition. Oligonucleotide 
microarrays allow the simultaneous profiling of the expression of thousands of genes, potentially whole genomes. 
The main successful application of microarrays to translational research has been in cancer research were gene 
expression patterns predictive of prognosis and metastatic spread have been identified in hematological 
malignancies and in breast and lung cancer. A common characteristic of all the post-genomic technologies is their 
dependence on advanced computational methods for data analysis and presentation. Another (often overlooked) 
prerequisite for the successful application of post-genomic technologies to human disease is the availability of well 
preserved human samples at carefully characterized stages of the disease studied. We have applied oligonucleotide 
microarrays to the analysis of diseases tissues as well as to more accessible peripheral tissues where gene expression 
patterns may serve as surrogate markers for disease stage and activation. In lung samples obtained from patients 
with human idiopathic pulmonary fibrosis we discovered previously unrecognized coordinated upregulation of 
matrix metalloproteinases and identified matrilysin (matrix metalloproteinase 7) as a key regulator of lung fibrosis in 
mice and humans. In peripheral blood of smokers we identified a transcriptional signature that correlated with the 
presence of lung cancer while in multiple sclerosis we identified a transcriptional signature that distinguished 
different disease stage and therapy. Our results suggest that gene expression patterns when applied to either diseased 
or surrogate tissue are highly indicative of the biological behavior of the disease and may serve as translational tools 
for disease detection and management.  
  

 
162. ACHIEVING ROBUST DECORATED PLASTIC COMPONENTS IN THE AUTOMOTIVE INDUSTRY.  

Rose Ryntz1;  1Visteon Corporation, 401 Southfield Rd., Dearborn, MI 
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The use of thermoplastic poly(olefins) in the automotive industry continues to proliferate due to their decreased cost 
and weight and increased recyclability in comparison to thermoplastics such as poly(carbonate) alloys or 
poly(urethanes). An attribute that continues to hamper the widespread introduction of thermoplastic poly(olefins), in 
particular thermoplastic olefin (TPO, a blend of impact copolymer and elastomer), into additional automotive 
components however, is it's poor surface wettability and adhesion, and scratch resistance and cohesive integrity 
when abraded. A newly developed compressive shear device (CSD), in addition to impact, scratch and adhesion 
testing protocol, can be utilized to determine the "weak" link in a painted plastic. This testing regiment has had 
significant impact on the choice of topcoat, adhesion promoting primer formulation, or substrate in a particular 
automotive application, where key life requirements mandate 10-year durability. Descriptions of these methods and 
explanations of the key findings in the analysis of painted and unpainted plastics will be discussed. 
  
163. DIFFUSE UV CURE IN THE AUTOMOTIVE COATINGS INDUSTRY:  FACT OR FICTION?.  Michael 

Dvorchak1, Stephanie Strazisar1;  1Bayer Polymers, LLC, 100 Bayer Rd., Pittsburgh, PA 

During RADTECH International 2002 conference very little was said publicly about the use of Diffuse UV (D-UV) 
cure in automotive applications. Many in industry do not believe that this technology concept is real. By the term 
diffuse UV light we are referring to several recently developed lights that are very rich in the UV A band width and 
minimal output in the UV B and UV C. This technology allows the user of these UV lamps the ability to cure 
coatings without the traditional shielding that is so prevalent in the current UV cure industry. Current literature 
studies have uncovered three systems that have been developed for the Automotive Industry: two European and one 
US developed system. This paper will describe the scope of this technology reviewing the use of Diffuse UV Cure 
and how it relates to the performance of cure under various Diffuse UV Cure units. The ability to get proper 
performance requires polymer technology that is responsive to this low energy dose with minimum amount of free 
radical oxygen inhibition. Primer and Clear Coat system response will be described on how they relate to the D-UV 
cure units in this new budding market. In addition, due to the complexity of the experiments we will employ high 
throughput experimentation (Miniaturized, Automated, and Parallel experimentation - MAP). 
  
  

 
164. SYNTHESIS OF URETHANE/ACRYLIC HYBRID NANOPARTICLES VIA A MINIEMULSION 

POLYMERIZATION PROCESS.  Mei Li1, Eric Daniels2, Victoria Dimonie2, E. Sudol2, Mohamed El-
Aasser2;  1Carnegie Melon University, 4400 5th Ave., Pittsburgh, PA; 2Lehigh University, Iacocca Hall, 111 
Research Dr., Bethlehem, PA 

Miniemulsion polymerization technique has showed great advantages in the preparation of hybrid or encapsulated 
latex particles by generating small, homogenous, and stable monomer droplets that contain polymer precursor or 
inorganic material by means of miniemulsification prior to polymerization. Herein, nanosized PU/acrylic hybrid 
latex particles (~50 nm) with various compositions were successfully synthesized using a redox-initiated 
miniemulsion polymerization process. A suitable chain extension process was developed, where a hydrophobic 
chain extender was used to introduce intraparticle crosslinking while also maintain the small particle size of the 
obtained hybrid latexes. The ratio of PU to acrylic monomer had little influence on the particle size of the final 
latexes compared to the seeded emulsion polymerization process. Investigation of the mechanical properties of the 
resulting films indicated that the intimate molecular mixing of the PU and acrylic component was achieved in the 
hybrid system, while two-phase composite behavior was observed in the corresponding blend system. 
  
165. RECENT ADVANCES IN FILM FORMATION OF 2K WATERBORNE POLYURETHANES: IMAGING 

AND MODELING.  Marek Urban1;  1University of Southern Mississippi, Box 10076, Hattiesburg, MS 
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It is well-known that polyurethane film formation, in particular of water-borne two component systems (WB 2K-
PUR), represents a number of challenges and processes involved in crosslinking reactions are quite complex. This 
presentation will focus on challenges leading to polyurethane/polyurea compositional gradients, the effect of water 
on molecular surface entities leading to specific morphological features, quantitative aspects of micro-phase 
separation, and polyurethane durability. Internal reflection infrared imaging (IRIRI) measurements combined with 
thermal-atomic force microscopy measurements indicate the formation of crosslinker-rich regions and evenly 
distributed hydrophobic microdomains that exist near the film-air (F-A) interface. The effect of relative humidity as 
well as temperature on the microphase formation and separation will be discussed in the context of modeling using 
Monte Carlo computer simulations for WB 2K PURs. These studies show that the rate losses of water and 
neutralizing agents strongly influence microphase separation and evolution of surface topographical features, thus 
resulting in a metastable thermodynamic state at the intermediate stages of film formation. This stage is followed by 
the enhanced polyol mobility due to hydroplasticization elevated temperatures which facilitate dynamics for 
microphase separation at the later stages.  
  

 
166. MOLECULAR AND BIOMOLECULAR INTERFACES TO GROUP IV SEMICONDUCTORS.  Robert 

Hamers1;  1University of Wisconsin-Madison, Department of Chemistry, Madison, WI 

Hybrid interfaces of organic and biological molecules with Group IV semiconductors are of great importance in new 
and emerging technology areas such as organic/molecular electronics and bio-electronics.  While the electrical 
properties of organic semiconductors such as pentacene have long been of great interest in microelectronics, there is 
now increased emphasis on understanding the electrical properties of biological molecules and their interfaces.  
Research into bioelectronic interfaces is driven largely by applications in real-time biological sensing as well and by 
the fact that biological interfaces can serve as model systems for understanding information storage and processing 
in biological systems. The reaction between a vinyl groups and a semiconductor provides a clean way to form well-
defined molecules structures linking semiconductors with more complex molecular and biomolecular systems.  In 
vacuum, reactions of vinyl groups with semiconductor surfaces can produce well-ordered monolayer films.  To link 
more complex systems such as biomolecules to semiconductors, vinyl groups can be reacted with semiconductor 
that have been chemically passivated with hydrogen and initiating the reaction using ultraviolet light. The resulting 
functionalized monolayer films exhibit many desirable properties and can be used as a starting point for a wide 
variety of chemical and biochemical modification processes.We have recently been investigating the electrical 
properties of semiconductors modified with biological molecules using electrical impedance measurements over a 
wide frequency range, from <0.01 Hz to several Megahertz.  Our results show that it is possible to directly detect 
biological processes such as DNA hybridization and protein binding using these electrical measurements.  By 
analyzing the frequency-dependent electrical response it is possible to separate the changes in electrical properties of 
the semiconductor, the molecular interface, and the solution, and thereby to glean additional insight into the physical 
processes that give rise to the observed behavior.  These electrical measurements can also serve as the basis for 
direct electrical detection of biological binding events such as DNA hybridization and protein binding with high 
sensitivity.In this talk I will discuss some of our recent work intefacing molecular and biomolecular systems to 
surfaces of silicon and diamond.    
  
167. SELF ORGANIZATION ON METAL SURFACES.  John Yates1;  1University of Pittsburgh, Room 234, 

Chevron Science Center, Pittsburgh, PA 

The chemisorption of several rather large organic molecules on the Cu(110) single crystal surface has been studied 
in detail using electron stimulated desorption. Each molecule contains an “anchor” group which participates as a 
center for chemisorption. It has been found that the major ionization process involves the ejection of H+ ions from 
the outward directed C-H bonds; the direction of H+emission is closely related the C-H bond direction. Thus, one 
can learn the configuration of the adsorbed organic molecule on the surface from this information. We have 
investigated several anchored rigid-ring aromatic organic species, observing intermolecular interactions that cause 
the rings to twist and tilt relative to the normal and to the crystal axes as intermolecular interactions build up on the 
surface. This information is useful in describing the first stages of the buildup of self assembled layers on surfaces 
and in the understanding of molecules useful in molecular electronics.    Work supported by DOE-BES and The 
William M. Keck Foundation   
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168. CHEMICAL DYNAMICS AT METAL SURFACES:  THE ROLE OF ELECTRONIC EXCITATIONS.  

John Tully1;  1Yale University, Department of Chemistry, New haven, CT 

Conventional molecular dynamics simulations are inadequate to describe chemical processes at metal surfaces 
because conduction electrons are readily excited ("electron-hole pairs") or transferred; i.e., the Born-Oppenheimer 
approximation is invalid.  This talk will discuss recent efforts to incorporate electronic transitions self-consistently 
in an otherwise classical mechanical molecular dynamics framework.  The non-adiabatic couplings responsible for 
electron-hole-pair transitions are recast in the form of frictions and fluctuating forces.  The frictions and fluctuating 
forces are computed ab initio using both Gaussian and plane-wave bases.  Application of the method to elucidate the 
roles of electronic vs. phonon dissipation on vibrational lifetimes, inelastic scattering, and sticking will be presented, 
with comparisons to experiment. In addition, applications to femtosecond laser induced desorption and to single 
molecule vibrational spectroscopy in the scanning tunneling microscope will be described. 
  
169. CONTROLLING CATALYTIC PROPERTIES OF BIMETALLIC SURFACES.  Jingguang Chen1;  

1University of Delaware, 332 Colburn Lab, Department of Chemical Engineering, Newark, DE 

The primary focus of our research group is to identify novel catalytic materials through combined surface science 
and catalysis studies.  We will describe our recent results on the novel electronic and catalytic properties of Ni-Pt 
bimetallic nanostructures that are synthesized by depositing Ni on a Pt(111) surface.  We will present our atomic-
level surface science results regarding the unique low-temperature chemistry on the Ni/Pt(111) surface at a Ni 
coverage of one monolayer.  We will then describe the determination of the electronic and physical structures of the 
monolayer Ni/Pt(111) surface using spectroscopic measurements and DFT modeling.  Finally, we will discuss our 
efforts to use surface science results as guidance to synthesize similar Ni-Pt nanostructures on high surface-area 
catalytic supports. 
  
170. IMINOPHOSPHORANE CATALYZED IMINE METATHESIS.  Tara Meyer1, Matthew Burland1;  

1University of Pittsburgh, 219 Parkman Ave., Pittsburgh, PA 

Iminophosphoranes had been previously shown to be effective catalysts for the metathesis of C=N bonds in 
carbodiimides. We have extended the iminophosphorane methodology to the metathesis of imine C=N bonds.  The 
reactivity of iminophosphoranes with imines is not straight forward and a number of competing reaction pathways 
exist. We have found evidence, however, that an [2+2] addition/elimination pathway is accessible and this discovery 
provides a precedent for the development of the next generation of iminophosphorane based imine metathesis 
catalysts. 
  
171. TRANSFORMATION OF CN MULTIPLE BONDS WITH MAIN GROUP ELEMENT COMPOUNDS..  

Darrin Richeson1, Sean Barry1, Patrick Bazinet1, Stephen Foley1, Tiow-Gan Ong1, Glenn Yap1;  1University 
of Ottawa, P.O. Box 450 Stn A, Ottawa, ON, Canada 



   

   

56 
 

The ability of main group element compounds to perform as outstanding catalysts for the transformation of 
substrates with CN multiple bonds will be presented. For example, we have prepared several group 14 species that 
will catalytically cyclotrimerize a variety of functionalized isocyanates to yield perhydro-1,3,5-triazine-2,4,6-triones 
(isocyanurates) at room temperature (Scheme 1). These efforts have recently expanded to include the 
oligomerization of cyanamides. In the case of dimethylcyanamide, a cyclotrimerization reaction with an aluminum 
catalyst leads to hexamethylmelamine.  

 

abstract fig 

  
172. SYNTHESIS OF BIODEGRADABLE POLYMERS USING BETA-DIIMINATE ZINC COMPLEXES.  

Geoffrey Coates1;  1Cornell University, Baker Laboratory, thaca, NY 

New catalysts for the preparation of biodegradable polyesters and polycarbonates using beta-diiminate zinc 
complexes will be described. In the first part of the presentation, a new generation of catalysts for the synthesis of 
polycarbonates from carbon dioxide and epoxides will be presented. These catalysts are unique due to their 
extremely high activity and their living behavior. In the second part of the paper, catalysts for the conversion of 
lactide to poly(lactic acid) will be introduced. By using the ligand to modify the environment of the active metal 
center, the unprecedented syndiotactic, heterotactic, and stereoblock microstructures have been prepared. Finally, 
new catalysts for the polymerization of beta-lactones to a naturally occurring class of biodegradable polymers, 
poly(3-hydroxyalkanoates), will be presented. 
  
  

 
173. POLYMERIZATIONS, COPOLYMERIZATIONS OF CYCLIC ESTERS AND ETHERS EMPLOYING 

SINGLE-SITE METAL ALKOXIDE CATALYST PRECURSORS (MG, CA, ZN, AL AND SN).  Malcolm 
Chisholm1;  1Ohio State University, 100 W. 18th Avenue, Columbus, OH 

Recent syntheses of complexes of the form LMX where X = an amide or alkoxide and L = a bulky 
trispyrazolyborate or a β-diiminate ligand with attendant ether substituents are described. With this suite of ligands, 
the compounds LMX may be three, four or five coordinate, and examples of each are seen for M = Zn, Mg and Ca, 
respectively. In competition experiments, the rate of ring-opening of lactide and related cyclic esters is shown to be 
Ca > Mg > Zn. These compounds do not ring-open propylene oxide, PO, or cyclohexeneoxide, CHO and a 1:1 
adduct of calcium of the form LCaX(PO) has been fully characterized where X = O-2,6-iPr2C6H3 and L = η3-
TptBu. When X = an amide, ring opening of PO can occur by allylic H atom abstraction. The reactivity of 
tetraphenylporphyrin AlX and (Salen*)A1X where X = Cl or OR are compared toward PO ring-
opening/polymerization and toward PO + CO2 copolymerization. Some aspects of the mechanism of the 
copolymerization of PO + CO2 will be described based on detailed 1H and 13C NMR studies and structural work. 
The ring-opening polymerization of lactide by Ph2SnX2 where X = OPri and NMe2 has been shown to exhibit an 
unusual end group effect as a result of the thermodynamic stability of the SnOCHMeCONMe2 group. This has 
allowed the development of a synthetic procedure for the production of cyclic polylactide cPLA by the use of 
supported [Sn]-NMe2 catalysts. The cPLA is released into solution as a result of intrachain trans-esterification. 
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174. UNUSUAL CATALYTIC CHLORINE ATOM TRANSFER PROCESS.  John Protasiewicz1;  1American 
Chemical Society, 10900 Euclid Avenue, Cleveland, OH 

Details are presented of an unprecedented equilibrium chlorine atom exchange reaction between ArPCl2 and 
phosphanylidene-σ4-phosphoranes ArP=PR3, where Ar is a sterically encumbered aryl.  Measurement of 
equilibrium constants allows a novel and systematic means to assess steric pressure imposed by these bulky aryls.  
Mechanistic studies have revealed that the transfer process is catalyzed by trialkylphosphines. 
  
175. BIOMOLECULES@SOFT INTERFACES:  THE CONTINUING CHALLENGE OF BRIDGING LENGTH- 

AND TIME-SCALES..  Michael Klein1;  1University of Pennsylvania, 231 S. 34 Street, 102 LRSM, 
Philadelphia, PA 

The talk will review efforts to use computer simulation methodologies to study self-assembling molecular systems. 
It will highlight the topical theme of  "bridging length and time-scales" using so-called coarse grain models and also 
stress the continuing need for high performance computing. Examples, will include the spontaneous formation of 
various (lamellar, cylindrical) phases of phospholipid systems and the their interaction with "guest" species such as 
amphiphilic polymers and various nanotubes. 
  
176. MONTE CARLO SIMULATIONS OF MOLECULAR CLUSTERS.  Kenneth Jordan1, Richard Christie1, 

Hanbin Liu1;  1University of Pittsburgh, Dept. of Chemistry, Pittsburgh, PA 

Molecular clusters tend to have complex potential energy surfaces, often separated by high energy barriers making 
attainment of equilibrium challenging for Monte Carlo or molecular dynamics simulations. We discuss the use of 
parallel tempering, generalized ensemble, and combined parallel tempering/generalized ensemble Monte Carlo 
methods for characterizing the finite temperature behavior of (H2O)n and other molecular clusters. We also describe 
the coupling of an n-body decomposition procedure for carrying out MP2-level Monte Carlo simulations of small 
water clusters. 
  
177. NEW DIRECTIONS IN THE STUDY OF WATER IN CLUSTERS, ICE, AND IN NANOCHANNELS.  

Hyung Min Cho1, Wei Zhu1, Lars Ojamae2, Tomas Hirsch2, Cristian Ciobanu3, Sherwin Singer1;  1Ohio State 
University, 100 West 18th Avenue, Columbus, OH; 2Linkoping University, SE-581 83, Linkoping, Sweden; 
3Brown University, Providence, RI 
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We have recently made advances in the study of neutral and protonated aqueous systems. Starting with the smallest 
systems, we have used quantum Monte Carlo techniques to calculate a very accurate value of the zero point energy 
of H5O2+, as described by the OSS3 potential, which provides a benchmark for approximate calculations by other 
research groups. High accuracy is achieved in this calculation through the use of a very flexible guiding function, 
the use of computational symbolic algebra methods to implement the flexible trial form, and the use of a parallel 
computational platform. The flexible trial function also allows us to calculate the energies of certain excited 
vibrational levels using the method of Bernu and Ceperley. Hydrogen bonding in larger water clusters is analyzed. 
We have discovered that autoionization, forming spatially separated H+ and OH-, is surprisingly facile in certain, 
seemingly unremarkable cluster geometries. Certain hydrogen bond patterns lead to zwitterionic structures of 
usually stability, like the one shown here. 

 

Zwitterionic (H2O)20 

 The analysis of hydrogen bond arrangements can also be applied to ice-Ih, ordinary ice, where we have carried out 
a series of periodic density functional theory calculations. Finally, if time permits, some recent results on fluid flow 
in nanochannels will be presented. 
  
178. A RIGOROUS TOOL FOR EFFICIENT ANALYSIS OF FREE ENERGY DATA.  F. Ytreberg1, Daniel 

Zuckerman2;  1University of Pittsburgh, 200 Lothrop St., W1055 BST, Pittsburgh, PA; 2University of 
Pittsburgh 

Free energy differences (delta G) are fundamental to the description of solubilities and protein-ligand affinities. In 
an effort to generate computational delta G estimates more efficiently for large systems, "fast-growth" calculations 
utilizing Jarzynski's equality have been explored by a number of groups. The results, however, have been 
disappointing; the intrinsically non-linear character of the calculations prevents rapid and reliable convergence. 
Here, we present a new analysis of fast-growth free energy data from a range of molecular and model systems. The 
results suggest that good delta G estimates might be obtainable from smaller data sets than previously seemed 
possible. The approach is based on rigorous analytical calculations. 
  
  

 
179. DIMENSIONAL STRATEGIES IN BARRIER AVOIDING MINIMIZATION ALGORITHMS.  Alexander 

Bayden1, Kenneth Jordan1;  1University of Pittsburgh, Eberly Hall 339, Pittsburgh, PA 

Potential energy minimization is an important topic in computational chemistry.  Recently Faken et al. proposed a 
novel algorithm for finding global minima of Lennard-Jones clusters.  The key to this algorithm is the realization 
that the complexity of the potential energy surface decreases as one artificially increases the dimensionality of the 
system and that barriers separating local minima can be avoided by "walking" in higher dimensional spaces.  We 
have improved the algorithm of Faken et al. and have explored how the performance of this algorithm depends on 
the number of extra dimensions used. 
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180. RAPID SIMULATION OF PROTEIN CONFORMATIONAL TRANSITIONS.  Arun Setty1, Daniel 
Zuckerman1;  1University of Pittsburgh, W1055 Biomedical Sciences Tower, 200 Lothrop Street, Pittsburgh, 
PA 

Despite the vast array of structural knowledge now available, little is known about the large-scale conformational 
fluctuations and transitions through which many proteins function.  We therefore present an extremely rapid 
simulation protocol for studying conformational dynamics on large time and length scales.  For the 72-residue lobes 
of calmodulin, the new protocol yields full-scale structural transitions more than once per day using single-processor 
simulation.  The results, moreover, exhibit surprisingly strong agreement with NMR data on conformational 
fluctuations.  The approach employs united-residue models and fine-grid discretization. 
  
181. MAPPING THE ELECTRON DENSITY TO THE ELECTRON PAIR DENSITY: A SEMIEMPIRICAL 

TREATMENT OF CORRELATION FOR DENSITY FUNCTIONAL THEORY.  Benjamin Janesko1;  
1Carnegie Mellon University, Box 87, Mellon Institute, 4400 Fifth Avenue, Pittsburgh, PA 

One of the principle theoretical issues in density functional theory is the need to approximate the effects of electron-
electron correlations (dispersion). Electron correlation is conveniently expressed as the part of the two-electron 
density (electron pair density) that cannot be factorized into a product of one-electron densities. While the 
correlation energy is a very complex functional of the one-electron density, we suggest that a small (sub)system's 
pair density may be approximated as a simple functional of its one-electron density.  We fit several semiempirical 
functionals which approximate a subsystem's pair density as a function of its one-electron density. These 
approximate subsystem pair densities can be summed into reasonable estimates of a large system's pair density. We 
show that subsystem pair density functionals can be parametrized from calculations on the subsystem in simple 
model environments. Semiempirical pair density functionals may provide a novel method for including intra- and 
potentially inter-subsystem dispersion interactions in density functional theory. 
  
182. DNA BENDING BY BULKY GROUPS IN THE MINOR GROOVE.  Anne Locissano1, Steve Firestine1, 

Sarah Mueller-Stein1, Jeffrey Evanseck1;  1Duquesne University, 308 Mellon Hall, 600 Forbes Avenue, 
Pittsburgh, PA 

A combined computational and experimental effort has been undertaken, where a combination of computations and 
experiment is used to investigate empirically the hypothesis that bulky groups in the minor groove will induce bends 
in DNA.  Bulky groups are introduced into the minor groove by modified polyamide derivatives, which have been 
recently parameterized for the CHARMM force field.  Insertion of sterically demanding groups is also accomplished 
by chemical modification of a specific nucleotide such that the bulky group is correctly oriented and placed into the 
minor groove.  A modified 24-mer (5´-d(TCGCATCGCATGTATGCGGCGCAT)-3´) of DNA has been modeled. 
We propose to compute the exact changes in structure and energy using molecular dynamics simulations. Thus far, 
the natural oligonucleotide has been examined using CHARMM. Other chemical groups have been inserted and 
evaluated to assess their effects on the dynamics and bending of DNA.  Modified and non-modified 24-mers will be 
synthesized.  The products will be purified, and oligonucleotide bending will be confirmed using fluorescence 
resonance energy transfer. 
  
183. DEVELOPMENTS IN NMR SPECTROSCOPY IN THE PITTSBURGH SECTION.  Gordon Rule1;  

1Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 
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This presentation will outline the history of NMR spectroscopy in the Pittsburgh area. Notable highlights include the 
development of high-field magnets, novel methods of data acquisition and processing, as well as the use of 
magnetically induced molecular alignment for structure determination.  Although the impact of these developments 
was significant at the time of their introduction, many of these techniques have lead to revolutionary advances in 
contemporary biomolecular NMR.  

 

magnet 

 Fig 1. Coil design for a 21 T NMR magnet. Adv Cryo Eng, (1992) 37,361. 
  
184. CHEMICAL COMPUTATIONS AND THE PITTSBURGH SUPERCOMPUTING CENTER.  David 

Yaron1;  1Carnegie Mellon University, Department of Chemistry, Pittsburgh, PA 

The Pittsburgh Supercomputer Center (PSC) was established in 1986. A year later, it received the first NIH award to 
be given for supercomputing in biomedical research, thereby launching its long support for research in this area. 
This talk will explore the impact of the PSC on computational chemistry over the past 17 years. The computing 
machines made available to chemists through the PSC trace the history of supercomputing from the early Cray X-
MP (1986) and Y-MP (1990), to the 1991 demonstration of “superlinear” speed up on a heterogeneous 
supercomputer system (the Y-MP and connection machine CM-2), to the world´s first installations of a CRAY T3D 
(1993) and T3E (1996), to the present-day Terascale installation. This talk will follow the computations enabled by 
these various generations of hardware, to explore how the PSC has influenced the techniques and goals of 
computational chemistry. 
  
185. A SHORT HISTORY OF OPTICAL SPECTROSCOPY IN PITTSBURGH.  Foil Miller1;  1American 

Chemical Society, 1300 Bower Hill Road, Apt. 1215, Pittsburgh, PA 

The Pittsburgh area has a long and distinguished record of contributions to optical spectroscopy. This talk will 
survey them, starting with the work of David Alter in 1854 and extending to the present. Contributions by Alter, 
Samuel P. Langley, John Brashear, and Keivin Burns will be emphasized, but those of many other individuals will 
be included. 
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186. A HISTORY OF POLYMER SCIENCE IN THE MELLON INSTITUTE.  Gary Patterson1;  1Carnegie 
Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 

The Mellon Institute for Industrial Research was founded in 1913 to foster progress in science and technology.  The 
ideas of Robert Kennedy Duncan were implemented by the Mellon family in Pittsburgh.  The growth of the 
institution was influenced by Edward R. Weidlein, the Director of the Institute for more than 30 years.  One of the 
landmarks in the history of the Mellon Institute was the construction of the building at 4400 Fifth Avenue (1937), 
which provided facilities for all aspects of a modern research enterprise.  There were a few Industrial Fellowships 
that studied polymers, but the first large effort was organized as a part of the wartime synthetic rubber program.  
After the war, the continued existence of a large source of research funds enabled the formation of a pure science 
Fellowship devoted to Synthetic Rubber Properties (1948).  A synthetic group provided well-defined materials that 
were characterized by dilute solution methods such as light scattering, viscosity and osmotic pressure.  Bulk 
polymers were studied by x-ray scattering and dynamic rheology.  Theoretical studies made detailed interpretations 
of the new experimental results on properties like normal stress possible.  The highly synergistic nature of this 
research community is a good example of the benefits of sustained fundamental effort.  Key members of this 
community included DeWitt, Markovitz, Yavorsky, Pollack and Zapas.  With the end of government funding for the 
synthetic rubber effort, the vision for continued research in polymer science was kept alive by the Mellon family and 
Paul Flory was recruited.  The appointment of T.G. Fox to direct the polymer research and the addition of six other 
Fellows produced another prolific research community.  Advances in polymer characterization using light scattering, 
viscosity and osmotic pressure were continued.  Many achievements from this period were in rheology and five of 
the Fellows went on to receive the Bingham Medal of the Society of Rheology (Markovitz, Berry, Coleman, Plazek 
and Zapas).  The role of the Mellon Institute in the fostering of progress in polymer science will be presented. 
  
187. THE CONTRIBUTIONS OF PITTCON TO THE CHEMICAL SCIENCES COMMUNITY.  Gerald 

Carlson1;  1Retired, 146 North Pitt St, Mercer, PA 

The Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy, Inc (PITTCON) had its origin in 
Pittsburgh in 1950. The Conference is owned and managed by two local societies: The Society for Analytical 
Chemists of Pittsburgh (SACP) and The Spectroscopy Society of Pittsburgh (SSP). Over its 54 years of existence, 
PITTCON has become internationally recognized as The Worlds Largest Annual Conference and Exposition 
Devoted to Laboratory Science. Having outgrown Pittsburgh in the late 1960's, its meeting site now rotates between 
4 - 5 major convention cities, But by maintaining its Pittsburgh base and management, PITTCON has become the 
worlds most prodigious road show.  What may be less recognized and appreciated are PITTCON's altruistic 
contributions to the fields of science and science education, mostly in the Pittsburgh area, but with a growing 
national component. Through its two parent societies, the profits from each years conference are returned to the 
chemical sciences community. These contributions take many forms: research grants, lecture series, science teacher 
awards, library support, science demonstrations for schools and other organizations, equipment grants to high 
schools and colleges, member education programs, awards recognizing outstanding scientists, and on and on.  In this 
talk the many programs supported by the PITTCON organization will be enumerated and briefly described and the 
magnitude of these contributions over the 54years of the organizations service to the chemical sciences community 
will be estimated. The roles of the SSP and the SACP in the management and implementation of these programs will 
be explained. Finally it will be pointed out how the activities of PITTCON and its supporting societies have fostered 
the involvement of chemists, laboratory scientists, and teachers in professional society activities, greatly enhancing 
the camaraderie among members of the Pittsbugh chemical sciences community. 
  
188. CHANGING PATTERNS OF INDUSTRIAL RESEARCH AND DEVELOPMENT IN THE PITTSBURGH 

REGION:  AN OVERVIEW, 1900-2000.  David Hounshell1;  1Carnegie Mellon University, Baker Hall 240, 
Pittsburgh, PA 
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Pittsburgh, Pennsylvania, was an important scene in the Twentieth-Century creation and development of a new 
institution in science and technology—the industrial research and development laboratory.  From 1913 when 
bankers and financiers Andrew W. Mellon and his brother Richard B. Mellon brought chemist Robert Kennedy 
Duncan to Pittsburgh to establish the Mellon Institute until the middle of the 1960s, the Pittsburgh region figured 
prominently in the growth of industrial research programs, including a number that were heavily engaged in 
chemically-related research.  Contrary to forecasts made by a well-publicized economic study of the region, 
however, Pittsburgh´s fortunes as a center for industrial research and developed began to wane after 1965.  As the 
region´s economy grew progressively weaker (relative to the economies of other regions in the United States and the 
world), corporate R&D programs shrank through the remainder of the Twentieth Century.  Several once-
distinguished programs disappeared completely, victims of mergers and acquisitions, corporate decline, outsourcing, 
and the forces of globalization of the economy.  This presentation provides an overview of industrial R&D in the 
Pittsburgh region over the course of the Twentieth Century and highlights the causes and effects at work in this 
chapter of Pittsburgh´s history. 
  
189. RESEARCH ON COAL GASIFICATION AND ITS PRODUCTS.  Dale Keairns1;  1Science Applications 

International Corporation, Pittsburgh, PA, 626 Cochrans Mill Road, M/S 922-174B, Pittsburgh, PA 

Coal is the region's greatest mineral resource.  The bituminous coal industry and the coke and steel industries of 
Western Pennsylvania played a key role in the industrial development of Pennsylvania and the nation.  There is 
excellent documentation on the history of the coal and coke industries in the Pittsburgh region.  The presence of 
these industries also resulted in Pittsburgh being an important region for the development of coal processing 
technology for applications beyond combustion and coke.  Government, industry and the universities in the 
Pittsburgh region have carried out research and development on innovative coal processing technology since 1900.  
Coal processing technology and the opportunities and needs that drove the development of new processing options 
are explored.  Coal gasification illustrates a technology that was developed to respond to different market 
opportunities during this period.  Reflections on current needs and the potential for coal processing technology to 
respond to these needs is also considered.   
  

 
190. APPROACHES TO GENE EXPRESSION ANALYSIS.  David Peters1;  1University of Pittsburgh, 730 

Parran Hall, 130 DeSoto St, Pittsburgh, PA 

In recent years there has been an explosion in the use of massively parallel assays for the analysis of gene expression 
at the mRNA level.  The technological and conceptual development of these approaches and their role in post 
genomics and the emerging field of molecular systems biology will be discussed. 
  
191. CREATING AND SEARCHING STRUCTURAL DATABASES: LOOKING FOR METAL ION BINDING 

SITE DESCRIPTIONS.  David Deerfield1, Hugh Nicholas1;  1Pittsburgh Supercomputing Center, 4400 Fifth 
Avenue, Pittsburgh, PA 

We have a long standing interest in the role of metal ions, especially divalent metal ions, in defining the structure 
and function of proteins and nucleic acids. For example, over 40% of all enzymes require a metal ion for proper 
function. We have developed software to analyze coordinate files, identify metal ions plus all first shell ligands, all 
potential hydrogen bonds, and (if a protein) determine the secondary structure description for each residue. The 
result of this analysis is written in a modified PIR format. Data analysis includes the creation of log-odds scores and 
Markov models, with the structural information either unweighed or weighed according to either the primary 
sequence or fold. We compute the propensity for different metal ions to bind to either the side chain functional 
group or the backbone carbonyl for each type of residue. We also compute a profile for describing local (all protein 
supplied ligands within a stretch of 10-12 residues) Ca(II) ion sites that works surprising well describing similar 
sites in Mg(II) and Zn(II) ion structures, and have carried out a study of the whether secondary structure elements 
are used to correctly place protein-supplied ligands. We have been examining the role of first, second, and third shell 
ligands in both protein and nucleic acid structures, with a concentration on defining the web of hydrogen bonds 
centered on the metal ion.  
  

 



   

 

63 
 

192. CELLULAR IMAGING AND PROTEOMICS.  Robert Murphy1;  1Carnegie Mellon University, 4400 Fifth 
Ave., Pittsburgh, PA 

Efforts in the burgeoning field of proteomics seek to characterize all expressed proteins in many cell types. Methods 
for describing proteins in terms of their sequence, structure, and enzymatic activities are well advanced, but there is 
no current systematic means of adequately describing subcellular location. Fluorescence microscopy is a powerful 
method for determining subcellular location, but analysis of the resulting images is currently done by visual 
interpretation. Therefore, current database entries on protein location consist of unstructured text, a set of generic 
locations from a restricted vocabulary list, or (rarely) an example microscope image. Such entries do not permit the 
crucial operations that characterize all other biological databases: searching by quantitative similarity and grouping 
into sets or families that share common attributes. Towards this end, we have developed sets of Subcellular Location 
Features that capture the essential characteristics of protein patterns in either 2D or 3D fluorescence microscope 
images without being overly sensitive to the position, rotation, size or shape of a cell in such images. We show that 
these features can be used to create automated image classifiers that can recognize all major subcellular structures in 
a fully automated manner. Importantly, we also show that the features enable rigorous statistical distinction of 
patterns that cannot be distinguished by eye. We describe how the features can be used to measure similarity 
between the patterns of proteins and how this similarity can be used to create Subcellular Location Trees that cluster 
proteins into hierarchies of groups with increasingly similar patterns. We apply this method to a collection of 
randomly-tagged proteins to show a systematic representation of the complexity of protein location in a single cell 
type. The location proteomics methods we describe can be used to capture the manner in which the distribution of 
every protein (or other macromolecule) changes during the cell cycle, under different environmental conditions, 
between cell types, and between organisms so that a unified systematics for subcellular location can be created. 
  
193. THE ROLE OF TISSUE INFORMATION IN BIOINFORMATICS.  Mark Braughler1, Keith Boyce1, Andres 

Kriete1;  1TissueInformatics.Inc, 711 Bingham Street, Pittsburgh, PA 

The ability to identify significant genes from biological studies involving gene microarrays is a critical component 
of drug target discovery and investigative toxicology. Many approaches rely on statistical analysis to help identify 
those genes whose expression levels are the most differentially expressed between groups; however, when 
expression levels of thousands of genes have to be analyzed simultaneously it is a daunting task to identify 
biologically relevant changes. Recently, the generation of phenotypical structural data at the tissue level using 
automated pathology software, has provided an additional new form of phenotypical information beyond traditional 
visual interpretation of tissue structure. We discuss examples that demonstrate the value of an integrated approach 
using methods previously employed for large scale geneexpression analysis, but add tissue phenotypic as well as 
clinical information into the analytical process. 
  
194. INTEGRATION OF BIOINFORMATICS COMPONENTS IN DISEASE ANALYSIS.  Richard Somiari1;  

1Windber Research Institute, 600 Somerset Avenue, Windber, PA 

The last decade has seen dramatic progress in development of DNA sequencing, genotyping, gene expression, 
proteomics and many life science technologies. These technologies and approaches have enabled bio-medical 
researchers conduct cutting-edge research and generate massive amounts of disease related data. However, to be 
useful and beneficial to individuals with disease, biologically relevant data must be integrated with clinically 
relevant data and moved to the clinic faster. While bioinformatics is expected to enable and accelerate this process, 
there are still significant challenges. First, how do we acquire, filter and manage all the data coming from high/ultra-
high throughput analytical and discovery platforms? Second, how do we integrate, analyze and visualize these 
results? Third, how do we generate clinically useful knowledge and deploy the results rapidly in the clinic? This 
presentation will discuss the integration of multiple bioinformatics components for breast cancer research and 
describe how this approach is helping accelerate discovery and lay the foundation for a systems level approach to 
understanding the fundamental issues associated with the onset and progression of breast cancer. 
  
195. CLEAN COAL: HARNESSING AMERICA'S ENERGY, PRESERVING THE WORLD'S ENVIRONMENT.  

Thomas Sarkus1;  1National Energy Technology Laboratory, 626 Cochrans Mill Road, P.O. Box 10940, 
Pittsburgh, PA 
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This presentation will provide an introduction for the CRM Energy/Fuels symposium, and will place subsequent 
presentations into the greater context of U.S. DOE's Clean Coal programs.  The importance of maintaining a viable 
coal-fired power plant fleet will be described; interplays among energy, the environment, and economics will be 
addressed; and Clean Coal program successes will be discussed.  The President's new $1.0 Billion FutureGen 
Initiative to coproduce electricity and hydrogen, coupled with carbon sequestration, will also be presented, 
  
196. SO2 AND/OR NOX ENVIRONMENTAL CONTROL TECHNOLOGIES.  George Pukanic1;  1U.S. 

Department of Energy/National Energy Technology Laboratory, U.S. P.O. Box 10940, Pittsburgh, PA 

Under the Department of Energy Clean Coal Technology (CCT) Program, a number of SO2 and NOx emissions 
control technologies for coal-fired power plants were demonstrated. Three innovative advanced flue gas 
desulfurization (FGD) technologies that successfully demonstrated SO2 emissions reductions greater than 90% 
include the Advanced Flue Gas Desulfurization Process, the Innovative Applications for the CT-121 FGD Process, 
and the Milliken Clean Coal Technology Process.  These FGD processes have been in operation since the early to 
mid 1990´s and have proven easy to maintain and economical to operate at high levels of reliability with costs 
significantly lower than those for conventional wet FGD technologies. Several NOx control technologies 
demonstrated in the CCT Program involve either modification of the combustion process or the postcombustion 
treatment of flue gas. Combustion modification technologies include the incorporation of low-NOx burners (LNBs), 
advanced overfire air (AOFA), and/or coal or natural gas reburning processes. Some of these technologies 
demonstrated in the CCT Program with maximum achievable NOx emissions reduction include: Demonstration of 
Advanced Combustion Techniques for a Wall-Fired Boiler (68%); Demonstration of Coal Reburning for Cyclone 
Boiler NOx Control (50%); Full-Scale Demonstration of Low-NOx Cell Burner Retrofit (58%); Evaluation of Gas 
Reburning and Low-NOx Burners on a Wall-Fired Boiler (66%); Micronized Coal Reburning Demonstration for 
NOx Control (59%); and Demonstration of Advanced Tangentially Fired Combustion Techniques for the Reduction 
of NOx Emissions from Coal-Fired Boilers (60%). Postcombustion technologies include either selective catalytic 
reduction (SCR) that uses ammonia or urea in the presence of a catalyst at temperatures of 600-800 oF, or selective 
non-catalytic reduction (SCNR) at high temperatures of 1600-2200 oF with no catalyst. Technologies demonstrated 
in the CCT Program with maximum achievable NOx emissions reduction include: Demonstration of Selective 
Catalytic Reduction Technology for the Control of NOx Emissions from High-Sulfur, Coal-Fired Boilers (90%); and 
Integrated Dry NOx/ SO2 Emissions Control System (50% for the selective non-catalytic technology portion). 
Advanced control systems that use artificial intelligence for NOx control are currently in the demonstration or 
planning phase for several projects. 
  
197. MERCURY AND MULTI-POLLUTANT EMISSION CONTROL TECHNOLOGIES.  Theodore 

McMahon1;  1U.S. Department of Energy, National Energy Technology Laboratory, P.O. Box 880, Mail Stop 
C05, Morgantown, WV 

Mercury is a naturally occurring metal in the earth´s crust that is released into the environment as a result of both 
natural processes and human activity.  Human activities that are known to release mercury into the environment 
include mining, waste incineration and oil- and coal-based electric power production.  Once released into the 
environment, mercury is known to bioaccumulate in the food chain and result in adverse health effects in humans.  
The Clean Air Act Amendments of 1990 authorize the EPA to regulate mercury emissions from coal-fired electric 
power generation facilities, and in December 2000, EPA issued a determination of its intent to do so, with 
compliance scheduled by December 2007.  Parallel to the EPA process, President Bush introduced the Clear Skies 
Initiative legislation that would call for a phased-in reduction of mercury from power plants beginning in 2010.  In 
addition, several other multi-pollutant control legislative bills have been introduced in Congress calling for the 
regulation of coal-fired power plant mercury emissions.  As a result of pending regulations and legislation, the U.S. 
Department of Energy (DOE), National Energy Technology Laboratory is currently sponsoring a program to 
advance the understanding of control of mercury emission from coal-fired power generation systems.  This program 
includes research and development activities to develop advanced mercury control concepts designed to achieve 
greater than 90% mercury removal from flue gas.  In addition, the program includes field testing of technologies that 
show promise for early commercial deployment.  Finally, under the Power Plant Improvement Initiative and Clean 
Coal Power Initiative programs, DOE is sponsoring commercial demonstrations of two technologies that show 
promise for control of mercury, nitrogen oxides, and sulfur dioxide.  This paper will briefly review pending 
legislation and regulations, and DOE´s program to develop technologies for mercury and multi-pollutant control.    
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198. PRODUCTION OF MANUFACTURED AGGREGATES FROM COAL COMBUSTION BY-PRODUCTS.  
Roy Scandrol1;  1Universal Aggregates LLC, 300 Bursca Dr, Suite 303, Bridgeville, PA 

Universal Aggregates, LLC (UA), a joint venture between CONSOL Energy, Inc. and SynAggs, Inc., is 
commercializing a process to produce manufactured aggregates from coal combustion by-products (CCBs) from wet 
and dry flue gas desulfurization (FGD) processes, fluidized-bed combustion (FBC) and pulverized coal (p. c.) 
combustion. The aggregate production process has been developed in bench-scale to produce specification 
aggregates for use in construction since 1990. In 1999, a 500 lb/hr integrated continuous pilot plant, which was 
partially funded by DOE, was constructed and operated for process demonstration. Both dry and wet FGD by-
products were used during operation. The pilot plant demonstrated continuous, fully integrated, long-term process 
operation for lightweight and medium weight aggregate production, and the process flexibility to produce a variety 
of products, meeting standard specifications (ASTM, AASHTO) for use in construction. Aggregates produced were 
used in concrete masonry block production and road construction demonstrations. In October, 2001, UA was 
awarded a cost sharing Cooperative Agreement from DOE through the Power Plant Improvement Initiative Program 
(PPII) to design, construct and operate a lightweight aggregate manufacturing plant at the Birchwood Power Facility 
in King George, Va. Using 115,000 tons per year of spray dryer ash, a dry FGD by-product, from the power station, 
UA will produce 167,000 tons of manufactured lightweight aggregate. The facility is currently under construction 
and is expected to be in full commercial production in early 2004. The project will enable UA to demonstrate 
commercially its process that will convert coal combustion by-products into lightweight aggregate for masonry 
blocks or concrete. Manufacturing aggregate from FGD by-products can provide an economical high-volume use 
and substantially expand market for FGD by-products. Most of the FGD by-products are currently disposed of in 
landfills. UA is currently negotiating with several utility companies to commercialize the manufactured aggregate 
process.  
  

 
199. THE UTILIZATION OF COAL COMBUSTION BY-PRODUCTS.  Thomas Ruppel1;  1Parsons 

Corporation, PO Box 195, Bethel Park, PA 

Coal combustion by-products have been touted as untapped raw industrial resources for almost fifty years.  Fly ash, 
bottom ash, boiler slags, flue gas desulfurization material, and products made from them have held promise as raw 
material sources for numerous applications.  A few examples of innumerable applications are blasting grit, concrete, 
flowable fill, grouting, roadbase/subbase, stripmine soil reclamation, and wallboard.  The promise is still there and 
these heretofore waste materials are too plentiful and landfill space is becoming too much of a premium quantity for 
them to be more bit players than true industrial resources.  Code specifications, cost, lack of knowledge by users and 
regulators, potential liability, regulation as a waste, uniformity, unknown environmental risks, and other delimiters 
have been obstacles, but coal combustion by-products have been and are now more poised to become true articles of 
commerce.  Engineering technologies for the above applications and more are reaching the commercial 
demonstration stage.  The presentation will describe the characteristics, properties, applications, regulatory status, 
and commercialization examples of coal combustion by-products from the Department of Energy´s Coal Research, 
Development, and Demonstration programs.  It will include a discussion of State and other Federal programs.  
  
200. SEPARATION AND CAPTURE OF CO2 FROM LARGE STATIONARY SOURCES AND 

SEQUESTRATION IN GEOLOGICAL FORMATIONS--COALBEDS AND DEEP SALINE AQUIFERS.  
Brian Strazisar1, Curt White1, Evan Granite1, James Hoffman1, Henry Pennline1;  1United States Department 
of Energy, 626 Cochrans Mill Rd, P.O. Box 10940, Pittsburgh, PA 
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The topic of global warming as a result of increased atmospheric carbon dioxide (CO2) concentration is arguably the 
most important environmental issue that the world faces today.  It is a global problem that will need to be solved on 
a global level.  The link between anthropogenic emissions of CO2 with increased atmospheric CO2 levels and, in 
turn, with increased global temperatures has been well established and accepted by the world.  International 
organizations such as the United Nations Framework Convention on Climate Change (UNFCCC) and The 
Intergovernmental Panel on Climate Change (IPCC) have been formed to address this issue.  Three options are 
being explored to stabilize atmospheric levels of greenhouse gases and global temperatures without severely and 
negatively impacting standard of living: (1) increasing energy efficiency; (2) switching to less carbon-intensive 
sources of energy; and (3) carbon sequestration.  To be successful, all three options must be used in concert.  The 
third option is the subject of this review.  Sequestration of CO2 in geological formations is necessary to meet the 
President´s Global Climate Change Initiative target of an 18% reduction in greenhouse gas intensity by 2012.    
Specifically, this review covers the capture and geologic sequestration of CO2 generated by large point sources, 
namely fossil-fuel fired power plants.  Included is a description of some of the technologies that are available or 
proposed for CO2 capture from flue gas or fuel gas (from coal gasification).  These technologies take advantage of 
either physical properties or chemical reactivity of CO2.  Also included are some of the important issues associated 
with the long term storage of CO2 in unmineable coal seams and deep saline aquifers.  Before CO2 can be 
sequestered on a large scale, it is important that we gain a better understanding of the physical and chemical 
processes initiated by underground CO2 injection.  It is also critical that a system be developed to monitor and 
verify successful long-term sequestration of CO2 in geological formations.  
  
201. CARBON DIOXIDE EXTRACTION FROM AMBIENT AIR USING ALKALI-METAL HYDROXIDE 

SOLUTIONS DERIVED FROM CONCRETE WASTE AND STEEL SLAG.  Joshuah Stolaroff1, Greg 
Lowry1, David Keith1;  1Carnegie Mellon University, 207C Porter Hall, Pittsburgh, PA 

To mitigate global climate change, deep reductions in CO2 emissions are required in the coming decades. 
Sequestering carbon as carbonate minerals is a safe and stable means of reducing CO2 loading in the atmosphere. In 
this research, the potential of using alkaline industrial waste streams -- concrete and steel slag -- as an early-
adoption, low-cost method of sequestering carbon dioxide is assessed. The dissolution kinetics of steel slag and 
concrete as a function of particle size and pH is examined. An example system for sequestering carbon as carbonate 
minerals in these industrial waste streams is presented along with resource requirements and cost estimates. 
Implications for more general schemes for extracting CO2 from air are discussed. 
  
202. POST CARDS FROM THE EDGE: AN ELECTRIFYING PRESENTATION.  Thomas Sarkus1;  1National 

Energy Technology Laboratory, 626 Cochrans Mill Road, P.O. Box 10940, Pittsburgh, PA 

Deltiology refers to post card collecting (just as coin collecting is numismatics and stamp collecting is philately).  
The first U.S. post cards were issued in 1873.  Although post cards remain a popular method of communication to 
this day, their 'golden age' lasted roughly from 1900-1920.  Today, these vintage post cards are highly collectible, 
and provide an interesting glimpse into our past.  This presentation will provide some basic information on 
deltiology and various post card categories, with an emphasis on those post cards (both vintage and modern) that 
portray some aspect of the energy industry. 
  
203. PROPENE EPOXIDATION BY AU CLUSTERS SUPPORTED ON TITANIUM OXIDE.  Steeve Chretien1, 

Greg Mills1, Vladimir Shapovalov1, Horia Metiu1;  1University of California Santa Barbara, Santa Barbara, 
CA 

We present density functional calculations aimed at increasing our understanding of the chemistry involved in the 
reaction of a mixture of propene, hydrogen and oxygen catalyzed by Au clusters supported on TiO2. We used 
density functional theory to determine possible intermediates and the energy barriers of various reactions. We 
address several specific issues: is it possible to form a peroxo intermediate? Is it reasonable to assume that the 
reaction is poisoned by oxidation products that do not desorb from the surface?    We also show that the binding of 
several molecules to gas-phase gold clusters of various sizes, to titania, and to gold clusters supported by titania can 
be rationalized in terms of the properties of the HOMO and the LUMO orbitals of the separated fragments.   
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204. ENERGETICS OF METAL ADSORPTION AND METAL NANOPARTICLES ON WELL-DEFINED 
SURFACES BY ADSORPTION MICROCALORIMETRY.  Charles Campbell1;  1University of 
Washington, 109 Bagley Hall Box 351700, University of Washington, Seattle, WA 

Heats of adsorption of metal atoms have been measured calorimetrically on Mo(100), Si(100), MgO(100).  A pulse 
of metal vapor from a chopped atomic beam adsorbs onto an ultrathin single crystal's surface, causing a transient 
temperature rise detected by a pyroelectric polymer ribbon touching the crystal. The differential heat of adsorption is 
measured versus coverage up through multilayer coverages.  The data provide the metal-substrate bond energy (BE), 
the adhesion energy and the interfacial energy.  The heat of adsorption of Ag on Si(100)-2x1 at 300 K decreases 
from ~347 to 246 kJ/mol with coverage in the first monolayer (ML) due to overlap of substrate strain from nearby 
Ag islands. It then rises quickly toward the bulk sublimation enthalpy (285 kJ/mol) as 3D particles grow. A wetting 
layer grows to 1.0 ML, but is metastable above ~0.55 ML and unwets when kinetics permit. This may be common 
when adsorbate islands induce large strain in the substrate surface nearby.  For Pb, Ag and Cu adsorption on 
MgO(100), the initial adsorption energy and metal-MgO bond energy correlate with the metal´s bulk cohesive 
energy, suggesting that metal – Mg bonds dominate the interaction, possibly at defects.  Metal atom sticking 
probabilities and island densities correlate with their adsorption energies.  In cases where 3D nanoparticles rapidly 
nucleate a nearly constant number of islands and then these grow in size as the coverage increases, the data also 
provide metal nanoparticle energetics versus particle size.  Tiny (~2 nm diameter) nanoparticles are >60 kJ/mol less 
stable (per metal atom) than predicted by the Gibbs-Thompson relation assuming constant surface energy.  This 
weakness with which metal atoms are held to nanoparticles helps explain their enhanced reactivity and catalytic 
activity.  The measured energies also provide data essential for improved atomistic modeling of the sintering 
kinetics of nanoparticles. **  Work supported by NSF and DOE-BES Chemical Sciences.   
  

 
205. SURFACE CHEMISTRY ON SILICON AND CARBON NANOTUBLE SURFACES.  Kenneth Jordan1, 

Alex Bayden1, Dan Sorescu2, Jan Steckel2;  1University of Pittsburgh, Department of Chemistry, Pittsburgh, 
PA; 2National Energy Technology Laboratory, U. S. Department of Energy, P. O. Box 10949, Pittsburgh, PA 

Density functional theory has proven especially valuable for modeling chemical processes on semiconductor 
surfaces. In this part of the talk, new theoretical results on the buckling of SiSi dimers on the partially H-covered 
Si(001) surface will be discussed, together with the reactions of acetylene with the Si(001) surface. In the second 
part of the talk, various issues involved in modeling molecules interacting with carbon nanotube and graphitic 
surfaces will be discussed. 
  
206. ENANTIOSELECTIVITY OF NATURALLY CHIRAL SURFACES.  Andrew Gellman1, Joshua Horvath1;  

1Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA 

Chiral features can be generated on surfaces by creating steps with kinks such as those that exist on the high Miller 
index surfaces of most crystalline materials.  We have prepared chiral Cu(643) surfaces and shown that the 
adsorption of R-3-methylcyclohexanone on these surfaces is enantiospecific.  Its interaction with the surface has 
been shown to occur via the carbonyl group which lies parallel to the surface when the molecule is adsorbed at the 
kink sites.  The adsorption energy at the kinks on the Cu(643)S surface is higher than at the kinks on the Cu(643)R 
surface.  We have shown that this can be used to induce an enantioselective separation of racemic 3-
methylcyclohexanone.  Exposure of the racemic mixture to the chiral surface leads to a purification to an ee > 50% 
in a single adsorption/desorption step.  
  

 
207. PRECIPITONS - SWITCHABLE PHASE TAGS FOR CHEMICAL SEPARATIONS.  Craig Wilcox1;  

1University of Pittsburgh, 1403 Chevron Science Center, Pittsburgh, PA 
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Dr. Wilcox will introduce the concept of protean phase tags and describe how these tags offer the chemist active 
control over the phase affinity of tagged substrates. The results of his group's research on precipitons (tags that 
precipitate upon chemical or photochemical activation) will be presented. Precipitons can now be recycled and 
tagged molecules can be returned to solution. The theory and methods for using precipitons in metal-scavenging, 
catalyst recovery, and multistep synthesis will be detailed. 
  
208. COMBINATORIAL CHEMISTRY: NEW DIRECTIONS, STRATEGIES AND METHODOLOGIES.  Wei 

Zhang1;  1American Chemical Society, Fluorous Technologies, Inc., 970 William Pitt Way, Pittsburgh, PA 

Fluorous synthesis is a “phase tag” based solution-phase synthesis technology, which has the character of solution-
phase reactivity and solid-phase like separation. The separation of fluorous molecules can be achieved by solid-
phase extraction (SPE) or HPLC over fluorous silica gel. No fluorous solvents are needed for reactions or 
separations. Fluorous synthesis has following advantages: easy product separation, favorable reaction kinetics, 
capable of intermediate analysis by HPLC, MS, and NMR, and minimal effort of chemistry development. This 
presentation describes the recent progress on fluorous technologies in parallel and combinatorial synthesis using 
fluorous reagents, scavengers, protecting groups, and tags. 
  
  

 
209. APPLICATION OF SOLUTION PHASE ARRAY SYNTHESIS TO GENERAL LIBRARY AND                   

MEDICINAL CHEMISTRY PROBLEMS.  Miles Siegel1;  1American Chemical Society, Eli Lilly & Co., 
Indianapolis, IN 

Expedited purification methodologies, including scavenger resins and ion exchange chromatography, have 
significantly increased the rate at which bench chemists can synthesize new molecules. This increased productivity 
effects the drug discovery process from the earliest stages of lead discovery up to the final optimization of potential 
clinical candidates. These technologies, and examples of their application to general library synthesis, early phase 
lead generation, and later phase lead optimization will be discussed. 
  
210. METHODOLOGY AND TOOLS TO EXPEDITE THE SYNTHESIS AND PURIFICATION OF                         

ANALOG LIBRARIES.  Craig Lindsley1;  1American Chemical Society, Merck Research Laborotories, 
Department of Medicinal Chemistry, West Point, PA 

The application of emerging microwave and fluorous technologies have had a profound impact on reaction 
optimization, small molecule synthesis and the development of new materials. In particular, microwave assisted 
organic synthesis (MAOS), employing single-mode microwave synthesizers, has proven to provide general and 
rapid access to bioactive nitrogen-containing heterocycles 1, complex alkaloid skeletons 2, and novel resin 
architectures 3 unavailable by conventional thermal heating. Novel fluorous-tagged reagents and scavengers have 
also provided powerful, rapid access to highly pure (>90%) compound libraries and complex molecules. Reaction 
rates, and often compound purity, can be further increased by the combination of fluorous-tagged 
reagents/scavengers and microwave heating. Recent results in from our laboratory in each of these areas will be 
described. 
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ABSTRACTS 
    

211. MODELING THE GEOMETRY OF AX3E AND AX2E2 MOLECULES THROUGH NON-BONDED 
REPULSIONS.  Thomas Baker1, Ronald See1, Pamela Kahler1;  1Indiana University of Pennsylvania, 
Weyandt Hall, Indiana, PA 

The empirically-observed structures of the AX3E and AX2E2 molecules are successfully explained using an 
adaptation of the Ligand Close-Packing (LCP) theory of Bartell and Gillespie. The bond angles in these molecules 
vary spectacularly, ranging from 91º to 180º. This variation has been explained using many models (directed 
valence, VSEPR, perturbation theory, second-order Jahn-Teller effect, and more), but never satisfactorily or without 
exceptions. The LCP model suggests that molecular geometries are primarily a result of repulsive interactions 
between the terminal atoms or groups. In the case of the AX3E and AX2E2 molecules, there are two sets of 
repulsive interactions: a) the repulsion between two terminal X atoms or groups; b) the repulsion between an X atom 
(or group) and the stereochemical nonbonding electrons (lone pairs) on the central atom A. We have quantified these 
repulsions using a simple, linear distance-interaction relationship for both sets of forces. For molecules with A = N, 
P, As, O, S or Se and X = H, F, Cl, Br, I, CH3, CF3, SiH3 or t-butyl, a single linear regression describes all 
computational and empirically-observed structures to a high degree (R2 = 0.99) of accuracy. The empirical data 
includes structures from X-ray diffraction, gas electron diffraction and microwave spectroscopy. This strong 
correlation, with no significant exceptions, is convincing evidence that the LCP model, quantified through a 
distance-interaction relationship, correctly models the physical forces that primarily determine molecular geometry. 
Potential applications to molecular mechanics calculations will also be discussed. 
  
212. DETERMINATION OF CYSTEINE PKAS IN A COPPER CHAPERONE PROTEIN.  Rasha Abd El-

Rahman1, Jeffry Madura1, Charles Dameron1;  1Duquesne University, 600 Forbes Avenue, Pittsburgh, PA 

Cells utilize a variety of mechanisms to regulate essential, yet toxic trace elements such as copper. Recent studies 
have shown that cells use proteins called  “metallochaperones” to route metal ions through the cell; 
metallochaperones protect the cell and ensure delivery of the metal to nascent enzymes. However, the mechanism of 
binding and release of metals by these metallochaperones is not well understood.  Our metallochaperone, CopZ, has 
a common structure, consisting of two a-helices overlaying four b-strands. An exposed -Cys-X-X-Cys- metal 
binding motif is positioned in a loop near the N terminus of the protein.  A similar motif is seen in the Thioredoxin 
family of proteins.  The cysteinyl thiolates in the Thioredoxin family, with markedly altered pKa's, serve a catalytic 
function.  We are proposing that, as in the Thioredoxins, the thiolates have perturbed pKa's and that differences are 
important in the binding and release of the metal ions. A new procedure has been developed to calculate the pKa 
values of the cysteines in the Thioredoxin proteins and metallochaperones. The free energy perturbation calculation 
of the AMBER7 program is used to calculate pKa. The calculated pKa values of the Thioredoxin family are 
consistant with the experimental values. Also, the program UHBD (University of Huston Brownian Dynamics) has 
been used to calculate the pKa values for a group of the Thioredoxin family proteins, and copper chaperon protein. 
The results were consistant with the experimental values. 
  
213. MOLECULAR MODELING DESIGN AND OPTIMIZATION OF NON-FLUOROUS CO2-PHILIC 

POLYMERS.  Yang Wang1, Karl Johnson1;  1University of Pittsburgh, 1249 Benedum Hall, Pittsburgh, PA 



   

 

49 
 

It is well known that some fluorinated polymers are much more soluble in supercritical CO2(SC-CO2) than their 
hydrocarbon analogues. However, these polymers are extremely expensive, limiting their widespread use in 
industry. Recently, Beckman and coworkers discovered a few non-fluorous polymers that exhibit high solubility in 
SC-CO2. A detailed understanding of why these polymers are CO2-philic is lacking, although it is assumed that 
some functional groups, such as ether and carbonyl, are important for enhancing the solubility. We have used ab 
initio quantum mechanical methods to compute the interactions between select functional groups and CO2 
molecules. This information leads to better understanding of CO2-solubility in existing polymers and predictions of 
new polymers that may be CO2-philic.      We used Møller-Plesset second order perturbation theory (MP2) to 
optimize and estimate the binding energies and geometries of several polymer moieties with one and two CO2 
molecules. These polymer moieties include ether oxygen, carbonyl oxygen, sulfonyl, and amine groups. 
Counterpoise corrections were applied to all calculations to account for basis set superposition errors. The 
convergence of the binding energy with respect to the level of theory was tested by computing the binding energies 
at the MP2, MP3, MP4 (with triples) and the CCSD(T) levels of theory for methyl acetate with CO2. The raw 
binding energies (without counterpoise corrections) were used to extrapolate the complete basis set limit using the 
expression of Helgaker et al. with the aug-cc-pVDZ and aug-cc-pVTZ basis sets. Some experimental data were used 
to compare the results of our calculations and some predictions are made from the calculations. 
  
214. ELECTRON ATTACHMENT TO (H2O)2ARN CLUSTERS.  M. Tsai1, Kenneth Jordan1;  1University of 

Pittsburgh, Department of Chemistry and Center for Molecular and Materials Simulations, Pittsburgh, PA 

The neutral and negatively charged (H2O)2Arn, n = 1 – 14, clusters are investigated theoretically by use of a 
polarizable model potential together, in the case of the anionic clusters, with a Drude-model approach to incorporate 
dispersion interactions between the excess electron and the Argon atoms and water molecules. The (H2O)2Ar11 and 
(H2O)2-Ar12 clusters are predicted to be “magic numbers”, with the high stability being a result of their global 
minima adopting icosahedral-like structures. Based on these results, a mechanism for formation of the anions is 
proposed. In addition, the rapid falloff in intensity of the n ≥ 7 anionic clusters in the observed mass spectrum and 
the absence of observable signal for the n = 10 cluster are accounted for. 
  
215. "ANTIFREEZE" PROTEINS AT THE ICE/WATER INTERFACE.  Pranav Dalal1, Jared Knickelbein1, 

Anthony Haymet2, Jeffry Madura1;  1Duquesne University, 308 Mellon Hall, 600 Forbes Avenue, Pittsburgh, 
PA; 2University of Houston, Houston, TX 

Three properties of the winter flounder Type I antifreeze protein: the surface area of the protein, a measure of the 
interaction of the protein with neighboring water molecules, and the side-chain angles of the Thr residues are 
calculated from molecular dynamics simulations of the water/protein/ice system. These three properties discriminate 
among the orientation of the protein within the broad ice/water interface and show that the Thr-Ala-Asx orientation 
based upon absolute zero temperature ice/vacuum models is incorrect and that the Thr-Ala-Ala orientation is 
favored. These results are consistent with the experimentally determined Thr-Ala-Ala orientation. We have 
undertaken potential mean force (pmf) simulations to determine the free energy of interaction of the Thr-Ala-Ala 
and Thr-Ala-Asx orientations with the ice/water interfacial region. The results and analysis of the pmf simulations 
will also be presented. 
  
216. SOLUBILITY OF CO2 IN BRINES THROUGH FEP/MC SIMULATIONS.  Thomas Dick1, Jeffry Madura2;  

1Duquesne University, 308 Mellon Hall, 600 Forbes Ave., Pittsburgh, PA; 2Duquesne University 

One proposed method of CO2 sequestration is mineral trapping in brine aquifers.  In brine solution, CO2 would 
dissolve in the brine and then be converted to CO3-2,  and be able to associate ionically with metal ions in the brine, 
i.e. Mg+2, Fe+2,  and Ca+2,  to form insoluble carbonates, thus sequestering the CO2. The first step in the process 
of mineral trapping is the thermodynamically unfavored conversion of CO2 from gaseous to the aqueous state. 
Molecular modeling will be used to determine the solubility of CO2 in aqueous salt and brine solutions.  
  
217. DEVELOPMENT OF NEW CHARMM FORCE FIELD PARAMETERS FOR NOVEL DNA BENDING 

AGENTS..  Anne Loccisano1, Steve Firestine1, Jeffrey Evanseck1;  1Duquesne University, 308 Mellon Hall, 
600 Forbes Avenue, Pittsburgh, PA 



   

   

50 
 

Bending of DNA by external agents has been attributed previously to groove widening or contraction either by steric 
or ionic interactions.  We are interested in the development of sequence-specific agents that bind to and bend DNA 
by minor groove distortions.  These agents are polyamide-based drugs that bind in a 1:1 or 2:1 complex with DNA, 
and they contain sterically bulky groups that widen the minor groove of DNA.  In order to evaluate the sequence 
specificity and the ability to bend DNA, force field parameters for the new molecules have been created for the 
CHARMM force field in order to perform molecular dynamics simulations with DNA and the bending agents.  The 
new parameters have been created by comparing available experimental data and computed quantum mechanical 
information.  The information gained from simulations of these molecules with DNA will provide a detailed picture 
of how these molecules bend DNA. 
  
218. DFT STUDY OF THE INFLUENCES OF N-1-BUTYLPYRIDINIUM AND CHLOROALUMINATE 

RATIOS UPON THE RATES AND ENDO/EXO SELECTIVITY OF THE DIELS-ALDER REACTION..  
Amy Waligorski1, Orlando Acevedo1, Jeffrey Evanseck1;  1Duquesne University, 308 Mellon Hall, 600 
Forbes Avenue, Pittsburgh, PA 

Ionic liquids have the ability to influence the rates and the endo/exo selectivities of organic reactions that make them 
attractive candidates as solvents for clean synthesis and catalysis.  Unfortunately, the intermolecular reasons for 
enhanced chemical reactivity have not been described and understood.  Density functional theory calculations at the 
6-31G(d) level have been carried out in order to examine how varying amounts of cation-anion ratios of N-1-
butylpyridinium cation (BP+) and chloroaluminate counterions impact the Diels-Alder reaction between 
cyclopentadiene and metyl acrylate.  Specifically, the basic and acidic 1:1 anion-cation ion pairs (Cl-- BP+, AlCl4--
BP+ and Al2Cl7--BP+) and 2:1 complexes (Cl--BP+-Cl-, Cl--BP+-AlCl4-, AlCl4--BP+-AlCl4-, Al2Cl7--BP+-
AlCl4-, Al2Cl7--BP+-Al2Cl7) have been computed to probe local effects upon chemical reactivity.  A new 
understanding of cation-anion ratios is presented to understand how ionic liquids control the rates and endo/exo 
selectivity of the Diels-Alder reaction. 
  
219. DOCKING STUDY OF CLASS I MHC COMPLEXES AND SPECIFICALLY THE GP2/HLA-A2.1 

COMPLEX.  Heather Altman1, Wilson Meng1, Jeffrey Evanseck1, Tugba Kucukkal1;  1Duquesne University, 
308 Mellon Hall, 600 Forbes Avenue, Pittsburgh, PA 

A class I major histocompatibility complex molecule (MHC) is comprised of a transmembrane protein with two 
alpha helix segments that form a groove in which a peptide binds non-covalently.  HLA-A2.1 (human leukocyte 
antigen –MHC), by way of tumor-specific T-cells, recognizes GP2.  The GP2 (the HER2/neu peptide over-
expressed in certain types of tumors) binds poorly to the HLA-A2.1.  The three-dimensional structures of fourteen 
different ligands bound to MHC have been determined using X-ray crystallography. The hypothesis of this docking 
study is that small structural changes to the peptide binding with MHC are responsible for the binding energy of the 
complex.  These changes in the binding are investigated by running docking simulations on the fourteen crystal 
structures and upon different combinations of peptides from the X-ray data.  By examining how these peptides bind 
to MHC, predictions can be made as to which peptides will create a strong complex with MHC.  In accomplishing 
this, vaccines can be manufactured to increase the bond strengths in the ligand/MHC complexes, specifically the 
GP2/HLA-A2.1 complex, to assist the tumor-specific T-cells in destroying the cancerous tumors. 
  
220. SIMULATIONS OF ADSORBED AND TRAPPED CO2 IN CARBON NANOTUBE BUNDLES.  Liang 

Chen1, J. Johnson1;  1University of Pittsburgh, 1249 Benedum Hall, Pittsburgh, PA 

An infrared spectroscopic study of CO2 permanently trapped in carbon nanotubesshowed a red shift of the 
asymmetric stretch v3 mode of about 20 wavenumbers. The frequency shift was observed to depend on temperature, 
indicating a reversible redistribution of CO2 inside the nanotubes. We have used grand canonical Monte Carlo and 
canonical Monte Carlo simulation methods to study the adsorption and binding of CO2 on heterogeneous and 
homogeneous nanotube bundles. Our simulation results for CO2 trapped inside nanotubes show drastic changes in 
the binding energy distributions and density profiles, which qualitatively explain the frequency shifting, broadening, 
and integrated intensity changes observed in the infrared spectra. The simulations results also point to sequential 
filling of sites for gas phase CO2 adsorption on opened tubes; some interstitial sites fill before endohedral sites, 
which agrees with experimental data. 
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221. PERFORMANCE OF DFT AND HF CALCULATIONS FOR THE PREDICTION OF SUBSTITUENT 
EFFECTS ON DIELS-ALDER REACTIONS: CYCLOPENTADIENE AND CYANOALKENES.  Vildan 
Guner1, Kendall Houk2;  1Hacettepe University, Faculty of Science, Beytepe, Ankara, Turkey; 2UCLA, Los 
Angeles, Callifornia 

The activation energies and heats of reaction for the reactions of cyclopentadiene with ethylene, acrylonitrile, 
fumanonitrile, maleonitrile, vinylidene cyanide, tricyanoethylene, and tetracyanoethylene (TCNE) have been 
computed with HF and a variety of density functionals (B3LYP, BPW91, OLYP and MPW1K) and compared to 
Sauer's experimental data. Some significant failures of B3LYP have been identified, whereas MPW1K reproduces 
the order of reactivity properly. The new developed method, OLYP gave worse results than the other Density 
Functional methods. 
  
222. MOLECULAR STRUCTURE AND PROPERTIES: TEACHING THROUGH INQUIRY TO CONFRONT 

STUDENT MISCONCEPTIONS.  William Snyder1, Stacey Lowery Bretz1;  1Youngstown State University, 
YSU Chemistry Department, 1 University Plaza, Youngstown, OH 

This paper addresses the teaching of molecular shapes and properties from a perspective of recognizing student 
misconceptions and struggles with visualization. Teaching and learning guides for inquiry-based activities will be 
presented. These activities address the "form and function" indicator of the Physical Science benchmarks of the 
National Science Education Standards. It does so by offering methods by which students may observe engaging 
demonstrations and experience laboratory situations in order to deconstruct alternative conceptions and build 
accurate chemical understanding relating molecular shapes and the properties of solubility based on polarity. 
  
223. PROFESSIONAL DEVELOPMENT FOR HIGH SCHOOL CHEMISTRY TEACHERS: INTEGRATING 

PEDAGOGY AND CONTENT THROUGH TEACHER RESEARCH.  Stacey Lowery Bretz1;  1Youngstown 
State University, One University Plaza, Youngstown, OH 

The National Science Education Standards for professional development can be summarized as "learning science, 
learning to teach science, and learning to learn." Traditional chemistry graduate programs emphasize the first 
standards, while M.S. programs in colleges of education traditionally emphasize the second. Ohio now requires 
teachers to earn an M.S. to maintain licensure, yet for high school chemistry teachers, existing graduate programs 
both in chemistry and in education fail to meet the professional development standards. This paper will report our 
progress to date with a new kind of masters' degree: an M.S. program in chemistry tailored to the needs and talents 
of high school chemistry teachers. The degree provides for meaningful integration of pedagogy and content 
(chemistry) while empowering teachers with classroom research skills necessary for continual professional 
development throughout their careers. Syllabi for a core sequence of courses in chemistry education research, 
requirements of the program, and findings from an external evaluation regarding the participants' experiences will be 
presented. 
  
224. A PORTFOLIO OF GUIDED INQUIRY ACTIVITIES TO ADDRESS NATIONAL SCIENCE EDUCATION 

STANDARDS RELATED TO THE QUANTUM THEORY.  Les McSparrin1, Stacey Lowery Bretz2;  
1Sharpsville Area High School, 301 Blue Devil Way, Sharpsville, PA; 2Youngstown State University, One 
University Plaza, Youngstown, OH 
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This paper describes a portfolio developed to address National Science Education Standards related to the quantum 
theory. Upon completion of the seven modules in this portfolio, students should have an understanding of the 
following concepts: properties of waves, wave-particle duality of light, diffraction, emission spectra, 
chemiluminescence, and basic spectroscopy. The level of understanding should be ability specific and can be 
assessed at varying levels. Students will be in a simulated situation where they have just entered the Academy for 
Forensic Science as "Agent Atom." Each Agent Atom will be given tasks to learn in each module of the portfolio. 
Each task will assist the student in understanding the principal concepts as related to light, waves, and emission 
spectroscopy. The student will be presented with an authentic crime to solve. The crime appears to be a spoof on a 
real world situation where a thief steals a holographic image from a museum and leaves evidence behind in a 
taunting manner. The student's final, culminating assessment is a performance task. The student will be given a 
sample of the white powder supposedly left behind by one thief from the White Powder Thief Team. The student is 
then expected to identify the thief. Upon successful completion of this assessment, the student is awarded a position 
as Master Investigator. The underlying concept throughout this portfolio is that atoms absorb energy and then emit 
portions of this energy in discrete quanta. These quanta of energy can be measured using various techniques which 
take advantage of diffraction and spectroscopy. 
  
225. THE STATE OF MATTER: MEETING THE NATIONAL STANDARDS.  Holly DeBernardo1, Stacey 

Lowery Bretz1;  1Youngstown State University, One University Plaza, Youngstown, OH 

The National Science Education Standards argue that all students should learn the basic content of introductory 
chemistry, with an emphasis on inquiry. This paper will present a unit that incorporates demonstrations, hands-on 
activities and inquiry based labs for each of the solid, liquid, and gas states. The unit is designed to fulfill the 
requirements of the standards so that each student will have an opportunity to learn and appreciate the concepts 
taught. 
  
226. UNWINDING THE GENETIC CODE: LEARNING THROUGH INQUIRY.  Christine Lucarielli1, Stacey 

Lowery Bretz2;  1Girard High School, 6078 Evans Drive, Hubbard, OH; 2Youngstown State University, One 
University Plaza, Youngstown, OH 

Educators today face many challenges. Often our goal is to not teach the way that we were taught. Traditional 
teaching via textbook, lecture, and multiple-choice exams needs to and will change to inquiry-based teaching via 
technology, design, and critical thinking assessments. The students are active learners, not passive learners through 
inquiry-based teaching. This paper will describe an inquiry-based unit on nucleic acids and protein synthesis. These 
concepts tend to be confusing and hard to comprehend for students, mainly because the genetic code relies on four 
letters in the DNA (A,G, T, and C). The students believe that these four letters actually exist in our cells! Hands-on 
activities and inquiry-based laboratory investigations to teach the concepts of the genetic code in a more meaningful 
and motivational way will be presented. 
  
227.  ADSORPTION OF CF4 ON OPENED SINGLE WALLED CARBON NANOTUBES.  Oleg Byl1, Petro 

Kondratyuk1, Liang Chen1, J. Johnson1, John Yates1;  1University of Pittsburgh, 219 Parkman Ave., 
Pittsburgh, PA 
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Single walled carbon nanotubes are currently the subject of intensive studies because of their potential application as 
sorbents. This is due to the deep potential energy well for adsorption inside of the nanotube. To make accessible the 
interior of the nanotube, O3 was used as an oxidizer to attack the strained endcaps and also defect sites, causing 
local oxidation of carbon atoms there. The ozonolysis was followed by annealing in vacuum to decompose carbonyl 
functionalities formed during the ozone treatment.Infrared spectroscopy has been used to make the first 
experimental discrimination between molecules bound by physisorption on the exterior surface of carbon single 
walled nanotubes (SWNTs) and molecules bound in the interior. In addition, the selective displacement of the 
internally-bound molecules has been observed as a second adsorbate is added.SWNTs were opened by oxidative 
treatment with O3 at room temperature, followed by heating in vacuum to 873 K. It was found that at 133 K and 
0.033 Torr, CF4 adsorbs on closed SWNTs exhibiting its ν3 asymmetric stretching mode at 1267 cm-1 (redshift = -
15cm-1). Adsorption on the nanotube exterior is accompanied by adsorption in the interior in the case of opened 
SWNTs. Internally-bound CF4 exhibits its ν3 mode at 1247 cm-1 (redshift = -35cm-1). It was shown that at 133 K, 
Xe preferentially displaces internally-bound CF4 species, and this counter-intuitive observation was confirmed by 
molecular simulations.The pseudo-one-dimensional confinement of CF4 inside of (10,10) single walled carbon 
nanotubes does not result in the production of the splitting caused by transition dipole – transition dipole interaction 
which is observed in 3D ensembles of CF4.Work supported by the Army Research Office. 
  
228. INSIGHT INTO THE DECONTAMINATION OF CHEMICAL WARFARE AGENTS: THE ADSORPTION 

AND THERMAL DESORPTION OF 2-CHLOROETHYL ETHYLSULFIDE ON TIO2(110).  Tracy 
Thompson1, Tykhon Zubkov1, Oliver Diwald1, John Yates1;  1University of Pittsburgh, 219 Parkman Avenue, 
132 Eberly Hall, Pittsburgh, PA 

The adsorption and thermal desorption of 2-chloroethyl ethyl sulfide (2-CEES), a simulant for the chemical agent 
HD (mustard), was studied on the single crystalline surface of TiO2(110) by use of temperature programmed 
desorption (TPD) and Auger electron spectroscopy (AES). The chemisorbed monolayer of 2-CEES molecularly 
desorbs at approximately 300K and saturates at exposures of 2.5 x1015 molecules/cm2. At high coverages, 
multilayer formation occurs, and desorbs upon thermal activation at approximately 170K. These experiments are a 
prelude to studies of the photooxidation of 2-CEES on TiO2(110).     This work was supported by the DoD 
Multidisciplinary University Research Initiative (MURI) program administered by the Army Research Office under 
Grant DAAD-19-01-0-0619.  
  
229. DIMENSIONAL EFFECTS ON THE LO-TO SPLITTING OF CF4 IN CONDENSED PHASE.  Wai-Leung 

Yim1, J. Johnson1, John Yates1;  1University of Pittsburgh, Department of Chemistry, Surface Science Center, 
Pittsburgh, PA 

Recent experiments indicated that CF4 molecules inside single-walled carbon nanotubes do not show longitudinal 
optical-transverse optical (LO-TO) splitting as in the bulk phase.  In the present work, we have computed 
dimensional effects on LO-TO splitting by density functional perturbation theory.  We have demonstrated how LO-
TO splitting is influenced by the dimensionality of the CF4 environment.  The calculated phonon density of states 
does not show LO-TO splitting for CF4 in a 1-dimensional chain.  We have found that interlayer interactions play an 
essential role in building up the transverse optical band, leading to considerable LO-TO splitting.  This work is 
supported by the Army Research Office. 
  
230. THE EFFECT OF ATOMIC STEPS ON ADSORPTION AND DESORPTION OF CO ON RU(109).  Gregg 

Morgan1, Tykhon Zubkov1, Oliver Kühlert2, Martin Lisowski2, Richard Schillinger2, Dieter Fick2, John 
Yates1, Heinz Jänsch2;  1University of Pittsburgh, 219 Parkman Ave., 126 Eberly Hall, Pittsburgh, PA; 
2Philipps University 
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Ru is well known as an effective catalyst for the hydrogenation of CO to produce hydrocarbons. CO hydrogenation 
likely occurs after CO dissociation on Ru. We have shown that the dissociation of CO occurs preferentially on the 
atomic step sites of the Ru(109) surface, which exposes 9-atom wide terraces of <001> orientation, separated by 
double-atom height steps. This was demonstrated by isotopic mixing studies where 12C16O and 13C18O were 
shown to extensively mix above 480 K, a temperature where the C-O bond vibration has just disappeared in the 
reflection IR spectrum. The isotopically mixed CO desorbs in a distinct recombination process at about 500 K, a 
kinetic process which is absent on the planar Ru(001) surface. Carbon atoms deposited from the decomposition of 
ethylene poisons the step sites, which are responsible for CO dissociation. Thus the well known activity of Ru as a 
Fischer-Tropsch catalyst may be due to the special activity of defect sites with low Ru-Ru coordination numbers 
compared to Ru(001) sites.   Work Supported by DOE-BES  
  
231. ELECTRON IMPACT IONIZATION OF CHEMISORBED ORGANIC MOLECULES - MOLECULAR 

CONFIGURATION AND DYNAMICS OF BENZOIC ACID AND PYRIDINE ON CU(110).  Junseok Lee1, 
Jae-Gook Lee1, John Yates1;  1University of Pittsburgh, Eberly 146, University Dr., Pittsburgh, PA 

Large rigid organic molecules chemisorbed on metals often orient themselves normally to the single crystal surface. 
This has been proven for pyridine and benzoic acid which bond to the Cu(110) surface through the N atom or 
through the carboxylate group at the 1 position. These molecules, when excited by electron bombardment, each 
yield H+ ions from the 3, 4, and 5 positions on the ring, giving similar 3-beam H+ emission pattern in both cases 
when the ion emission directions are imaged spatially. We have found that the ring orientations for the two 
molecules are oriented at 90 degrees to each other, and relative to the crystal axes on the Cu(110) substrate. The 
effect of temperature on the sharpness of the H+ pattern from benzoic acid showed that the molecule undergoes high 
amplitude thermal oscillations perpendicular to the plane of the molecule, and that the amplitude of the molecular 
oscillations is smaller in the orthogonal direction.  Work supported by the W. M. Keck Foundation in the Center for 
Molecular Electronics in the Surface Science Center 
  
232. WEAKENING OF ADSORBATE BONDING ON FINITE SIZE ATOMIC TERRACES: CO ON THE 

STEPPED RU(109) SURFACE COMPARED TO RU(001).  Tykhon Zubkov1, Gregg Morgan1, John Yates1;  
1University of Pittsburgh, 126 Eberly Hall, Pittsburgh, PA 

We have compared the bonding energy, LEED structures, and vibrational frequency of chemisorbed CO on the 
Ru(109) surface, containing 10 atom wide (001) oriented terraces, to chemisorbed CO on the Ru(001) surface as a 
function of CO coverage. The Ru-CO bond is significantly weaker on the 22 Å wide (001) terrace sites of Ru(109) 
than on the Ru(001) surface. Only at the zero coverage limit are equal Ru-CO bond energies observed. In addition, 
lower saturation coverage and in a less dense saturated CO overlayer are observed on the terraced surface with 
finite-width (001) planes. The results are explained by compressive relaxation of the (001) Ru terrace sites, leading 
to a decrease of the average d-band energy and to weaker chemical bonding of the CO.  The implication of a finite-
size substrate effect on chemical bonding to transition metal catalyst crystallites is important since, within the 
framework of this finding, smaller facets will exhibit weaker chemisorptive bonding than larger facets.   Work 
supported by DOE-BES 
  
233. ULTRA-SMALL CARBON-DOT PATTERNS FOR DIRECTED QUANTUM DOT GROWTH.  Olivier 

Guise1, Hubertus Marbach1, Jeremy Levy1, Joachim Ahner2, John Yates1;  1University of Pittsburgh, 117 
Eberly Hall, Pittsburgh, PA; 2Seagate Technology, Pittsburgh, PA 
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The controlled growth of patterns of small quantum dots in the diameter range of 10nm is critical for application in 
quantum computer architectures.        We succeeded in writing large-scale patterns of ultra-small carbon-containing 
dots (smaller than 8nm) with high position accuracy (<5nm) by electron-beam-induced dissociation (ESD) of carbon 
containing background gases in a modified high resolution SEM. The local coverage of carbon in the dots could be 
controlled down to 0.01 monolayer.  Subsequent annealing experiments up to 1400K in UHV show no change in 
either the dot size or its localization, making them ideal candidates for nucleation sites for large-scale growth of 
quantum dot patterns.       In order to better understand the chemistry of the carbon dot formation we have 
investigated the electron-stimulated dissociation of different hydrocarbons on Si(100) in controlled UHV 
experiments using AES, XPS and TPD measurements. As evidenced by XPS and Auger line shape analysis, we 
observe a transition from amorphous carbon to graphitic carbon on the Si(100) surface as the electron dosing time is 
increased. While annealing the radiated films we observed for all gases a sudden decrease of the carbon Auger 
electron yield around 1100K. Auger line shape analysis combined with XPS suggests that a transition of the carbon 
into SiC occurs. The SiC formation explains the extremely high temperature stability of the ultra-small carbon dots. 
Large coverages of SiC can be created with this technique unlike chemical vapor deposition.       We will use these 
carbon-dots patterns as templates for subsequent Ge deposition. The status of these experiments will be described.       
This work was supported by DARPA QuIST through ARO contract number DAAD-19-01-1-0650.  
  
234. THE NANOWORKBENCH: A NOVEL TOOL TO PROBE ELECTRONIC PROPERTIES OF SURFACES 

AND SMALL STRUCTURES IN THE NANOMETER RANGE.  Hubertus Marbach1, Olivier Guise1, 
Jeremy Levy1, Joachim Ahner2, John Yates1;  1University of Pittsburgh, Department of Chenistry, Surface 
Science Center, Pittsburgh, PA; 2Seagate Technology, Pittsburgh, PA 

To investigate the properties of surfaces and small particles in the nanometer range we developed a novel 
experimental setup: the nanoworkbench (NWB).    The core of the NWB consists of an array of four manipulators in 
UHV which can be positioned individually with nanometer precision. Equipped with sharp metal tips we can use the 
manipulators to contact the sample electrically. Four terminal measurements like van der Pauw or four-point probe 
measurements can be performed with the setup. Part of the design is an electron focusing column which enables us 
to image the sample and the four tips in situ by means of scanning electron microscopy. Running the 
nanomanipulators in scanning tunnelling mode provides an additional imaging method.     The whole NWB setup 
consists of three interconnected UHV chambers. Besides the mentioned unique four tip instrument the NWB houses 
different classical surface analysis tools (e.g. AES, XPS, QMS, LEED) as well as tools for sample preparation (e.g. 
electron beam evaporators).     The design of the NWB and the principle of the measurements will be presented.          
Work supported by AFOSR and DARPA  
  
235. WATER WETTING ON ATOMICALLY CLEAN TIO2 AND UV INDUCED HYDROPHILICITY.  Dirk 

Stahl1, Tracy Thompson1, Oliver Diwald1, John Yates1;  1University of Pittsburgh, Surface Science Center, 
Department of Chemistry, Pittsburgh, PA 

Due to a variety of applications ranging from antifogging rearview mirrors to self cleaning window glass the so 
called hydrophilicity effect, i.e. the fact that initially hydrophobic TiO2-surfaces become hydrophilic with a water 
contact angle close to zero degrees by UV-irradiation, attracted much attention since its discovery by Fujishima and 
coworkers in 1997. Nevertheless the true nature of this effect has not been clarified, because water wetting studies 
have only been carried out under ambient conditions so far. Despite appreciable efforts to clean the sample several 
atomic layers of various kinds of contamination including hydrocarbons from the air will always be present on the 
surface under these conditions. So far it is not even clear if clean TiO2 is not in principle hydrophilic. Therefore we 
have designed a system consisting of two vacuum chambers to investigate the UV-induced hydrophilicity effect on 
TiO2 surfaces under controlled conditions. In the first chamber an atomically clean surface is prepared under ultra 
high vacuum conditions. Then the sample is transferred to the second chamber, which can be pressurized with a 
water saturated inert gas atmosphere. To measure the contact angle a droplet of ultrapure water is placed on the 
surface. Our first results indicate that on the one hand the water contact angle on the atomically clean fully oxidized 
TiO2(110) surface is indeed considerably larger than zero degrees and that on the other hand UV-irradiation in water 
saturated inert gas atmosphere does not change the wetting properties of the atomically clean surface. This work has 
been supported by PPG industries.  
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236. OBSERVATION OF TRAPPED ELECTRON EXCHANGE EFFECTS BETWEEN A SEMICONDUCTOR 
AND ADSORBED MOLECULES.  Dimitar Panayotov1, Petro Kondratyuk1, John Yates1;  1University of 
Pittsburgh, Surface Science Center, Department of Chemistry, Pittsburgh, PA 

The mixed-oxide photocatalyst, TiO2-SiO2, is able to store electronic charge by trapping of thermally excited 
electrons near the bottom of the conduction band. These trapped electrons may be observed by their non-frequency 
specific absorption of infrared radiation that produces an increased background absorbance in the infrared region. 
We have found that adsorbed molecules can capture these trapped electrons stored in the bulk of the TiO2-type 
regions of the mixed oxide. The electrophilic character of the adsorbed molecule governs this effect. Both molecular 
O2 and an organosulfur molecule containing a Cl moiety effectively capture trapped electrons, whereas a similar 
organosulfur molecule not containing Cl is ineffective for electron trapping. These observations are related to 
environmental remediation scenarios involving solar-driven photooxidation on TiO2-based photocatalysts.  Work 
supported by the DOD Multidisciplinary University Research Initiative (MURI) program administered by the Army 
Research Office under grant DAAD19-01-0-0619. 
  
237. THE QUEST FOR CHIRAL SURFACES WITH OPTIMUM ENANTIOSELECTIVITY.  Anjanette 

Koritnik1, Joshua Horvath1, Andrew Gellman1;  1Carnegie Mellon University, Dept. of Chemical 
Engineering, Doherty Hall B207, Pittsburgh, PA 

Chirality, that property of an object by which it is non-superimposable on its mirror image, is an important aspect of 
both agrochemical and pharmaceutical production because of the dramatic biological differences between 
enantiomers.  This mandates the need for enantioselective chemical processes.  Chiral surfaces which are capable of 
enantioselectivity can be formed by cleavage of achiral bulk crystals along high Miller index planes which expose 
kinked surfaces.  In previous work, enantioselective adsorption was observed for (R)-3-methylcyclohexanone on the 
Cu(643)R and Cu(643)S surfaces, which have (111)-terraces, (100)-steps, and (110)-kinks.  Motivated by these 
results, the present work examines the adsorption of (R)-3-methylcyclohexanone on the Cu(653)R and Cu(653)S 
surfaces, which also have (111)-terraces, but (110)-steps and (100)-kinks instead.  Surprisingly, there are noticeable 
differences in the temperature-programmed desorption (TPD) spectra for (R)-3-methylcyclohexanone on Cu(653) 
relative to Cu(643), consistent with a lower density of kink sites on the Cu(653) surfaces.  Furthermore, no 
enantioselective differences are seen in the TPD spectra for (R)-3-methylcyclohexanone on Cu(653)S versus 
Cu(653)R.  A possible explanation for this lack of enantioselectivity on the Cu(653) surfaces is explored through the 
use of Infrared Reflection-Absorption Spectroscopy (IRAS) to compare the orientation of (R)-3-
methylcyclohexanone on Cu(653)R versus Cu(653)S and on Cu(653) versus Cu(643).     
  
238. ETHYL IODIDE DECOMPOSITION ON CU(111) AND CU(221).  Dougyong Sung1, Andrew Gellman1;  

1Carnegie Mellon University, Forbes Ave. 5000, Pittsburgh, PA 

Ethyl iodide decomposition on the Cu(111) and Cu(221) surfaces has been studied using thermal desorption 
spectroscopy and high resolution electron energy loss spectroscopy.  On both surfaces ethyl iodide decomposes to 
produce ethyl groups and adsorbed iodine atoms.  The ethyl groups decompose by β-hydride elimination to desorb 
as ethylene leaving adsorbed iodine atoms.  The kinetics of β-hydride elimination on the Cu(221) surface are similar 
to those on the Cu(110) surface suggesting that the ethyl groups are reacting at the (110) step edges rather than on 
the (111) terraces.  Vibrational spectra of the iodine atoms remaining on the surfaces after decomposition of the 
ethyl groups have been used to probe the iodine binding sites and to corroborate predictions based on density 
functional theory that the iodine atoms bind to the tops of the step edges.  Iodine atoms on Cu(111) exhibit 
vibrational modes at 130 cm-1 and 235 cm-1 that we assign empirically to in-plane and out-of-plane vibrations, 
respectively, of iodine atoms adsorbed at fcc sites on the (111) plane.  On the stepped Cu(221) surface an additional 
peak appears at 80 cm-1 arising from iodine adsorbed at the step edges.  The fact that this mode is at a lower 
frequency than the in-plane mode on the Cu(111) surface suggests that the iodine atom is adsorbed at the top of the 
step edge where its motion is unconstrained.  These experimental results are consistent with the theoretical 
prediction that iodine atoms adsorb at the top of the step edges on the Cu(221) surface. 
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239. STM OBSERVATION OF THE NANOPATTERNS ON CU(001)-C(2X2)N SURFACES.  Shinya Ohno1, 
Kazuma Yagyuu2, Kan Nakatsuji2, Fumio Komori2;  1University of Pittsburgh, 234 Chevron Science Center, 
Department of Chemistry, Pittsburgh, PA; 2University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba, Japan 

On a flat Cu(001)-c(2x2)N surface, square patches with the c(2x2)N structure and 5x5 nm2 in size can be squarely 
arranged along the <100> direction by adjusting the nitrogen coverage. The uncovered Cu surface forms the "grid 
pattern" made of the clean Cu lines with the width of 2 nm on average. Here we report quite different nanopatterns 
on the Cu(001)-c(2x2)N surface vicinal to the <110> direction.   One of the novel nanopattern is the "labyrinth 
pattern", on which the Cu lines are aligned in the <110> direction and not the <100> direction. The size and shape of 
the nitrogen-covered domains are not homogeneous on this surface. We also found a novel one-dimensional 
nanopattern, the "stripe pattern", by prolonged annealing. These findings illuminate the role of the steps to the 
template for fabricating one-dimensional metal wires with the equal width and spacing.   We also present the 
oxygen-adsorption behavior on the grid pattern, which reveal the preferential dissociation of oxygen molecules on 
the relatively stretched Cu surface and the dynamics of oxygen adsorbates on the grid pattern at room temperature. 
After dissociation, oxygen adsorbates are confined on the clean Cu surface and not moving across the nitrogen-
covered patches. This enables us to observe the dependence of the dissociation barrier on the substrate lattice 
constant directly rather than that of the adsorption barrier. 
  
240. STM INVESTIGATION OF THE TIO2(110) SURFACE-DEFECT PRODUCTION BY UV LIGHT.  Petro 

Maksymovych1, Sergey Mezhenny1, John Yates1;  1University of Pittsburgh, Department of Chemistry, 139 
Eberly Hall, Pittsburgh, PA 

An unusual phenomenon occurs when TiO2 is irradiated with UV light. The contact angle with water is observed to 
decrease to near zero as enhanced wetting occurs. One theory is that UV irradiation causes oxygen vacancy defects 
to form and these react with water molecules to produce Ti-OH groups which are hydrophilic. We have investigated 
the production of defect sites on fully oxidized TiO2(110) and on partially reduced TiO2(110) surfaces, using the 
STM. On the fully oxidized surface no defect formation was observed even for very high photon fluxes. On the 
reduced TiO2 surface, a very inefficient rate of defect production was observed with a cross section of only 10-23.5 
cm2 for photons in the range from 3.0 eV.to 5.4 eV. These measurements are inconsistent with the model proposed 
by others, suggesting that another effect is responsible for the UV-induced hydrophilicity of TiO2.    Work 
supported by PPG Industries and by an ARO MURI grant.   
  
241. SINGLE MOLECULE FORCE SPECTROSCOPY OF ISOLATED AND AGGREGATED FIBRONECTIN 

PROTEINS ON NEGATIVELY CHARGED SURFACES IN AQUEOUS LIQUIDS.  Pamela Meadows1, 
Gilbert Walker1;  1University of Pittsburgh, 219 Parkman Avenue, Chevron Science Center, Rm G12, 
Pittsburgh, PA 

Plasma fibronectin (FN) was adsorbed to negatively charged surfaces, and the mechanical behavior of both isolated 
and aggregated FN molecules was observed using molecular force spectroscopy. Images of FN molecules show that 
the isolated proteins are already partially denatured and mechanically pulling on them yields force transitions at 
distance intervals significantly shorter than the domains´ contour lengths. Only when FN was aggregated on the 
surface did force transitions occur at length intervals corresponding to Type III domain lengths.  Apparently, FN´s 
density on the surface plays a critical role in protein stabilization. The dependence of the transition forces on the 
loading rates were also measured and modeled. In measurements done on single proteins in aggregates, one barrier 
in the direction of the applied force was observed for domain denaturation; however, studies of isolated single 
molecules revealed two barriers, where both arise from protein-surface interactions.  
  
242. ADSORPTION AND DIMERIZATION OF NO INSIDE OF SINGLE WALLED CARBON NANOTUBES - 

AN INFRARED SPECTROSCOPIC STUDY.  Petro Kondratyuk1, Oleg Byl1, John Yates1;  1University of 
Pittsburgh*, 219 Parkman Ave., Pittsburgh, PA 
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The physical adsorption of NO on purified single walled carbon nanotubes was investigated at low temperatures by 
means of transmission infrared spectroscopy. Ozone treatment followed by annealing was used as a method of 
opening the entry ports for adsorption into the interior of the nanotubes. The IR spectra show that NO which is 
adsorbed inside of nanotubes exists exclusively in its dimer form, with no infrared bands of the monomer visible at a 
sensitivity level of 5 mole % NO. The internally adsorbed NO dimer species observed is cis-(NO)2 with 
ν1(symmetric) = 1853 cm-1 and ν5(asymmetric) = 1754 cm-1. Introduction of Xe into the system leads to selective 
displacement of the internally-bound cis-(NO)2 dimer. A large spectroscopic red shift of the symmetric [-0.80%] 
and the asymmetric [-1.96%] modes for cis-(NO)2 adsorbed inside of nanotubes (relative to gas phase cis-(NO)2) 
points to the strong interaction of the dimer with the nanotube interior. The enthalpy of dissociation of the adsorbed 
dimer molecule is 15.1±0.7 kJ/mol. This work represents one of the early spectroscopic studies of molecules 
adsorbed inside nanotubes.This work was supported by the Army Research Office.  
  
243. CO ADSORPTION ON THE CO-PRECOVERED PT(111) SURFACE CHARACTERIZED BY DENSITY 

FUNCTIONAL THEORY.  J. Steckel1, A. Eichler2, J. Hafner2;  1National Energy Technology Laboratory, P. 
O. Box 10940, Pittsburgh, PA; 2Institut fur Materialphysik and Center for Computational Materials Science, 
Sensengasse 8/12, Vienna, Austria 

Ab-initio density-functional investigations of the gradual adsorption of increasing amounts of CO on partially pre-
covered Pt(111) surfaces are presented. Our calculations show that up to pre-coverages as high as 0.5 mono-layer 
(ML) CO, the adsorption energy is minimally influenced by lateral interactions and that adsorption of additional CO 
molecules remains an unactivated process. The saturation coverage is estimated to be ∼0.67 ML.  Beyond this limit 
the adsorption energies are strongly reduced and substantial barriers against further adsorption are built up. For the 
high-coverage limit, energetic considerations, the calculated adsorption geometries, and the analysis of the 
calculated frequency spectra all favor a model with the c(√3 x 3) periodicity. 
  
244. ACTIVATION OF THE SIC SURFACE FOR VAPOR PHASE LUBRICATION BY CHEMICAL VAPOR 

DEPOSITION OF FE.  Donggun Kim1, Dougyong Sung1, Andrew Gellman1;  1Carnegie Mellon University, 
Chemical Engineering, Doherty Hall B204, Pittsburgh, PA 

Vapor phase lubrication (VPL) has been proposed as a method for lubricating high temperature engine components.  
During VPL, lubricants are continuously delivered in the vapor phase to the high temperature engine parts and react 
to deposit a thin, solid, lubricating film which protects the engine surfaces exposed to sliding wear. Previous 
research has studied tricresylphosphate (TCP) [(CH3-C6H4O)3P=O], one of the most common vapor phase 
lubricants. TCP decomposes on metal surfaces to form polyphosphate films containing carbon and phosphorous 
elements. This carbon/phosphorous film is known to provide effective lubrication. The surfaces of ceramics such as 
SiC are unreactive for the decomposition of TCP and thus not amenable to vapor phase lubrication. As a means of 
activating the surface of SiC, through the vapor phase we have used chemical vapor deposition of Fe from Fe(CO)5. 
The objective of this research is to understand the differences in the surface chemistry of TCP on SiC surfaces and 
Fe-coated SiC surfaces.  The activation of SiC surfaces by chemical vapor deposition of Fe was studied using Auger 
electron spectroscopy (AES) to monitor the deposition of carbon and phosphorous on SiC surfaces during exposure 
to TCP.  The results of this research show that TCP decomposes more readily on Fe-coated SiC surfaces than on SiC 
surfaces and that increasing the coverage of Fe increases the carbon and phosphorous deposition rate.  Oxidation of 
the Fe further accelerates TCP decomposition. This work provides a proof-of-concept demonstration of the potential 
for vapor phase lubrication of ceramics. 
  
245. LASER INDUCED DESORPTION AND DECOMPOSITION OF FOMBLIN ZDOL ON CARBON 

OVERCOATS.  Min Lim1, Andrew Gellman1;  1Carnegie Mellon University, Department of Chemical 
Engineering, Pittsburgh, PA 
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Heat assisted magnetic recording (HAMR) on computer hard disks requires the media and the lubricant to be heated 
to 400 ~ 650 °C on the disk surface in a few nanoseconds. This rapid laser induced heating can cause the desorption 
and decomposition of lubricant, either which degrades the lubricant film and decrease its wear durability 
significantly. Analysis of the desorption and decomposition kinetics of polymeric lubricants such as Fomblin Zdol 
demonstrates that desorption is favored over decomposition at high temperatures for molecules with molecular 
weights of less than 3000. For molecules with higher molecular weights decomposition is favored over desorption at 
the temperatures that are used for heat assisted recording. The lubricant life time is estimated from its decomposition 
kinetics to be of the order of 107 write cycles if heated to temperatures in the range 400 °C to 650 °C for periods of 
1 ns. 
  
246. STUDYING THE SURFACE MODULUS USING ATOMIC FORCE MICROSCOPY.  Yujie Sun1, Boris 

Akhremitchev2, Gilbert Walker3;  1University of Pittsburgh, Pittsburgh, PA; 2Duke University; 3University of 
Pittsburgh 

Based on Johnson-Kendall-Roberts (JKR) Theory, a model was proposed to measure Young´s moduli of soft 
materials using AFM tip-sample adhesion interactions.  Polymers with different degrees of cross-linking were 
studied. The distribution of Young´s moduli of the polymers were calculated from their AFM force volume data. 
The Young´s moduli versus degree of polymerization of polymer curve was fitted, and the fitting was consistent 
with expectations from the kinetic theory of rubber elasticity. The factors that affect the tip-sample adhesion 
behavior are also discussed. 
  
247. FLUORESCENCE LABELING OF SURFACE FUNCTIONALITIES ON CARBON MATERIALS: 

ACTIVATED CARBON FIBER AND SINGLE WALLED CARBON NANOTUBES.  Xue Feng1, Kessler 
McCoy-Simandle1, Radisav Vidic1, Eric Borguet1;  1University of Pittsburgh, Surface Science Center, 
Pittsburgh, PA 

Surface chemical heterogeneity plays important roles in determining the properties and applications of carbon 
materials, such as activated carbon fibers and single walled carbon nanotubes (SWNTs).   In this study, fluorescent 
labeling of surface species (FLOSS) was used to both qualitatively and quantitatively monitor functionalities on 
carbon surfaces.  Three chromophores, pyrene, naphthalene and trityl with appropriate functionalities to detect the 
proposed surface groups were selected. Specific covalent attachment of fluorescent chromophores to surface 
functional groups tests the existence of –OH, - COOH and –CHO on these materials.   
  
248. ADSORPTION OF HYDROGEN SULFIDE ON ACTIVATED CARBON FIBERS: EFFECT OF PORE 

STRUCTURE AND SURFACE TREATMENT.  Wenguo Feng1, Radisav Vidic1, Xue Feng1, Eric Borguet1;  
1University of Pittsburgh, 975 Benedum Hall, Pittsburgh, PA 

Sulfur impregnated carbon-based materials have been shown to be effective sorbents for vapor-phase elemental 
mercury.  One mode of sulfur impregnation involves catalytic oxidation of hydrogen sulfide (H2S) on the carbon 
surface in the presence of oxygen. Adsorption of H2S on activated carbon fibers (ACFs) was studied first to 
establish baseline condition for the assessment of catalytic activity of carbonaceous surfaces. Adsorption and 
desorption of H2S onto/from three ACFs after different surface treatments (oxidation and heat treatment) were 
investigated in a fixed bed reactor system coupled with a residual gas analyzer. Surface area and pore size 
distribution of ACFs were determined using the BET method. It was found that bigger pore volume and/or higher 
surface area are most important factors for the adsorption of H2S. It seems that both oxidation and heat treatment 
improve adsorption capacity for H2S, but these effects are not significant. Without oxygen in the gas stream, the 
adsorption capacities of all ACFs for H2S are rather low. In all cases, there is a certain amount of hydrogen sulfide 
irreversibly adsorbed onto the carbon surface, which could be due to chemisorption of H2S. The effects of 
temperature on H2S adsorption were also investigated using temperature programmed desorption (TPD).  TPD 
spectra exhibited peaks of sulfur species (34 AMU and 32 AMU) around 320oC, which indicates strong interaction 
between these species and the carbon surface. FTIR study suggested the existence of oxidized sulfur species, such as 
-SO3H group. 
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249. SEPARATION OF THE OXIDIZED FORMS OF HEN EGG WHITE LYSOZYME AND THEIR 
CHARACTERIZATION BY MASS SPECTROSCOPY.  Michael Serra1, Benjamin Kutay1, David 
Anderson2;  1Youngstown State University, One University Plaza, Youngstown, OH; 2Cleveland State 
University, 2121 Euclid Avenue, Cleveland, OH 

Reactive oxygen species (ROS) are a class of compounds produced by the reduction of molecular oxygen.  ROS 
play a role in over 100 human diseases.  They are generated by a variety of mechanisms the most common being the 
reduction of endogenously produced hydrogen peroxide by a transition metal ion like copper or iron.  A variety of 
antioxidant defense mechanisms exist that prevent the oxidative damage caused by these species, but during certain 
diseases, the aging process, and during periods of oxidative stress metal ion concentrations in blood plasma 
increases.    The free metal ions bind to available biological molecules.  Reaction of the bound metal ion with 
hydrogen peroxide leads to oxidative damage in the immediate vicinity of ROS production.  Such damage is referred 
to as site-specific oxidation.   Site-specific oxidation in proteins results in a number of modifications including 
peptide bond cleavage, oxidation of one or more amino acid residues, and enzyme inactivation.     To investigate the 
role protein structure plays in determining the sites of oxidation hen egg white lysozyme was selected as a model 
protein.  Its small size simplifies analysis of the oxidized species, and its well defined structure allows for a 
correlation between sites of oxidation and the structural characteristics of the protein.  Lysozyme was exposed to 
copper/hydrogen peroxide for four minutes.  The resulting mixture was separated by HPLC and the individual 
species examined by mass spectroscopy to determine the number and sites of oxidation events.  
  
250. THE ACTIVATION MECHANISM OF RHODOPSIN.  Basak Isin1, Judith Klein-Seetharaman1, Ivet Bahar1, 

A. Raderas1;  1University of Pittsburgh, W1041 Biomedical Science Tower, 200 Lothrop St., Pittsburgh, PA 

All G-protein-coupled receptors (GPCRs) share a common molecular architecture, and are believed to utilize a 
common signaling mechanism. They are involved in a number of clinically important ligand/receptor processes. 
Rhodopsin is a highly specialized GPCR that detects photons in the rod photoreceptor cell of the eye. The crystal 
structure of the ground state of rhodopsin has been solved recently providing the first three-dimensional molecular 
model for a GPCR. Understanding the functional motions of rhodopsin and its interaction with G-proteins will 
provide an opportunity to investigate the properties of GPCRs and their signaling mechanism. In this study, we aim 
at understanding the mechanism of activation of rhodopsin, its interaction with transducin (Gt). The analytical 
approaches that will be adopted and improved here are the Gaussian network model (GNM) and its extension, the 
anisotropic network model (ANM). These models were introduced for describing the dynamics of proteins, or their 
complexes, in the folded state. While the GNM investigates the magnitudes of motion of the residues in the 
structure, the direction of individual residue fluctuations can be predicted by the ANM. Currently, the GNM and 
ANM have been used to understand the structure-function relationship of rhodopsin. It has been shown 
experimentally that the conformational changes during light activation of rhodopsin lead to opening of the helical 
bundle at its cytoplasmic end exposing various regions for interaction with the G-protein. Our preliminary results 
using the ground state structure of rhodopsin suggest that the mechanism for the observed opening of the helical 
bundle is mediated by a torsional rotation of the molecule centered on Helix 3. The cytoplasmic end of helix 4 
moves away from the cytoplasmic end of helix 3, the most flexible region in helix 3, and stretches the cytoplasmic 
loop 2. Helix 6 is more flexible than helix 3 and rotates while simultaneously elongating, like a turning screw. The 
results also give information about the mechanism for the activation of the G-protein. The motion of helix 6 can 
trigger the conformational changes in the G-protein which lead to GDP/GTP exchange. Good agreement between 
theoretically predicted fluctuations of individual residues and corresponding X-ray crystallographic temperature 
factors is found, which lends support to the GNM and ANM. 
  
251. MODELING OF APOPTOSIS AND EFFECT OF NITRIC OXIDE.  Zerrin Bagci1, G. Ermentrout1, Yoram 

Vodovotz1, Peter Kim1, Carson Chow1, Timothy Billiar1, Ivet Bahar1;  1University of Pittsburgh, School of 
Medicine, Pittsburgh, PA 
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Modulation of apoptosis, or programmed cell death, is a biological process of therapeutic relevance as its 
dysregulation is associated with several diseases. Experimental data indicate that nitric oxide (NO) concentration 
and chemical fate are likely to determine whether this molecule is pro- or anti-apoptotic in cells such as hepatocytes 
and endothelial cells. Computations may be efficiently used to handle this complexity, provided that the 
mathematical model is designed in conjunction with experiments. We have recently built such a mathematical 
model, using the feedback provided by experiments. The mathematical approach involves (A) the construction of a 
state diagram that combines caspase activation pathways with the most common chemical reactions or molecular 
interactions of NO, and (B) the solution and analysis of the dynamics of the constructed state diagram using non-
linear dynamics theory and methods. Hepatocytes were chosen as the cell type to be studied, and the interactions 
specific to them were incorporated into the model. The model reproduced experimental observations, such as 
apoptosis induced by over-expression of Fas-associated Death Domain (FADD) protein and modulation of apoptotic 
effects of NO by iron. These results suggest that modulation of iron, oxygen, and superoxide may dictate whether 
NO is hepatoprotective or hepatotoxic. We suggest that an iterative process of model development, cell-based 
experiments, and hypothesis generation will lead to improvements in the model. 
  
252. FOLDING CORE PREDICTIONS FROM NETWORK MODELS OF PROTEINS.  A. Rader1, Ivet Bahar1;  

1University of Pittsburgh, W1041 Biomedical Science Tower, 200 Lothrop St., Pittsburgh, PA 

Two different computational methods are employed to predict protein folding nuclei from native state structures, 
one based on an elastic network (EN) model, and the other on a constraint network model of freely rotating rods. 
Three sets of folding cores are predicted with these models, and their correlation against the slow exchange folding 
cores identified by native state hydrogen-deuterium exchange (HX) experiments is used to test each method. These 
three folding core predictions rely on differences in the underlying models and relative importance of global or local 
motions for protein unfolding/folding reactions. For non-specific residue interactions, we use the Gaussian Network 
Model (GNM) to identify folding cores in the limits of two classes of motions, shortly referred to as global and 
local. The global mode minima from GNM represent the residues with the greatest potential for coordinating 
collective motions and are explored as potential folding nuclei. Additionally, the fast mode peaks that have 
previously been labeled as the kinetically hot residues are identified as a second folding core set dependent on local 
interactions. Finally, a third folding core set is defined by the most stable residues in a simulated thermal 
denaturation procedure of the FIRST software. This method uses an all-atomic analysis of the rigidity and flexibility 
of protein structures, which includes specific hydrophobic, polar and charged interactions. Comparison of the three 
folding core sets to HX data indicate that the fast mode peak residues determined by the GNM and the rigid folding 
cores of FIRST provide statistically significant enhancements over random correlation. The role of specific 
interactions in protein folding is also investigated by contrasting the differences between these two network-based 
computational methods. 
  
253. RATIO OF CONVECTION TO STORAGE AND PULSATIONS IN FINITE SPEED HEAT CONDUCTION.  

Kal Sharma1;  1Anna University, Formerly Principal, Poonamalle High Road, Chennai, Tamil Nadu, India 

When a finite slab at some initial temperature is suddenly brought in contact with a fluid at a higher temperature at 
either of its ends,  the transient temperature profile using  the  modified Fourier expression for heat conduction is 
obtained . The method of  separation of variables was used. For values of small a, a < h/S where h is the heat 
transfer coefficient of the heating fluid and S the storage coefficient of the conduction medium (S = rhoCp/tr  ) 
pulsations in temperature in time domain will occur.  Then the transient temperature profile will be given by;  u   =   
SUM(0..Inf)cn Cos (sqrt(1/4    -ln^2) t) Cos( ln X)                                      where ln  =   sqrt(h/S/a)  +  npi      cn  can 
be obtained from the initial condition and the orthogonal property and is found to be   4(-1^n+1/(2n-1) pi.  For large 
a, ln  needs to be solved from equation (24). The transient solution is bifurcated.    
  
254. IDENTIFYING IMPORTANT "WORDS" IN THE LANGUAGE OF PROTEINS.  Betty Cheng1, Judith 

Klein-Seetharaman2, Jaime Carbonell1;  1Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA; 
2University of Pittsburgh, Biomedical Science Tower E1355, Pittsburgh, PA 
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DNA and protein sequences are often referred to as “biological language” and linguistic metaphors are used 
frequently to describe biological phenomena.  In particular, the typical bioinformatics problems of classifying 
proteins into a hierarchy of superfamilies, families and subfamilies and detecting motifs are analogous to the 
problem of document classification in language technology research.  Using the language analogy, we developed a 
novel method of motif detection based on family hierarchy classification.  A popular approach in document 
classification is the application of a machine learning classifier on the counts of words in a document.  The choice of 
the classifier depends on the nature of the dataset.  However, no classifier can handle the large number of features 
the count of each unique word in the document set will generate, nor is it necessary.  Instead, a range of feature 
selection methods have been developed to select the most important keywords for the specific task, of which chi-
square has been determined to be the most successful for the classification task (1).  In protein classification, each 
protein sequence is viewed as a “document” where a “word” is an n-gram, a short sequence of n amino acids.  
Previously, a range of classifiers of varying complexity from k nearest neighbours to support vector machines 
(SVM) have been tested on the classification of G-protein coupled receptors (GPCR) at the superfamily and 
subfamily levels (2).  The GPCR superfamily is an important dataset for protein classification because they are the 
target of approximately 60% of current drugs (3).  Its classification is difficult due to the extreme diversity among its 
members (4).  It was shown that the more complex classifier SVM performed better than the other classifiers at the 
subfamily level classification (2).  Here, we show that the much simpler Naïve Bayes classifier outperforms the 
SVM, given the counts of the important “words” as determined by chi-square.  Moreover, these important 
“keywords” correlate with motifs previously identified through wet-lab experiments; thus, providing us with a 
method to detect motifs conserved at each level in the classification hierarchy.  References: 1. Yang and Pedersen 
(1997), International Conference on Machine Learning, p. 412-420 2. Karchin et al. (2002), Bioinformatics 
18(1):147-159 3. Muller (2000), Current Medical Chemistry, 7(9):861-888 4. Moriyama and Kim (2003), Stadler 
Genetics Symposium  
  
255. BINOMIAL TREE REPRESENTATION FOR THE MAXIMUM SUBSEQUENCE PROBLEM.  Kal 

Sharma1;  1Anna University, Formerly Principal, Poonamalle High Road, Chennai, Tamil Nadu, India 

The recursive solution of the maximum subsequence problem by starting with the solution for the n-1 elements and 
comparing the nth entry with the last element in the n-1 element array can be completed in n time. But in practical 
terms the starting point need be identified which can be any of the n elements making it O(n*2). The binomial tree 
representation of the array although may take the space it does (O(2^n) ) will yield the solution in O(n) time. The 
deepest branch is the maximum subsequence.  Applications in Interpolated Context Models in Gene Finding can use 
this. 
  
256. INCIDENCE RELATION IN RESTRICTION MAPPING FOR THE CASE OF THREE ENZYMES.  Kal 

Sharma1;  1Anna University, Formerly Principal, Poonamalle High Road, Chennai, Tamil Nadu, India 

A three dimensional matrix representation in  restriction mapping is discussed.  A simple case of A,B,C maps are 
taken as a example and a cutrice of 3 rows by 3 columns by 3  floors is constructed. The transpose and mulitplicaion 
operations are defined for the 3 dimensional matrix. The incidence relation  can be written as a extension of the 
binary case ; I(A,B)  = I(A,A^B)* Trans.I (B, A^B) Ternary Case; I(A,B,C) = Trans.I{A,A^B^C) *(I{B,A^B^C}*                  
Trans.{C,A^B^C}} The relation for the general case of k enzymes  is discussed. The proof of the ternary case is an 
extension of the binary case; Sum {Xil Yjl Zkl} 
  
257. ISOLATION AND CHARACTERIZATION OF FLUORESCENT WATER-SOLUBLE SPECIES FROM 

HUMAN SERUM.  Ashraf Elamin1, David Seybert1;  1Duquesne University, 600 Forbes Ave, Pittsburgh, PA 
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Lipid peroxidation has been linked to the pathogenesis of numerous diseases including atherosclerosis, cancer and 
Parkinson´s disease as well as being associated with drug associated toxicity and aging.  Aldehydes such as 
malondialdehyde (MDA), 4-hydroxy-2-nonenal (HNE) are end products of this process, and they exhibit facile 
reactivity with various biomolecules, such as proteins and phospholipids, generating stable products.  Previous in 
vitro model studies have shown that modification of proteins by these aldehydes produce fluorescence with 
excitation maxima at 350 nm and emission maxima at 460 nm.  We have begun characterization of these water-
soluble fluorescent (WSF) species present in human serum.  Previously, we had determined that serum albumin was 
one of the fluorescently modified proteins in serum.  Recently we have identified serum transferrin (HST) as an 
additional contributor to WSF in human serum.  In vitro studies confirm that HST generates a fluorophore upon 
reaction with aldehydes, and the functional consequences of these modifications are currently under investigation.    
  
258. PROTEOMICS BY DIMENSIONAL SEPARATIONS TECHNOLOGY.  Kal Sharma1;  1Anna University, 

Formerly Principal, Mount Poonamalle Road, Chennai, Tamil Nadu, India 

The next great challenge after completion of genome may be the proteome.  Two dimensional gel electrophoresis 
folowed by mass spectrometry can be utilized.  Technical hurdles in the project include distinguishing proteins 
which differ only in post translational modifications. Proteins are the functional end products of gene expression and 
sequencing of the human and other genomes will result in the next generation of biological materials. The critical 
steps involved are the identification of a useful protein and subsequent production and purification. When working 
with proteins from sample where genomic information is available (eg. Escherichia Coli) proteins are separated by 
charge and molecular weight in two dimensions.  The protein spot is then subjected to MALDI-TOF mass 
spectrometry and peaks matched against expected peptides.  The extraction and purification of proteins currently 
relies on traditional protein biochemistry techniques. Glycosylation, phosphorylation and amidation steps in the post 
translational modified protein is reviewed.  A third dimension is proposed in addition to charge and molecular 
weight in the separations scheme. This has to do with exploiting the relaxation times and finite speed diffusion. 
  
259. OPTIMALITY IN PIN PRINTING AND JET PRINTING.  Kal Sharma1;  1Anna University, Formerly 

Principal, Mount Poonamalle Road, Chennai, Tamil Nadu, India 

In microarray fabrication both pin printing and ink-jet priniting is utilized. The total time to print including the print 
time, fill time, set-up time is written in terms of the number of pins ;  Tp = G/P (NTc + Tf*p + Ts*Pp)  Where Tp = 
total time to print; Tf = fill time per cycle; Ts = set-up time.  Let p be the number of pins. The number of pins for 
optimal print time can be calculated by differentiating the objective function and seting it to zero.  This is then 
compared with the time taken to print N arrays by ink-jet printing technology.  The conditions where it is 
appropriate to use pin printing and where it is to use the ink jet printing is derived. 
  
260. DEVELOPMENT OF A SAFETY-CATCH LINKER FOR THE RELEASE OF ELECTROPHILES.  

Christopher Ciolli1, Konstantin Levitsky1, Sean Kalagher, Peter Belshaw1;  1University of Wisconsin-
Madison, Department of Chemistry, 1101 University Avenue, Madison, WI 

Development of a novel safety-catch linker for attachment of combinatorial library members to solid phase synthesis 
resins is presented.  Cleavage of the linker generates an electrophilic reactive site on each library member providing 
them with the ability to covalently alkylate protein targets.  The alkylation potential of the electrophilic reactive site 
has been assessed employing analogs of the immunosuppressant cyclosporin and mutants of its binding protein 
cyclophilin. 
  
261. FLUOROUS PROTECTING GROUPS IN SOLUTION-PHASE SYNTHESIS.  Wei Zhang1, Christine 

Chen1;  1Fluorous Technologies, Inc., 970 William Pitt Way, Pittsburgh, PA 
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In the solution phase, the fluorous protecting groups can be used in a similar way as the polymeric linkers on solid-
phase.  This presentation introduces a series of fluorous protecting groups including Boc, Cbz, Fmoc, silanes, and 
related tags such as FluoMar and thiol in solution-phase parallel and mixture synthesis of small molecule libraries.   
References: 1) Luo, Z.Y.; Williams, J.; Read, R. W.; Curran, D.P “Fluorous Boc ((F)Boc) carbamates: New amine 
protecting groups for use in fluorous synthesis” J. Org. Chem.2001, 4261. 2) Zhang, W.; Lu, Y. “Fluorous Synthesis 
of Hydantoins and Thiohydantoins” Org. Lett. 2003, 5, 2555. 3) Zhang, W. “Fluorous synthesis of Disubstituted 
Pyrimidines” Org. Lett. 2003, 5, 1011. . 4) Chen, C. H.-T.; Zhang, W. “FluoMar, a Fluorous Version of the Marshall 
Resin for Solution-Phase Library Synthesis” Org. Lett. 2003, 5, 1015.  
  
262. FLUOROUS SEPRARTIONS FOR SOLUTION-PHASE SYNTHESIS.  Wei Zhang1, Yimin Lu1;  1Fluorous 

Technologies, Inc., 970 William Pitt Way, Pittsburgh, PA 

Fluorous technology combines the advantage of traditional solution-phase and solid-phase synthesis.  Fluorous 
synthesis has favorable reaction kinetics, capable of reaction mixture analysis, and easy product purification.  The 
success of fluorous synthesis is largely depends on the efficiency of separation.  This presentation summarized three 
major fluorous separation techniques: liquid-liquid extraction, solid-phase extraction, and HPLC. References:   1) 
Curran, D. P. “Fluorous reverse phase silica gel. A new tool for preparative separations in synthetic organic and 
organofluorine chemistry” Synlett 2001, 1488. 2) Zhang.W. “Fluorous Technologies for Solution-Phase High-
Throughput Synthesis” Tetrahedron, 2003, 59, 4475  
  
263. FLUOROUS SCAVENGING FOR SOLUTION-PHASE PARALLEL SYNTHESIS.  Wei Zhang1, Yimin 

Lu1;  1Fluorous Technologies, Inc., 970 William Pitt Way, Pittsburgh, PA 

The scavenging technique has been widely used in solution-phase parallel synthesis to improve reaction yield and 
selectively remove unwanted species from the reaction mixture. The fluorous scavenging is unique because both the 
reaction and scavenging are conducted in the homogeneous solution phase. The synthesis of fluorous electrophilic 
and nucleophilc scavengers such as thiol, isatoic anhydride, and isocyanate and their applications in parallel 
synthesis will be described.    References: 1) Zhang, W.; Chen, C. H.-T.; Nagashima, T. “Fluorous electrophilic 
scavengers for solution-phase parallel synthesis” Tetrahedron Lett. 2003, 44, 2065. 2) Zhang, W.; Curran, D. P.; 
Chen, C. H.-T. “Use of fluorous silica gel to separate fluorous thiol quenching derivatives in solution-phase parallel 
synthesis” Tetrahedron 2002, 58, 3871. 3)Lindsley, C. W.; Zhao, Z.; Leister, W. “Fluorous-tethered quenching 
reagents for solution phase parallel synthesis” Tetrahedron Lett. 2002, 43, 4225.  
  
264. FLUOROUS MIXTURE SYNTHESIS OF NATURAL PRODUCT LIBRARY.  Wei Zhang1, Christine 

Chen1;  1Fluorous Technologies, Inc., 970 William Pitt Way, Pittsburgh, PA 

A mixture of molecules with different fluorous tags can be separated from each other by fluorous HPLC.  This 
separation forms the basis of a new mixture synthesis technique it allows simple yet substantive separations of 
organic reaction mixtures.  Fluorous synthesis has been used for making diastereomers, enantiomers, and compound 
libraries.  This presentation will focus on the synthesis and isolation of 560 mappicine analogs. References: 1) 
Zhang, W.; Zhiyong Luo, Christine Chen, Dennis P. Curran “Solution-Phase Preparation of A 560-Compound 
Library of Individually Pure Mappicine Analogs by Fluorous Mixture Synthesis” J. Am. Chem. Soc. 2002, 124, 
10443. 2) Luo, Z. Y.; Zhang, Q. S.; Oderaotoshi, Y.; Curran, D. P. “Fluorous mixture synthesis: A fluorous-tagging 
strategy for the synthesis and separation of mixtures of organic compounds” Science 2001, 291, 1766. 3) Zhang, Q.; 
Rivkin, A.; Curran, D. P. “Quasiracemic synthesis: concepts and implementation with a fluorous tagging strategy to 
make both enantiomers of pyridovericin and mappicine” J. Am. Chem. Soc.2002, 124, 5774.  
  
265. COMBINATORIAL IN SITU PREPARATION OF ARYL BORONATES FOR SUZUKI CROSS-

COUPLING REACTIONS.  Erin Skoda1, Tommy Chen2, Susan Andrle2, Steven Coffey2;  1Juniata College, 
1236 Juniata College, Huntingdon, PA; 2Pfizer Global R&D, Groton, CT 
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Many drug-like compounds contain biaryl groups which can be synthesized using a Suzuki cross-coupling reaction.  
This Pd0-catalyzed reaction couples an aryl boronic acid with a haloarene in the presence of base and has been used 
extensively to prepare combinatorial libraries.  A drawback to this technique is that a limited supply of boronic acids 
are commercially available, and they are unstable so reagent quality can be a problem.  For combinatorial synthesis, 
it is inefficient to synthesize the boronic acids since they must be isolated in an additional step.  A variation of the 
classic Suzuki reaction creates a boronate complex in situ.  The boronate complex reacts in the same way as the 
boronic acid but allows for a one-pot, two-step procedure which is ideally suited for a combinatorial approach.  Due 
to the larger number of commercially available haloarenes, a greater variety of biaryls can be synthesized for 
combinatorial libraries.  A wide selection of aryl bromides was tested using the modified Suzuki procedure to 
determine the scope of the chemistry.  Approximately 88% of the chosen compounds worked with the template 
molecule.  The modified reaction had a greater flexibility than the classic reaction due to the ability to choose which 
aryl halide more efficiently forms the boronate complex. 
  
266. HIGHLY EFFICIENT AND CATALYTIC SYNTHESIS OF SUBSTITUTED ALLENES.  Phil Ho Lee1;  

1Kangwon National University, Hyoja-2-dong, 192-1, Chunchon, Kangwondo, South Korea 

Highly efficient and novel synthetic method of allene was developed using allenylindiums from the reaction of 
indium with propargyl bromides, which could be employed as effective cross-coupling partners in Pd-catalyzed 
cross-coupling reactions with a variety of electrophiles to produce allenes, polyallenes, and unsymmetrical 
bis(allenes) in excellent yields with complete regioselectivity and chemoselectivity. 

 

  
267. TANDEM MICHAEL-ALDOL REACTIONS BY ALLYL SILYL ENONES; RAPID ACCESS TO 

DENSELY FUNCTIONALIZED CYCLOHEXANONES.  Benjamin Stevens1, Scott Nelson1;  1University of 
Pittsburgh, Chevron Science Center, Pittsburgh, PA 
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Reactions that introduce multiple stereocenters in a single operation are valuable transformations for the assembly of 
complex molecules. Of these, 6-membered carbocycles are significant targets, given their prevalence in various 
natural products (e.g. terpenes). Recently developed chemistry in the Nelson group has provided access to 
functionalized aldehydes (2) in excellent diastereoselectivity from easily prepared diallyl ethers (1). These substrates 
are transformed in short order to the analogous enones (3). In the presence of titanium tetrachloride, the allyl silyl 
enones undergo intramolecular Michael addition, yielding 6-membered titanium enolates (4). The transient enolates 
can be protonated or undergo an Aldol reaction to provide cyclized products (5 and 6 respectively) in good yields 
and with high diastereoselectivity. Reaction scope and generality will be addressed.  

 

Figure 1 

  
268.  TOWARDS A  DE NOVO  TOTAL SYNTHESIS OF (-)-RHAZINILAM .  Scott Nelson1, Andrew 

Wasmuth1, G. Zipp1;  1University of Pittsburgh, Chevron Science Center, 219 Parkman Avenue, Pittsburgh, 
PA 

(-)-Rhazinilam (1), isolated from numerous plant sources including Rhazya stricta Decaisne, Melodinus australis and 
Kopsia singapurensis, is an antitubulin agent that exhibits promising microtubule assembly and disassembly activity. 
Utilizing the AAC-SN2' ring opening sequence developed in our labs, formation of the tetrahydro-indolizine 
skeleton was accomplished via Cl2Pd(MeCN)2 catalyzed cyclization of a tethered pyrrole moiety onto an optically 
active allene. The biaryl bond is formed via Suzuki coupling.  

 

  
269. STEREOSELECTIVE RADICAL CYCLIZATION OF AXIALLY CHIRAL N-ALLYLANILIDES TO 3-

SUBSTITUTED DIHYDROINDOLES WITH TRANSFER OF CHIRALITY TO NEW STEREOCENTER.  
Andre Lapierre1, Christine Chen2, Ali Ates2, Dennis Curran2;  1University of Pittsburgh, 219 Parkman Ave. 
#1110, Pittsburgh, PA; 2University of Pittsburgh 



   

 

67 
 

The rapidity of 5-exo radical cyclizations offers unique opportunities for asymmetric transformations.  Axially chiral 
anilide P-1 exhibits slow rotation about the N–aryl bond such that conformationally stable enantiomers can be 
chromatographically isolated and manipulated at room temperature.  When submitted to radical cyclization 
conditions enantioenriched dihydroindole S-2 is generated with faithful transfer of axial chirality to the newly 
formed stereocenter.  This occurs despite an intermediate 1a that would possess a low N-aryl bond rotation barrier 
and be expected to racemize at room temperature. 

 

Scheme 1 

  
270. USE OF FLOUROUS DIENOPHILES AS POWERFUL DIENE SCAVENGERS IN DIELS ALDER 

REACTIONS.  Stefan Werner1, Dennis Curran1;  1University of Pittsburgh, 219 Parkman Ave, Pittsburgh, 
PA 

Scavenging excess reagents often is used in organic synthesis but it requires an easy separation of the scavenged 
adducts from the desired product. Recently, fluorous scavengers have been introduced allowing the scavenging 
process in a homogeneous solution in contrast to the polymer-bound scavengers. At the same time solid phase 
extraction on fluorous silica gel (FSPE) was developed to separate fluorous compounds from non-fluorous organic 
compounds. The concept behind this separation technique is that fluorous compounds are retained on fluorous 
reverse phase silica gel if eluted with MeOH/H2O 8/2. A second elution with diethylether gives a fraction 
containing only the fluorous compounds. We present here the first fluorous dienophiles and validate their utility as 
diene scavengers. The resulting fluorous derivatives were separated by FSPE. The fluorous scavengers were used 
under conventional and under microwave conditions. Fluorous [1,2,4]triazoline-3,5-dione 1 reacted with most 
dienes within seconds or minutes. The scavenging reaction can be followed by color change. The retention behavior 
of fluorous dienophiles, fluorous Diels-Alder adducts and non–fluorous Diels-Alder adducts on a fluorous reverse 
phase HPLC column is discussed in detail.  

 

Scavenging Dienes with the Fluorous [1,2,4]triazoline-3,5-dione 1 

  
271. TRANSFORMATION OF α,β-ACETYLENIC ESTERS TO α,β-(E)-ALKENOIC ESTERS: TRANS-

ADDITION DIRECTED BY A HYDROXY GROUP.  Chris Meta1, Kazunori Koide1;  1University of 
Pittsburgh, 1221 Chevron Science Center, Pittsburgh, PA 



   

   

68 
 

γ-Hydroxy-α,β-(E)-enoates are versatile synthetic intermediates and part of many natural products.  Converting γ-
hydroxy ynoates into γ-hydroxy-α,β-(E)-alkenoic esters is rare presumably due to the lack of a general method to 
achieve trans-addition of two hydrogen atoms across the triple bond in a kinetically controlled manner.  We wish to 
report a mild method to prepare these compounds using readily available sodium borohydride or Red-Al at low 
temperatures. 
  
272. KARL ELBS, 1858-1933.  E. Behrman1, D. Behrman2, M Davis2;  1Ohio State University, 484 W. 12th Ave, 

Columbus, OH; 2Somerset Community College, Somerset, KY 

Elbs has two organic reactions named after him: The Elbs reaction(Org. React., 1, 129), a cyclodehydration of o-
methyl- or o-methylene-substituted diarylketones to yield anthracenes and the Elbs oxidation (Org. React., 35, 421), 
the reaction of phenol anions with peroxydisulfate to yield the phenol p-sulfate.  He was also the author of several 
books: Die Akkumulatoren (4 editions), Die Synthetischen Darstellungsmethoden der Kohlenstoff-Verbindungen (2 
volumes), Übungsbeispiele für die Elektrolytische Darstellung  Chemischer Präparate ( 2 editions and both English 
and French translations). He published about 75 papers of which 41 have been cited since 1980 (Science Citation 
Index).  He was best known during his life as an electrochemist (see his obituary, Z. Elektrochem., 39, 923 and the 
celebratory essay on his 70th birthday, ibid., 34, 420a), but today he is best remembered, as judged from the Science 
Citation Index, for his non-electrochemical work.  K. Brand, author of Elbs´ obituary and a former student, describes 
Elbs as “a splendid and uncommonly energizing teacher whose lively lectures enthralled all of his listeners.  He had 
the utterly amazing gift of describing even the most complex procedures in a simple and understandable manner.” 
  
273. PHOTONIC CRYSTAL GLUCOSE SENSOR FOR GLUCOSE RECOGNITION AND SIGNALING AT 

PHYSIOLOGICAL PH AND IONIC STRENGTH.  Vladimir Alexeev1, Sasmita Das1, David Finegold1, 
Sanford Asher1;  1University of Pittsburgh, Department of Chemistry, 219 Parkman Avenue, Pittsburgh, PA 

We demonstrate a photonic crystal glucose sensor consisting of a crystalline colloidal array (CCA) embedded within 
a polymer network of a polyacrylamide-poly(ethylene glycol) (PEG) hydrogel with pendent phenylboronic acid 
groups. We utilize a new boronic acid derivative, 4-amino-3-fluorophenylboronic acid, as the molecular recognition 
element. We have optimized our photonic glucose sensing material to sense glucose at the low glucose 
concentrations of tear fluid. The visually evident diffraction color shifts across the visible spectral region from red to 
blue over the physiologically relevant glucose concentration. The detection limit for glucose is as low as 10 
micromoles. These materials are selective for glucose over galactose, mannose and fructose. The glucose sensing in 
artificial tear fluid shows no interference with the major components of tear fluid.Thus, we demonstrate a photonic 
glucose sensing material, which has been optimized for glucose sensing and recognition in tear fluid.This sensor 
may be utilized for the fabrication of noninvasive or minimally invasive in vivo glucose sensing materials in the 
form of ocular inserts or diagnostic contact lenses for patients with diabetes mellitus. 
  
274. FLUORESCENCE-INCREASING ANOIN SEONSOR.  Guoxiang Xu1;  1UNO, Dept Chem, New Orleans, 

LA 

Most fluorescence anion sensors function through fluorescence quenching. Different species were distinguished with 
different binding constant and/or response. Here we report a synthesized fluoride seonsor with increasing 
fluorescence and decreasing signal with other halides. Study of NMR and modeling indicates a key factor, binding 
postion, contributes to this novel observation. A possible mechanism is discussed. Synthesis of similarly-functioning 
anion sensors(especially chloride) and crystallization are on the way. 
  
275. ENHANCED SELECTIVITY OF ORGANIC VAPOR DETECTION USING MOLECULARLY 

IMPRINTED POLYMERS ON QCMS.  Harry Finklea1, Yi Fu1;  1West Virginia University, Department of 
Chemistry, PO Box 6045, Morgantown, WV 
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Molecularly imprinted polymers on quartz crystal microbalances (QCM) are examined for their ability to detect 
vapors of small organic molecules with greater sensitivity and selectivity than the traditional amorphous polymer 
coatings.  Hydroquinone and phenol serve as non-covalently-bound templates which generate shape-selective 
cavities in a poly(acrylic) or poly(methacrylic) polymer matrix.  The imprinted polymers are immobilized on the 
piezoelectric crystal surface via a pre-coated poly(isobutylene) layer.  The behavior of the imprinted polymer films 
is characterized by the dynamic and steady-state response of the QCM frequency to pulses of organic vapors in dry 
air.  The apparent partition coefficients are determined for imprinted and non-imprinted polymers prepared by two 
synthetic methods and for varying mole ratios of template to monomer.  The hydroquinone-imprinted polymers, and, 
to a lesser extent, the phenol-imprinted polymers exhibit greater sensitivity and higher selectivity than the non-
imprinted polymers toward organic vapors which are structurally related to the templates.  These results indicate that 
molecularly imprinted polymers are promising for the development of selective piezoelectric sensors for organic 
vapor detection. 
  
276. ACETYLCHOLINESTERASE-BASED ORGANOPHOSPHATE NERVE AGENT SENSING PHOTONIC 

CRYSTAL.  Jeremy Walker1, Sanford Asher1;  1University of Pittsburgh, 707 Chevron Science Center, 219 
Parkman Avenue, Pittsburgh, PA 

We developed a polymerized crystalline colloidal array photonic crystal sensing material which senses 
organophosphate compounds at ultra-trace concentrations in aqueous solutions. A periodic array of colloidal 
particles is embedded in a hydrogel network, with a lattice spacing such that it Bragg diffracts visible light. The 
molecular recognition agent for the sensor is the enzyme acetylcholinesterase, which binds organophosphates 
irreversibly, creating a charged intermediate which is slow to hydrolyze. The charged intermediate creates a Donnan 
potential, which causes a volume change in the hydrogel network . The volume change increases the lattice spacing 
of the embedded CCA, causing a red-shift in the wavelength of light diffracted. These AChE-PCCAs act as 
dosimeters, as they irreversibly bind parathion. The degree of redshift in diffraction observed is proportional to the 
amount of bound organophosphate. Parathion concentrations as low as 4.26 fM are easily detected. This sensor can 
be used to determine ultra-trace concentrations of organophosphates present in groundwater sources and soils. In 
addition, it can be utilized with an air aspiration mechanism to detect air-borne chemical warfare agents. 
  
277. DEVELOPMENT OF AN INTELLIGENT POLYMERIZED CRYSTALLINE COLLOIDAL ARRAY FOR 

THE DETECTION OF CANCER SIGNATURE PROTEINS.  Michelle Ward1, Jeremy Walker1, Tushar 
Jana1, Lianjun Shi1, David Finegold1, Robert Getzenberg1, Mohamed Virji1, Sanford Asher1;  1University of 
Pittsburgh*, 219 Parkman Ave., Pittsburgh, PA 

We have developed a biomolecular sensor technology platform for detecting early markers of cancer by 
incorporating antibodies specific for cancer signature proteins into a Polymerized Crystalline Colloidal Array 
(PCCA).  PCCAs are composed of monodisperse, highly charged polystyrene colloidal particles between 100 and 
1000 nm in diameter that form an fcc or bcc crystal structure that is polymerized within a hydrogel network.  The 
lattice spacing between the particles is such that it Bragg diffracts visible light.  A molecular recognition agent is 
incorporated into the PCCA to create an intelligent PCCA (IPCCA), which can be used to sense chemical species.  
When the molecular recognition agent binds the analyte of interest, the gel responds by changing volume.  This 
volume change causes a change in the lattice spacing and thereby a change in the wavelength of the diffracted light.  
Once calibrated, the observed degree of volume change reports on the analyte concentration.  The diffracted light 
can be detected either visually or by a simple, inexpensive spectrophotometer.  We are developing an IPCCA to 
detect BLCA-4, a nuclear matrix protein (NMP) that occurs in patients with bladder cancer, and prostate specific 
antigen (PSA), the most widely utilized prostate tumor marker. 
  
278. EFFECTS OF SOLUTION COMPOSITION ON IMMOBILIZED CYTOCHROME C 

ELECTROCHEMISTRY.  Jelena Petrovic1, Hungjun Yue2, Jianjun Wei2, Rose Clark1, David Waldeck2;  
1Saint Francis University, P.O. Box 600, Loretto, PA; 2University of Pittsburgh, 234 Chevron Science Center, 
Pittsburgh, PA 
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Cytochrome c (cyt c) is a redox protein that can be found in the mitochondria of all living organisms where it plays 
an important role in the process of creating cellular energy.  Because of its biological importance, as well as its small 
size, availability, and ease of handling, cyt c has been studied extensively.  The majority of the studies, primarily in 
solution, have investigated how the protein´s redox chemistry changes with its environment.  Several research 
groups1,2 have studied cyt c adsorbed to individual and mixed self-assembled monolayers  (SAM) on gold in pH 7.0 
and 10mM phosphate buffers.  Excellent voltammetric responses are obtained for cyt c adsorbed to the SAM 
structures under these conditions.  The present research probes the redox properties of cyt c adsorbed onto gold 
electrodes that are coated with mixed self-assembled monolayers SAMs and investigates the ionic strength 
dependence of the redox potential and the electron transfer (ET) rates.  Redox properties are determined using cyclic 
voltammetry and the behavior is compared for two different cyt c immobilization strategies:  electrostatic adsorption 
that mimics biological systems and dative bonding to the heme group of cyt c.  Electrostatically adsorbed cyt c 
shows more positive formal potential shifts and lower ET rate constants with an increase of the buffer ionic strength.  
In contrast, the datively bound cyt c shows a negative potential shift and a small increase in the rate constant with 
ionic strength.  The research that will be presented will discuss and explain the major changes in the voltammetry 
for the two systems by means of the electrostatics of the system.      References: 1Clark, Rose A.; Bowden, Edmond 
F. Langmuir, 1997,13, 559-565.  2Kasmi, Asma; Wallace, Jean M.; Bowden, Edmond F.; Binet, Sophie M.; 
Linderman,    Russell J. J. Am. Chem. Soc. 1998, 120, 225-226. 
  
279. STRUCTURAL IMAGING OF POLY-3-METHYLTHIOPHENE A CONDUCTING POLYMER 

ELECTRODE.  Brian Angolia1, Isam Marawi1;  1Xavier University, Cincinnati, OH, 3800 Victory Pkwy, 
Cincinnati, OH 

Prior research has shown that poly(3-methylthiophene)-modified electrodes can improve electrochemical 
reversibility, selectivity, and sensitivity for the detection of catecholamines when compared to conventional 
electrodes.  The polymer electrode is unique due to its diffusion coefficient; calculated at 1.4658 x  10-10 mol/cm2.  
An improved catalysis for catechol was seen on various modified substrates (platinum, gold, and glossy carbon).  
This fact suggests that the electron transfer step takes place at the polymer/solution interface, and not at the substrate 
surface.  Also it was found that a small amount of an active metal, such as Mo, could poison the activity of the 
electrode.  The goal of this research project is to map out the surface structure of the polymer using the modified 
probe of an Atomic Force Microscope (AFM).  
  
280. RETENTION AND SELECTIVITY OF BIOGENIC AMINES ON A PERFLUORINATED STATIONARY 

PHASE.  Shawn Wyatt1, David Bell1;  1Supelco, 595 North Harrison Road, Bellefonte, PA 

Small, polar molecules are particularly troublesome in HPLC and LC/MS analyses due to the difficulty in 
adequately retaining them. Methods such as derivatization and ion-pairing are often time consuming, inhibit LC/MS 
analyses and impart a certain level of irreproducibility into the methods. In this study we investigated the retention 
of a set of biogenic amines on a polar pentafluropropyl bonded phase. Employing 100% aqueous conditions we were 
able to achieve superior retention and selectivity of norepinephrine, levodopa, epinephrine, tyrosine and dopamine in 
a relativity short period of time. A comparison to traditional C18 system was also performed. 
  
281. CLASSIFICATION STUDIES OF ZIRCONIA-BASED STATIONARY PHASES.  Shawn Wyatt1, David 

Bell1;  1Supelco, 595 North Harrison Road, Bellefonte, PA 

Silica-based stationary phases remain the workhorse for high-performance liquid chromatography (HPLC) analyses; 
however, systems based on modified zirconia phases are fast becoming a popular alternative. The interest in zirconia 
columns stems from their ability to withstand extreme pH and temperature conditions as well as for their offering of 
unique selectivity and retention for various classes of compounds. Several modified zirconia phases are 
commercially available including polybutadiene (PBD), polystyrene (PS), carbon and C18-modified carbon 
(carbonC18). This study aims to assess the growing array of zirconia-based HPLC columns through comparative 
analysis with traditional silica-based stationary phases. Comparisons using general acidic, basic and neutral analytes 
were utilized for investigating hydrophobic and shape selectivity, hydrogen bonding capacity and ion-exchange 
capacity. The advantages and disadvantages of employing zirconia-based phases will be discussed in terms of 
retention and selectivity. In addition, recommendations for method development strategies for various classes of 
analytes will be introduced. 
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282. SCREENING FOR NATIVE PHYTOREMEDIATORS IN THE PITTSBURGH ENVIRONMENT.  Lisa 
Brown1, Joseph MacNeil1;  1Chatham  College, Woodland Road, Pittsburgh, PA 

Phytoremediation, the use of green plants to remove, contain or render harmless environmental hazards, is based on 
the ability of plants to uptake, sequester or degrade specific contaminants. An investigation to identify the possible 
phytoremediation and hyperaccumulation properties of native plant species has been conducted. Native plants may 
prove desirable as phytoremediators because they establish a self-sustaining ecosystem. Site selection was 
established using two opposing environments; steel mill slag and acid mine drainage. Slag is highly alkaline and 
porous. In addition, it often contains high levels of heavy metal contaminants. However, heavy metals tend to 
remain bound in alkaline soils. Areas affected by acid mine drainage are characterized by low pH and high 
concentrations of dissolved metals. Two sites for each environment were studied, recently remediated areas as well 
as areas left undisturbed, allowing for natural succession. An initial survey of each location was conducted to 
identify the native species present and establish any trends. Plants with the largest biomass were of particular 
interest as they may have greater value as phytoremediators. Soil samples taken from the locations were analyzed 
for heavy metal contamination and pH. Plant material (roots and leaves) was gathered during the growing season 
and dried. The dried material was weighed and dissolved in 30mL of nitric acid. Atomic absorption 
spectrophotometry was used to analyze the solutions for accumulation of the following metals: Fe, Cu, Cr Pb, Mn, 
Cd, Ni, Co, Mg and Sb. 
  
283. THE IMPACT OF CHELATING AGENTS ON THE ACCUMULATION OF CADMIUM BY FOUR 

VARIETIES OF HYDROPONICALLY-GROWN DWARF SUNFLOWERS.  Michelle Meighan1, Joseph 
MacNeil1;  1Chatham College, Dept of Chemistry, Pittsburgh, PA 

Phytoremediation has been proposed as an effective, cost-efficient tool for restoring metal-contaminated soils. Past 
studies have shown that the application of chelating agents can improve metal uptake in plants, although the relative 
effectiveness of such application varies as a function of the chelator, the characteristics of the soil, the metal ion and 
the plant species under study. In the present work, four varieties of hydroponically-grown dwarf sunflowers 
(Helianthus annuus) were immersed in Cd2+ solutions with concentrations between 3ppm and 40 ppm. The 
presence of EDTA in 3x molar excess inhibited cadmium from accumulating on the root structures of the plant yet 
facilitated uptake into the leaves. Anions such as chloride, nitrate and phosphate did not exhibit similar uptake. 
Preliminary experiments with the chelators HEDA, DHTA, and citric acid are also being initiated. Under the current 
experimental conditions, cadmium binding on the exterior root surface is more detrimental to plant viability than 
cadmium accumulation in the leaves. 
  
284. SEPARATION AND IDENTIFICATION OF STEROL ESTERS BY GRADIENT ELUTION HPLC 

COUPLED WITH MULTIPLE WAVELENGTH UV/VIS DETECTION.  David Snyder1, Prabhakara 
Shetty1;  1Ferris State University, Department of Physical Sciences, Big Rapids, MI 

Structurally related sterol esters do not separate very well under isocratic elution conditions, and some of the sterol 
esters exhibit poor sensitivity under monochromatic UV/VIS detection conditions. In this work a gradient elution 
program coupled with multiple wavelength detection technique is developed to reduce the retention time, improve 
the separation, and to enhance the sensitivity. The sensitivity values for all the sterol esters tried were found to 
increase with the decrease in the detection wavelength. 
  
285. CHEMICAL DETERMINATION OF THE POSTMORTEM INTERVAL IN FEEDER MICE BY ATOMIC 

ABSORPTION.  Samantha Mader1, Corey Stilts2;  1Chatham College, 1626 Rose Road, Saltsburg, PA; 
2Chatham College, Woodland Road, Pittsburgh, PA 
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Estimating the time of death in forensic sciences is very important but difficult to determine.  Despite thorough 
investigation of postmortem findings, results have been meager.  Knowing that cells release electrolytes into the 
extracellular fluid postmortem, determining the rate of change of various electrolytes in mouse tissue may provide a 
more reliable method for determining time of death.   White feeder mice were sacrificed via carbon dioxide fixation.  
For a period of six days, extractions of the heart, cerebrum, quad muscle, and hamstring muscle were taken daily for 
various postmortem intervals.  Samples were homogenized and diluted, then aspirated through an atomic absorption 
spectrophotometer.  The levels of potassium, sodium, and calcium were measured for each of the samples.  The 
concentration of each electrolyte was plotted against the postmortem interval to establish a correlation between time 
of death and various electrolyte concentrations throughout the body of the mice.  
  
286. FLUORESCENT CHEMOSENSOR FOR LEAD IONS BASED ON A DANSYL-MODIFIED 

CYCLODEXTRIN.  Yousuf Ali1, Heather Grunkemeyer1;  1Ohio Wesleyan University, HWCC 538, 
Delaware, OH 

Designing optical sensors for the detection of metals and organic analytes has become increasingly important. The 
basis of our optical sensor design is to develop a supramolecule that acts as a fluorescent receptor for the analyte of 
interest. We have investigated the synthesis of a supramolecule designed such that the fluorescent properties of the 
system change upon the inclusion of lead. We studied 1,5,9,13 - Tetrathiacyclohexane - 3,11 - diol, a sulfur crown 
ether analog, for its potential to bind lead using NMR spectroscopy. Shifts in the NMR spectra indicate the 
formation of a lead-sulfur-diol complex. Since the sulfur analog is spectroscopically inert, we have attached a 
fluorophore, a dansyl group, whose fluorescent properties are extremely sensitive to environment. We studied the 
effects of solvent polarity on the fluorescence emission and fluorescence quantum yield of dansyl chloride. Our 
work showed that even small changes in the environment have significant effects on dansyl chloride´s fluorescent 
properties. We have also studied the effects of solvent polarity on the fluorescence emission and fluorescence 
quantum yield of the dansyl modified sulfur crown ether analog. We have found that even small environmental 
changes also alter the fluorescence properties of our dansyl modified 1,5,9,13 - Tetrathiacyclohexane - 3,11 - diol. 
  
287. SEPARATION OF FATTY ACIDS AND AMIDES USING ARGENTATION THIN-LAYER 

CHROMATOGRAPHY.  Leigh DiCicco1, Tamanna Sultana1, Mitchell Johnson1;  1Duquesne University, 
SMC #5757, 1345 Vickroy Street, Pittsburgh, PA 

Simple and inexpensive, thin-layer chromatography (TLC) is a process by which organic molecules, such as fatty 
acids and amides, can be separated based upon polarity.  The technique is widely used to visualize cellular 
components, and provides a suitable foundation for more precise methods of quantification. Argentation TLC (Ag-
TLC) uses the pi-bond binding properties of the silver ion to separate fatty compounds according to the number of 
unsaturated sites they contain. Given its success in separating fatty acid methyl esters, argentation TLC was used in 
this study was to separate a given saturated free fatty acid and its mono-, di-, and tri-unsaturated forms from one 
another.  A mixture of C18 saturated and unsaturated fatty acids separated on a high-performance plate using a 
solvent mixture of hexane:ether:acetone 40:35:15 (v/v/v). Amides, though slight more problematic than acids, have 
separated somewhat under similar conditions, however both the argentation process itself and the amide 
visualizations are currently being improved at this time. 
  
288. USE OF GELS AS SOLID MATRICES FOR THE ANALYSIS OF AQUEOUS SOLUTIONS BY LASER-

INDUCED BREAKDOWN SPECTROSCOPY.  Christopher Spiese1, Tom Fisher1, Richard Hark1;  1Juniata 
College, 1243 Juniata College, Huntingdon, PA 

Laser-induced breakdown spectroscopy (LIBS) is shows promise as a technique for elemental analysis.  It is 
instantaneous and minimally destructive.  However, due to the shockwave produced by the plasma and the 
subsequent splatter, its use with aqueous solutions has been limited.  The use of gels allows the sample to retain 
homogeneity while having sufficient rigidity to withstand the force of the plasma shockwave.  In this work, two 
matrices were tested – silica sol-gel and gelatin.  Both the laser light transmittance and the mass loss were measured.  
The plasma emission spectrum was also examined to determine the presence or absence of a heavy metal in the gel. 
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289. DEACTIVATION OF BACTERIAL SPORES AS SURROGATE FOR BIOLOGICAL WARFARE AGENT 
WITH TAML® ACTIVATORS OF PEROXIDE.  Deboshri Banerjee1, Toshihiro Yano2, Sushil Khetan3, 
Terrence Collins1;  1Carnegie Mellon University, Department of Chemistry, Pittsburgh, PA; 2Osaka City 
University, Osaka, Japan; 3Carnegie Mellon University, PA 

A new approach promising superior technology for destroying all chemical-biological warfare agents has been 
developed using TAML&reg activators of peroxide.  The spore-forming bacteria Bacillus anthracis (causative agent 
for Anthrax) pose a major biological warfare and terrorism threat.  Here we report a rapid acting and 
environmentally friendly oxidation process with Fe-TAML&reg activators of peroxide, for deactivation studies 
employing Bacillus atrophaeus (ATCC 9372) spores as a surrogate for Bacillus anthracis.  A linear log dose 
response for inactivation of bacterial spores with TAML&reg activated peroxide showing 5-log kill of the spores of 
Bacillus atrophaeus has been obtained by a systematic study.  We will present our results and possible strategies for 
achieving further improvement in spore deactivation. 
  
290. TOTAL DEGRADATION OF ORGANOPHOSPHORUS PESTICIDES UNDER AMBIENT CONDITIONS 

USING IRON-TAML&REG ACTIVATED PEROXIDE.  Arani Chanda1, Sushil Khetan2, Deboshri 
Banerjee1, Terrence Collins1;  1Carnegie Mellon University, 4400 Fifth Avenue, Mellon Institute, Pittsburgh, 
PA; 2Carnegie Mellon University, PA 

Organophosphorus triesters are the single largest class of insecticides produced and used all over the world. Their 
extensive uses in agriculture for a long time have raised severe concern of ground water and surface water 
contamination. Other than their inherent toxicity, on detoxification their hydrolysates also often show moderate to 
high aquatic/ eco-toxicity. Various approaches reported in the literature often lead to incomplete degradation 
resulting in residual toxicity from hydrolysates. Here we report a rapid, economic, and environmentally friendly 
catalytic oxidative process, based on Fe-TAML&reg activated hydrogen peroxide for the total degradation of OP 
compounds. A deailed study using Fenitrothion, as a model compound achieving complete degradation under 
ambient conditions has been done. The hydrolysed product, p-nitrocresol was also completely degraded under the 
applied reaction conditions. Total organic carbon analysis and toxicity tests validated our results. A detailed product 
analysis was also performed. 
  
291. NEPA COMPLIANCE UNDER THE DOE CLEAN COAL DEMONSTRATION PROGRAM.  Adrian 

Radziwon1;  1United States Department of Energy, 626 Cochrans Mill Rd, Pittsburgh, PA 

The DOE Clean Coal Demonstration Program is a government and industry co-funded effort to demonstrate a new 
generation of innovative coal utilization processes that meet all applicable environmental standards.  The goal of this 
program is to furnish the marketplace with technologies that minimize the economic and environmental barriers to 
full utilization of our vast national coal resources.  The National Environmental Policy Act (NEPA) requires that a 
rigorous environmental assessment be conducted on any proposed construction project to address all associated 
potential environmental, health, safety, and socioeconomic impacts.  Therefore, each project in this program is 
subjected to strict NEPA review prior to project approval.  These reviews can result in a formal environmental 
impact statement (EIS).  Alternatively, the findings remain as an environmental assessment (EA) along with a 
finding of no significant impact (FONSI).  This presentation will describe the application of the principles of NEPA 
to projects in the Clean Coal Demonstration Program, incorporating preparation of EIS and EA documents as 
applicable.  Also discussed will be the overall environmental benefits of the Clean Coal Demonstration Program.  
  
292. GASIFICATION FUNDAMENTALS.  David Archer1;  1Carnegie Mellon University, 114 Kentzel Road, 

Pittsburgh, PA 



   

   

74 
 

Gasification can be used to convert coal or other carbon-containing resources into a clean gas with high value as a 
fuel for combined cycle power generation or as a feedstock for the production of liquid fuels and chemicals.  This 
paper will present a detailed review of gasification fundamentals, including chemistry/reactions, reaction 
equilibrium (temperature, pressure), factors affecting gasification (particle size, porosity, surface area, coal rank, 
coal reactivity, feedstocks, steam addition), and syngas composition (state of trace elements, formation of H2S, etc).   
In addition, this paper will provide perspectives on design of gasifier and gasifier types (moving bed, fluidized bed, 
and entrained flow).  Technical issues with designing gasification systems will be discussed. 
  
293. BENEFITS OF GASIFICATION-BASED ENERGY SYSTEMS.  Massood Ramezan1, Gary Stiegel2;  

1Science Applications International Corporation, P.O. Box 10940, Pittsburgh, PA; 2US DOE/NETL, P.O. Box 
10940, Pittsburgh, PA 

Coal gasification is a well-proven technology that started with the production of coal gas for urban areas, progressed 
to the production of fuels, chemicals, and most recently to large-scale power generation.  More than 160 commercial 
gasification plants (equivalent to nearly 61,000 MWth syngas capacity) are currently in operation, under 
construction, or in planning and design stages in 28 countries worldwide.   Gasification-based technologies can be 
used to convert coal or other carbon-containing resources into a clean gas with high value as a fuel for combined 
cycle power generation or as a feedstock for the production of liquid fuels and chemicals.  Moreover, these systems 
have the advantage of being capable of co-generating electricity and fuel/chemical efficiently, economically, and in 
an environmentally acceptable manner.  Environmental performance of these systems can be tailored to any specific 
requirements. In addition, due to the high efficiency nature of these plants, the emissions of CO2 are inherently low.   
This paper will present a detailed review of gasification-based technology energy systems and its potential 
application/market worldwide.  A comprehensive evaluation and comparison of the environmental performance of 
gasification-based power generation technology with other competing coal-fired technologies will be provided.  
Furthermore, a portfolio of current R&D projects that will enable deployment of the clean and affordable energy 
systems required for growing energy markets will be presented.    
  
294. VISION 21 R&D PROGRAMS.  Soung Kim1;  1United States Department of Energy, National Energy 

Technology Laboratory, P.O. Box 10940, Pittsburgh, PA 

Vision 21 is a long-term R&D program to develop the technology basis for future energy plants that produce 
electricity and hydrogen along with transportation fuels, high-value chemicals and steam. Vision 21 plants are 
designed for high plant efficiency and near zero emissions of smog- and acid rain-forming species and greenhouse 
gas coupled with sequestration technologies.   Vision 21 technologies encompass a variety of enabling technology 
R&D activities ranging from laboratory-scale to demonstration-ready technology. In this paper, larger scale R&D 
programs ready for demonstration of advanced combustion and gasification are covered.   Advanced combustion 
technology covers the improvement of existing coal-fired plants and development of a new concept of nitrogen-free 
combustion.  The development of Low Emission Boiler System (LEBS) belongs to the first category and the Clean 
Energy Systems (CES) concept of zero emission power generation goes to the second. LEBS is a conventional PC-
fired system, developed for a high efficiency, low NOx system, employing a supercritical steam cycle.  To 
accommodate 1200oF or 1400oF supercritical steam cycles, advanced boiler tube and steam turbine materials will 
be needed. The CES system integrates gas generator technology, burning a combination of oxygen and a 
hydrocarbon fuel to produce a mixed gas of steam and carbon dioxide at high temperature and pressure, which can 
power advanced steam turbines. The turbine exhaust gas is separated into water and carbon dioxide, which can be 
sequestrated.   Advanced gasification systems cover the development of more efficient and lower cost gasifier 
designs and particulate control devices.  A 4-MWe size Power Systems Development Facility (PSDF) located at 
Wilsonville, AL is designed to gain operating experience with new process configurations and critical components 
for gasification systems. The PSDF has been tested for a transport reactor for gasification and combustion, a high 
temperature particulate control device, a low-NOx topping combustor for a gas turbine, and a fuel cell for power 
generation. This Facility will continue to test the technologies for Vision 21 process modules.  This paper presents 
LEBS technology status, CES combustion test results, and  PSDF test results for gasification and combustion 
systems.   
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295. FUELS AND POWER PRODUCTION FROM COAL.  Diane Madden1;  1U.S. Department of Energy/ 
National Energy Technology Laboratory, 626 Cochrans Mill Road, Pittsburgh, PA 

The nation´s energy mix is dependent primarily on fossil energy.  Gasification technologies represent the next 
generation of solid-feedstock-based energy production systems.  Gasification breaks down virtually any carbon-
based feedstock into its basic constituents.  This enables the separation of pollutants and greenhouse gases to 
produce clean gas for efficient electricity generation and production of chemicals and clean liquid fuels.  Today, the 
majority of existing applications have been geared toward the production of a single product or a constant ratio of 
two or more products per facility.  Tomorrow, the potential of gasification in expanding markets is in its use of low-
cost and blended feedstocks and its multiproduct flexibility.  The Commercial-Scale Demonstration of the Liquid 
Phase Methanol (LPMEOH™) Process was sponsored by the U.S. Department of Energy (DOE) under the Clean 
Coal Technology Program to demonstrate the production of methanol from coal-derived synthesis gas.  The 
technology provides several improvements essential for the economic co-production of methanol and electricity 
directly from gasified coal.  This liquid phase process suspends fine catalyst particles in an inert liquid forming a 
slurry.  The slurry dissipates the heat of the chemical reaction away from the catalyst surface, protecting the catalyst, 
and allowing the methanol synthesis reaction to proceed at higher rates.  The Gilberton Coal-to-Clean Fuels and 
Power Project was selected under the DOE Clean Coal Power Initiative (Round 1).  The Gilberton plant will gasify 
coal wastes to produce a synthesis gas consisting of hydrogen and carbon monoxide.  Electric power and steam will 
be produced, and a portion of the synthesis gas will be converted into synthetic hydrocarbon liquids via a catalytic 
process known as FT synthesis.  
  
296. FLUIDIZED BED COMBUSTION TECHNOLOGIES.  John Rockey1, Mark Freier1;  1National Energy 

Technology Laboratory, 3610 Collins Ferry Road, Morgantown, WV 

Fluidized bed combustion (FBC) reduces emissions of SO2 and NOx by controlling combustion parameters and by 
injecting a sorbent (such as crushed limestone) into the combustion chamber along with coal. Sulfur released from 
the coal as SO2 is captured by the sorbent in the fluidized bed to form a solid calcium compound that is removed 
with ash. The resultant by-product is a dry, benign solid that can be disposed of easily or used in agriculture or 
construction applications. More than 90 percent of the SO2 can be captured in this manner. At combustion 
temperatures of 1,400 – 1,600oF, the fluidized mixing of the fuel and sorbent enhances both combustion and sulfur 
capture. The operating temperature range is about half that of a conventional pulverized-coal boiler and below the 
temperature that thermal NOx is formed. Fluidized-bed combustors substantially reduce both SO2 and NOx 
emissions as compared to other conventional coal fired boilers. Also FBC has the capability of using high-ash coal, 
whereas conventional pulverized-coal units must limit ash content in the coal to relatively low levels. Two parallel 
paths were pursued in FBC development – bubbling and circulating beds. Bubbling fluidized-beds use a dense fluid 
bed and low fluidization velocity to effect good heat transfer and mitigate erosion of an in-bed heat exchanger. 
Circulating fluidized-beds use relatively high fluidization velocity that entrains the bed material, in conjunction with 
hot cyclones, to separate and re-circulate the bed material from the flue gas before it passes to a heat exchanger. An 
update on developments of FBC technology and in particular with the DOE sponsored demonstration projects 
completed and ongoing will be presented. 
  
297. COAL POWERED FUEL CELLS.  James Longanbach1;  1U. S. Department Of Energy, 3610 Collins Ferry 

Road, P.O. Box 880, Morgantown, WV 
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The addition of a fuel cell in a typical Integrated Gasification Combined Cycle (IGCC) system has the potential to 
significantly increase the overall efficiency.  However, there are several potential problems.  Typically, coal-derived 
synthesis gas contains a variety of trace contaminants in addition to the four main components, CO, CO2, H2 and 
H2O.   The various types of fuel cells are very sensitive to certain pollutants.  Therefore, extensive gas cleanup is 
required to operate a fuel cell with coal-derived synthesis gas. In addition, IGCC systems are typically large, greater 
than 100 MW, and fuel cells are small, producing as little as 30 Watts/cell.  This requires a large number of fuel cell 
modules containing many individual cells to match the power output typically produced by a single gas turbine in 
the system.  A typical IGCC system incorporating a fuel cell and three coal gasifier-fuel cell test programs in the 
U.S. will be described.  One was completed in the early 1990´s using a molten carbonate fuel cell module on the 160 
MWe Dow Gasifier with cold gas cleanup, located at Plaquemine, LA.  The second is currently continuing using a 1 
kW planar solid oxide fuel cell module supplied by Delphi Corporation on a 12 MWt Kellogg Brown and Root 
Transport Gasifier with cold and warm gas cleanup systems at the Power Systems Development Facility operated by 
Southern Company Services in Wilsonville, AL.  The third is a planned test at the 262 MWe Global Energy Wabash 
River Energy Ltd gasifier with cold gas cleanup, in West Terre Haute, IN using a 2 MW carbonate-based fuel cell 
module supplied by Fuel Cell Energy  in 2004. 
  
298. ANION ENCAPSULATION BY NEUTRAL SUPRAMOLECULAR ASSEMBLIES OF CYCLIC CU(II) 

COMPLEXES: [CIS-CUII(µ-OH)(µ-PZ)]N, N = 6, 8, 9, 12 AND 14.  Gellert Mezei1, Peter Baran1, Raphael 
Raptis1;  1University of Puerto Rico, P.O.Box 23346, San Juan, PR 

Anion recognition and encapsulation is an active research area of biomimetic chemistry that relates to the 
mechanism of hydrophilic anion transport across hydrophobic cell membranes. We have discovered a novel class of 
supramolecular anion-encapsulating assemblies, where neutral host units bind the anionic guests by multiple H-
bonding. The organization of their architecture mimics the strategy of Nature in the construction of ion carriers and 
channels.      The interplay of metal coordination algorithms, dipolar interactions and hydrogen-bonding orchestrate 
the complex supramolecular assembly of [cis-Cu(µ-OH)(µ-pz)]n metallacycles (pz = pyrazole; n = 6, 8, 9, 12,14) 
that bind a chloride, a sulfate, or a carbonate anion. The three assemblies Cl–{[Cu(µ-OH)(µ-pz)]6+12}2, SO42–
[Cu(µ-OH)(µ-pz)]8+14+9 and CO32–[Cu(µ-OH)(µ-pz)]6+12+9 have been characterized by single crystal X-ray 
diffraction.  

 

      The [cis-CuII(µ-OH)(µ-pz)]n-rings all consist of distorted square-planar CuII-centers connected by µ-pz ligands 
at the outer- and µ-OH ligands at the inner-surface of a toroid. In all three aggregates, the larger rings bind one or 
two smaller ones by multiple, weak Cu-O interactions.  In this arrangement, the OH-groups of both rings are 
directed to the center of the assembly and the pyrazoles to the periphery, defining hydrophilic and hydrophobic 
domains. 
  
299. MODELING THE ORIGINS AND EFFECTS OF SYMMETRY BREAKING IN THE PHOTOPHYSICS OF 

DENDRITIC STRUCTURES.  L. Liu1, David Yaron1;  1Carnegie Mellon University, 4400 Fifth Ave, 
Pittsburgh, PA 
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Electroabsorption studies on a three-branched dendrimer demonstrated that the changes in the dipole moment (Δμ) 
and the polarizability (Δα) upon excitation of the dendrimer and its constituent branch are similar, implying 
localized excitations and significant symmetry-breaking in the dendrimer.   

 

 In this work, an ensemble of the dendrimer was studied by the INDO/SCI method, as well as a simple four-state 
model, which was constructed from the excitation on the branches with an inter-branch coupling energy parameter 
(J) that was fitted to the INDO/SCI energy results.  Excellent agreement between INDO/SCI method and the model 
was achieved on various excited state properties.    From these studies, it was found that, for  C3 symmetric 
dendrimers, Δμ is only half that of the branch, and Δα is about 60% greater than that of the branch.  As the 
symmetry of the dendrimer is increasingly broken by introducing geometrical/energetic disorder among the 
branches, both Δμ and Δα converge towards those of the branches, thus confirming the experimental observation of 
symmetry-breaking.  INDO/SCI calculations showed that the geometrical disorder needed to break the C3 
symmetry, in terms of the total difference in distortional angles of the branches, is around 50°, corresponding to an 
energy disorder of 4J (J was found to be 0.05 eV, or 400 cm-1).  The excitation energy and dipole moment results 
also suggest that the experimental sample of the branch structure is more disordered than that of the dendrimer. 
  
300. A STRUCTURAL MODEL FOR CYANINE DYES TEMPLATED INTO THE MINOR GROOVE OF DNA.  

Aimee Tomlinson1, David Yaron1;  1Carnegie Mellon University, Department of Chemistry, Pittsburgh, PA 
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3,3´-Diethylthiadicarbocyanine (DiSC2(5)) is a monocationic dye which has been shown to form cofacial dimers 
that insert into the minor groove of DNA (Seifert, J.L.; et al. J. Am. Chem. Soc. 1999, 121, 2987-2995). 
Furthermore, within the groove, these dyes form extended aggregates in which the dimers are aligned in an end-to-
end fashion. A model for these helical cyanine dye aggregates is presented. The structural parameters of this model 
(interplanar separation between the monomers, the offset from one to the other, and the distance between the dimer 
centers) were manipulated in an effort to reproduce the experimental primary and secondary coupling between the 
dyes. Geometries generated for both H- and J-type aggregates produced spectra that are consistent with those from 
the experiment. Studies involving H-aggregates (when the offset parameter is small) are in agreement with the 
experimental results. 

 

hexamer.jpg 

  
301. A LOW COST APPROACH OF PREDICTING VIBRONIC STRUCTURE IN UV-VIS SPECTRA.  Lu Liu1, 

David Yaron1;  1Carnegie Mellon University, 4400 Fifth Ave., Box 87, Pittsburgh, PA 
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A rigorous prediction of the vibronic structure of an electronic transition requires knowing both the geometry and 
normal modes of the ground and excited electronic states. The geometry and normal modes can be obtained easily 
for the ground electronic state, for instance from density functional theory (DFT). However, it is often difficult to 
obtain such information for the excited electronic state. The method presented here uses DFT to calculate the 
geometry and normal modes of the ground state. The INDO semi-empirical quantum chemistry technique is then 
used to calculate the electronic wavefunctions of both the ground and excited state, assuming the geometry does not 
change on excitation. An estimate of the change is then obtained from the INDO wavefunctions, by examining the 
difference in bond orders between the ground and excited state. Using bond-order/bond-length relationships, these 
changes in bond orders can be translated into a change in geometry. This predicted geometry change is then 
projected onto the normal modes to obtain Huang-Rhys factors and therefore the vibronic structure of the electronic 
spectrum. Predictions from this low-cost means of predicting electronic structure will be compared to experiment for 
medium size organic molecules. 
  
302. SYNTHESIS AND CHARACTERIZATION OF 6,9-BIS-O-METHYL-ACETIMIDATE DECABORANE.  

Kelly Challis1, Thomas Getman1;  1Northern Michigan University, 1401 Presque Isle Avenue, Department of 
Chemistry, Marquette, MI 

In the original report on the synthesis of 6,9-bis-acetonitrile decaborane it was stated that prolonged refluxing in 
methanol did not completely degrade the decaborane cage and the resulting material had a strong C=N absorption1. 
Subsequently, when ethanol was used the formation of a B9 species (yield 19%) was observed2. Syntheses of o-
carboranes from 6,9-bis-acetonitrile decaborane use methanol to eliminate the unreacted 6,9-bis-acetonitrile 
decaborane from reaction mixtures3,4. This presentation will show methanol can add to 6,9-bis-acetonitrile 
decaborane by formation of an imidate linkage while retaining the decaborane cage and will include the synthetic 
procedure and characterization of 6,9-bis-O-methyl-acetimidate decaborane. (1) Schaeffer, R. J. Am. Chem. Soc. 
1957, 79, 1006-7., (2) Graybill, B. M., Pitochelli, A. R., and Hawthorne, M. F. Inorg. Chem. 1962, 1, 626-31., (3) 
Heying, T. L., Ager, J. W., Clark, S. L., Mangold, D. J., Goldstein, H. L., Hillman, M., Polack, R. J., and 
Szymanski, J. W. Inorg.Chem. 1963, 2, 1089-92., (4) Fein, M. M., Grafstein, D., Paustian, J. E., Bobinski, J., 
Lichstein, B. M., Mayes, N., Schwartz, N. N., and Cohen, M. S. Inorg.Chem. 1963, 1, 1115-1119. 
  
303. THE FTIR AND COMPUTATIONAL ANALYSIS OF GAS PHASE OZONOLYSIS OF ALKEENS, IN THE 

PRESENCE OF HEXAFLUOROACETONE..  Jeff Gensamer1, Jesse Kroll2, Neil Donahue1;  1Carnegie 
Mellon University, Chemical Engineering, Doherty Hall B201, Pittsburgh, PA; 2Harvard, 12 Oxford St, 
Cambridge, MA 

Gas phase ozonolysis is a major oxidation pathway for unsaturated  hydrocarbons in the atmosphere and in well-
ventilated buildings. It is  an important source of hydroxyl radicals (OH). Additionally many oxidation products -- 
especially multifunctional oxygenated products formed from the oxidation of biogenic hydrocarbons such as 
monoterpenes -- have sufficiently low vapor pressures that they can condense, either forming new ultrafine aerosols 
or depositing on existing aerosols to increase the ultrafine aerosol mass. These aerosols are known to cause serious 
health effects. The ozonolysis mechanism remains elusive. Since the work of Criegee it has been understood that the 
reaction proceeds via a carbonyl oxide intermediate known as the Cregiee Intermediate (CI), but this intermediate 
has never been directly observed. Additionally, in gas-phase ozonlysis, the large (~250 kJ/mole) exothermicity 
results in highly vibrationally excited products, which may decompose before being collisionally stabilized. 
Consequently, the yield of stabilized CI (SCI) in gas-phase ozonlysis is uncertain and controversial. We have 
studied the ozonolysis of tetramethylethylene (TME), using hexafluoroacetone (HFA) as a scavenging agent for any 
SCI. A secondary ozonide (SOA) product is used to determine the pressure dependence of SCI formation using 
FTIR absorption spectroscopy in a flow reactor. The SOA IR spectrum is compared with computed frequencies and 
transition dipole moments. 
  
304. AEROBIC ETHER OXIDATION ASSISTED BY AN IRON (III) SILSESQUIOXANE COMPLEX.  Michael 

Hay1, Steven Geib2, Lewis Hopkins1;  1Penn State Beaver, 100 University Drive, Monaca, PA; 2University of 
Pittsburgh, 309 Chevron Science Center, 219 Parkman Ave., Pittsburgh, PA 
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We have previously reported the synthesis and characterization of an iron (III) containing silsesquioxane compound, 
[Bu4N][((CH3)2CHCH2)7Si7O12FeCl]1. During the synthesis of this complex, however, the solvent, 
tetrhydrofuran (THF), was oxidized to γ-butyrolactone. We will present a new THF free synthesis of this iron (III) 
silsesquioxane compound, as well as results from experiments that test the ability of this unique complex to assist in 
the aerobic oxidation of both THF and diethyl ether.  1 Hay, M. T., et al. Inorganic Chemistry Communications 
2003, 6, 431- 434.  
  
305. FACTORS  AFFECTING  THE  REACTION  OF  IRON  METAL.  John Thayer1;  1University of 

Cincinnati, Department of Chemistry, P.O. Box 210172, Cincinnati, OH 

Iron metal(“zerovalent iron”)  has been utilized to remove various contaminants(e.g. arsenate &  chromate salts, 
chlorocarbons) from natural waters and might also be used for the removal of highly toxic methylmercurial 
compounds(“methylmercury”) and other organomercurials. Aqueous solutions of these compounds reacted with iron 
metal  with a loss of dissolved mercury.  The rate of Hg removal depended on several factors, including Hg 
concentration, form and surface area of iron, presence of halide ions, and presence or absence of dioxygen.  We 
propose a reaction mechanism involving attachment of the mercurial to the Fe surface, followed by electron transfer, 
reduction of dissolved Hg to the metal and dissolution of iron, which subsequently precipitates as hydrated Fe(III) 
oxide.  These results suggest that iron could be used to remove organomercurials from polluted waters. 
  
306. REACTION  OF  AQUEOUS  ORGANOMERCURIALS  WITH COPPER  AND  COPPER  ALLOYS.  

John Thayer1;  1University of Cincinnati, Department of Chemistry, P.O. Box 210172, Cincinnati, OH 

Copper metal(“zerovalent copper”) reacted readily with aqueous solutions of  organomercury compounds, giving 
extensive dissolution of copper. The rates of dissolution depended on Hg concentration, the organic group attached 
to Hg, the nature and surface area of the Cu substrate, the presence/absence of halide ions, and the presence/absence 
of dioxygen. Copper alloys, especially brass, reacted similarly, giving preferential dissolution of copper relative to 
the more active metal.  These observations will be discussed in terms of a mechanism involving attachment of the 
mercurial to the copper surface, followed by electron transfer and Cu dissolution. This reaction may have potential 
applications for investigating copper corrosion. 
  
307. TRANSPORT PROPERTIES OF RB+, CS+, AND FR+ IN RARE GASES.  Larry Viehland1, Timothy 

Wright, Ed Lee, Dessa Shepherd1, Holly Hickling1, Claudia Viehland2;  1Chatham College, Woodland Rd., 
Pittsburgh, PA; 2Pittsburgh, PA 

The Schrödinger equation has been used to calculate the interaction potential energy curves for 18 alkali ion-rare gas 
systems as a function of ion-atom separation. The calculations were of high quality [at the CCSD(T) level of theory, 
using a large basis set] and were performed using MOLPRO, a standard computer program. They covered an 
extensive range of separations, the exact range for each system being selected on the basis of the position of the 
minimum and the requirements of the computer programs in which they were used subsequently. In each case, the 
range probed from high up on the repulsive barrier to far out on the long-range, attractive tail of the potential. Basis 
set superposition error (BSSE) was accounted for by utilizing a counterpoise adjustment for each point. The 
potentials obtained were used as input to a previously written computer program (QVALUES) in order to calculate 
the transport cross sections as a function of collision energy. The cross sections were calculated to a predetermined 
level of accuracy (0.1% for most systems) over a wide range of energy and then employed to solve the Boltzmann 
equation via a method of weighted residuals utilizing another previously developed program (GRAM_CHAR). This 
produced ion mobilities and other transport coefficients as a function of E/N, the ratio of the electric field strength to 
the gas number density, at various gas temperatures. The mobilities obtained were generally accurate to 0.1%, the 
diffusion coefficients to 1%, and the other transport properties to 5%. The computed transport data were compared 
statistically and graphically to previous experimental data. The statistical analysis took into account the estimated 
error of both calculated and experimental values at each E/N. Since this overall procedure gave the first reported 
results for: Rb+ and Cs+ in Rn, and for Fr+ in Rg (Rg = He—Rn), no statistical analyses were performed for them. 
For the 10 remaining systems, the present potentials gave transport coefficients that are a fair to excellent 
reproduction of previous experimental data, thus supporting the claim of high quality for the interaction potentials. 
  



   

 

81 
 

308. SPECTROSCOPY AND KINETICS OF ORGANIC PEROXYL RADICALS IN AQUEOUS SOLUTION.  
Adam Offenbacher1, Jeffrey Gray1;  1Ohio Northern University, 525 Main Street, Ada, OH 

Organic peroxyl radicals (RO2·) are key intermediates in the oxidation chemistry of atmospheric gases and aerosols, 
biological systems, and waste-water treatment.  We use laser flash photolysis-transient absorption spectroscopy 
(LFP-TAS) to study reaction kinetics of substituted phenyl peroxyl radicals formed from water-soluble halo-
benzenes and phenyl-azo precursor compounds.  Time-resolved radical concentration measurements are compared 
with numerical models of the reaction mechanism, which involves several radical production and decomposition 
steps.  We are also developing a new technique called two-color TAS to distinguish spectra of peroxyl radicals 
having similar structures. 
  
309. SYNTHESIS OF SEVEN-MEMBERED DICARBAMATE ANHYDRIDES FOR RING-OPENING 

POLYMERIZATION..  Robbyn Berenda1, Tara Meyer1;  1University of Pittsburgh, 4200 Fifth Avenue, 
Pittsburgh, PA 

Polymers have many potential applications in biological systems including drug delivery, artificial blood vessels, 
heart valves, and even scaffolding for bone regrowth.  Recent efforts have been made to prepare polymers with 
controlled tacticity since it is known that chirality is important in dealing with recognition within the body.  We 
propose to use the metal-catalyzed ring-opening of seven-membered dicarbamate anhydrides to create novel 
polyurethanes with the potential for main chain chirality.  To date, we have prepared the parent dicarbamoyl 
dichloride precursor (1) from dibenzylethylene diamine and triphosgene, the di(N-hydroxyurea) derivative (2) from 
the dicarbamyl chloride and hydroxyl amine, and the di(nitrosoamide) (3) by reaction of the di(N-hydroxyurea) with 
tetrabutyl ammonium periodate.  The synthesis and reactivity of these compounds will be presented. 

 

  
310. MENSHUTKIN REACTION IN QUADRUPOLAR SOLVENTS.  Sudha Dorairaj1, Hyung Kim1;  

1Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 

Menshutkin reactions are a class of SN2 reactions involving neutral reactants but charged products. The role of 
solvent polarity is significant in these reactions as they involve separation of oppositely charged products. A 
Menshutkin-type reaction involving ammonia and methyl chloride is investigated in non-dipolar, quadrupolar 
solvents such as benzene and toluene, using Self Consistent Quadrupolar Reaction Field theory developed earlier in 
the group. The effect of higher order solvent multipoles on the potential energy surface of the reaction is analysed 
and compared with the dipolar solvent case. 
  
311. ROTATIONALLY RESOLVED ELECTRONIC SPECTROSCOPY OF BIOLOGICAL MOLECULES IN 

THE GAS PHASE.  Michael Barrett1, Leonardo Alvarez1, Cheolhwa Kang1, Seung-hoon Hong1, Diane 
Mitchell1, Tri Nguyen1, Alexei Nikolaev1, Joseph Roscioli1, John Yi1, David Pratt1;  1University of Pittsburgh, 
Chevron Science Center, Pittsburgh, PA 
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Biological molecules and systems, such as amino acids and DNA bases, make up larger systems such as proteins 
and DNA and are essential to life. In this work, we report rotationally resolved electronic spectroscopy experiments 
in the gas phase, designed to determine the structures of biological molecules and their clusters with water, to 
identify the active sites involved in recognition of information transfer at the molecular level. In addition, 
application of an external electric field allows us to measure the dipole moment within the molecule, charge density 
thereby characterizing its distribution. Information of this type is being used to “benchmark” new polarizable force 
fields for macromolecule simulations. Several examples from our recent work will be presented, and the relevance 
of our findings to the function of real biological systems will be discussed. 
  
312. METAL-ORGANIC COMPOUNDS AND POLYIMIDES.  Heather Nees1, Paul Szalay1, Matthias Zeller2, 

Allen Hunter2;  1Muskingum College, Boyd Science Center, New Concord, OH; 2Youngstown State 
University, One University Plaza, Youngstown, OH 

Research activity in recent years has lead to significant developments in the preparation and chemical property 
characterization of metal-organic framework (MOF) compounds.  This interest stems, in part, from the fact that the 
pores created in these metal-organic frameworks may be tailored for the inclusion of specific guest molecules.  
Crystalline molecular and solid state metal-organic compounds have been synthesized through reactions of solvated 
transition metal ions with organic ligands that serve as linking units.  The results of reactions of copper (II) and 
cobalt (II) with the organic linker tetrabutylammonium 4,4´ –diaminostilbene -2,2´ disulphonate ([n-Bu4N]2[DAS-
(SO3)2]) will be presented.  Organic acids that have been used in reactions with metal ions have additionally been 
the subject of anhydride syntheses.  The preparation of polyanhydrides from organic acids containing nucleophilic 
moieties such as 1,4,7,10 – tetraazacyclododecane - N,N´,N”,N´” tetraacetic acid  (DOTA) has also been 
investigated.  These compounds along with functionalized diamines have been utilized in preliminary studies 
directed at synthesizing novel polyimides.  The methods used to characterize the products of these various studies 
include single crystal X-Ray diffraction and assorted spectroscopic techniques. 
  
313. SOLVATION IN WATER AT ELEVATED TEMPERATURES.  Jinsong Duan1, Hyung Kim1;  1Carnegie 

Mellon University, 4400 Fifth ave, Pittsburgh, PA 

Solvation in water at elevated temperatures and reduced densities is studied via MD simulations using the TAB/10D 
and SPC potential models. The influence of water electronic structure variation around a solute molecule on 
solvation structure and dynamics is analyzed. Comparison between solvation dynamics and dielectric relaxation is 
made at various densities of water. 
  
314. TOWARDS POLYNUCLEAR IRON(II) COMPLEXES WITH SPIN TRANSITIONS.  Alina Dragulescu-

Andrasi1, Goutam Patra1, Jonathan Dorando1, Catalina Achim1;  1Carnegie Mellon University, 4400 Fifth 
Ave., Pittsburgh, PA 

Bistable molecules represent the basis for new materials with special electronic properties. The spin crossover 
phenomenon is an example of molecular bistability that can be used in creating molecular devices for information 
storage. The majority of spin transitions have been observed for iron(II) complexes with N-rich coordination. We 
explore the use of bis-bidentate N-donor ligands 1,4-bis(3-(2-pyridyl)pyrazolylmethyl)benzene (L1) and 1,4-bis(2-
(2-pyridyl)imidazolylmethyl)benzene (L2) as candidates for obtaining binuclear iron(II) complexes with spin 
transitions. In these complexes, we can systematically investigate the relationship between the characteristics of spin 
transitions and intermolecular interactions and exchange coupling between spins at the two iron sites. Previous 
variable temperature UV-Vis studies of mononuclear iron(II) complexes with related ligands have shown that they 
exhibit spin crossover behavior in solution. Two novel dinuclear complexes [Fe2L3](ClO4)4 (1 and 2, where L is L1 
and L2, respectively) have been synthesized by the reaction of L1 and L2 with stoichiometric quantities of iron(II) in 
methanol at room temperature. The ligands and corresponding iron(II) complexes have been characterized by 
elemental analysis, IR, 1H-NMR, UV-Vis and ESI-MS. Mössbauer spectroscopy for 1 and 2 in solid state has shown 
that  at temperatures between 4.2 and 293 K these complexes contain equivalent high-spin iron(II) and low-spin 
iron(II) sites, respectively. A behavior suggestive of spin crossover was observed for 2 in solution. Properties of 2 in 
solid state above room temperature are currently being investigated. 
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315. TEMPERATURE DEPENDENCE OF OUTER-SPHERE REORGANIZATION FREE ENERGY FOR 
ELECTRON TRANSFER IN DIELECTRIC CONTINUUM DESCRIPTION.  Swati Manjari1, Hyung Kim1;  
1Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 

Solute cavity size is an important parameter in solvation theories based on a dielectric continuum solvent 
description. In such theories, a solute molecule is assumed to be embedded in a cavity surrounded by a dielectric 
continuum solvent and the cavity radius is considered to embody all the local effects around the solute. While this 
simplifies continuum solvation models a great deal, we lose important insights into other aspects, e.g. temperature 
dependence of the solvent reorganization free energy. In the present work we extend a fluctuating cavity description, 
previously developed in our group, to consider the temperature dependence of the cavity radius and its influence on 
the outer-sphere reorganization free energy for charge transfer reactions in polar solvents. Results thus obtained 
agree well with recent experiments as well as with previous molecular level calculations for a symmetric mixed-
valence dinuclear iron complex in acetonitrile. 
  
316. COLLISIONAL ENERGY TRANSFER IN THE OZONOLYSIS OF CYCLOALKENES.  Bao Chuong1, 

Neil Donahue1;  1Carnegie Mellon University, Doherty Hall B201, Pittsburgh, PA 

There is considerable interest in the mechanism of the gas-phase ozone-alkene reactions because they can be a dark 
source of HOx radicals, which are important atmospheric oxidants. In addition, ozone-alkene reactions can lead to 
the production of secondary organic aerosols, which can affect human health, climate, and visibility among many 
things. A major area of uncertainty in the ozone-alkene reaction mechanism concerns the competition between 
collisional stabilization and unimolecular reaction of the energy-rich reactive primary ozonide and carbonyl oxide 
(Criegee) intermediates. We have used RRKM/master equation calculations to determine the fate of these 
intermediates in the ozonolysis of a series of cyclohexenes, which can serve as surrogates for the important biogenic 
monoterpene and sesquiterpene hydrocarbons. Endocyclic alkenes are especially interesting because the carbonyl 
and carbonyl oxide ozonolysis products are tethered and thus form a single, disubstituted product. This product may 
cyclize to form a secondary ozonide, but this is only likely if the reaction product has been collisionally stabilized. 
Consequently, it is possible that the ozonolysis mechanism has a significant size dependence, caused by a 
relationship between size and collisional stabilization. Our objective is to determine the degree of collisional 
stabilization of these intermediates, the dependence of stabilization on size, and the origin of stabilized carbonyl 
oxide intermediates. 
  
317. NITROXIDE SPIN-RELAXATION OVER THE ENTIRE MOTIONAL RANGE.  Soraya Pornsuwan1, 

Marco Bonora1, Sunil Saxena1;  1University of Pittsburgh, 219 Parkman Ave., Pittsburgh, PA 

The homogeneous linewidths of a spin labeled peptide were determined using Two-Dimensional Electron Spin 
Resonance (2D-FT ESR).  The temperature dependence of the line-shapes provides an easy distinction between 
commonly used models of reorientational dynamics.  The rates of site-specific rotational dynamics could be 
measured over a wide time-scale. The quantification of such local dynamics is of significant current interest for 
establishing secondary structures and tertiary interactions in large proteins. 
  
318. DISTANCE MEASUREMENT WITH ESR: A SPECTROSCOPIC RULER.  Marco Bonora1, Sunil Saxena1;  

1University of Pittsburgh, 219 Parkman Avenue, Pittsburgh, PA 

We present the use of an electron spin resonance method to determine the magnetic dipolar interaction between two 
paramagnetic centers in a macromolecule.  This provides an easy method for measuring interspin distances in the 
range of 15-80 Å, even in amorphous materials.  We show results obtained on several rigid biradicals of known 
structure.  Prospects for the use of this method to quantify global folding patterns and conformational dynamics in 
proteins will be illustrated. 
  
319. SYNTHESIS OF 2-(3-AMINOPROPYL)-5,6,7,8-TETRAHYDRO[1.8]NAPHTHYRIDINE BY A DOUBLE 

SONOGASHIRA REACTION, FOLLOWED BY A CHICHIBABIN CYCLIZATION.  Frederick Hartner1, 
Kan Eng1, Yi Hsiao1, Nelo Rivera1, Michael Palucki1, Lushi Tan1, Nobuyoshi Yasuda1;  1Merck Research 
Laboratories, Merck & Co., Inc., RY800-B375, Rahway, NJ 
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The development of an economical route to 2-(3-aminopropyl)-5,6,7,8-tetrahydro[1.8]naphthyridine 1, a key 
intermediate in the synthesis of an αVβ3 antagonist, will be presented. The preparation of 1 includes a Chichibabin 
cyclization of 3-[5-[(3-aminopropyl)pyridin-2-yl]propylamine 2, which is prepared by a double Sonogashira 
reaction of 2,5-dibromopyridine with protected propargylamines. 

 

  
320. ORGANOALUMINUM AND ORGANOTITANIUM REAGENTS MEDIATED VINYLSILANE 

SYNTHESIS FROM KETONES OR ALDEHYDES.  Man Lung Kwan1;  1John Carroll University, 20700 
North Park Blvd., University Heights, OH 

Vinylsilanes serve as convenient vinyl anion equivalents, but procedures for their stereoselective synthesis from 
ketones or aldehydes are scarce. A variety of aromatic aldehydes or ketones are converted to the corresponding 
vinylsilanes stereo- and chemo-selectively in a one-pot procedure involving the addition of 
(trimethylsilylmethyl)lithium to either aldehyde or ketone followed by treatment with either diethylaluminum 
chloride or Tebbe's reagent. (E)- or trans-vinylsilanes are formed as major products in good yield.  

 

  
321. SYNTHESIS OF LINEAR TRIQUINANES BY ROUND TRIP RADICAL CYCLIZATIONS.  Jonathan 

Tripp1, Dennis Curran1;  1University of Pittsburgh, Chevron Science Center Rm 1114, 219 Parkman Ave, 
Pittsburgh, PA 
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Diastereoselective synthesis of linear triquinanes by cascade radical reactions from acyclic precursors is complicated 
by the formation of multiple diastereomers. It was recently reported that when precursor 1 was subjected to radical 
cyclization conditions at different temperatures, different product ratios were obtained.   

 

  

 

 In trying to reproduce this work, we saw no difference in the diastereoselectivity with four tricycles being formed 
under either set of conditions. Our results show that prematurely reduced radical products are mistakenly assigned as 
the additional tricyclic diastereomers. In addition we have explored three model systems that probe the 
stereoselectivity of the key, second 5-exo radical cyclization.   
  
322. A COHERENT APPROACH TO MICROWAVE-ASSISTED SYNTHESIS.  Shannon White1;  1Personal 

Chemistry, 2 Hampshire St., Suite 100, Foxboro, MA 

Microwave assisted synthesis is a relatively new technology for many chemists.  To fully expose the impact of this 
emerging technology on the drug discovery process more chemists must use microwaves as a first choice when 
investigating synthetic methods.  New tools will be discussed that have been developed to address the apparent 
hurdles for creating a broader acceptance of microwave-assisted synthesis. Other advances in the technology that 
make scaling up (or down) with microwave-assisted synthesis a viable solution will also be discussed. 
  
323. THE CONVERSION OF AZIDES TO DIAZONIUM IONS UNDER NEUTRAL CONDITIONS.  Michele 

Williams1, Mark Lipton1;  1Purdue University, 560 Oval Dr., Box 813, West Lafayette, IN 

Diazonium ions are a widely used functional group in organic synthesis transformations. Their synthesis routinely 
involves strongly acidic conditions that may be undesirable for acid sensitive compounds. A novel procedure has 
been developed for the synthesis of diazonium by the formal abstraction of N- from azides. This novel methodology 
involves the conversion of aryl azides to Staudinger intermediates that react under neutral conditions or under Lewis 
acid catalysis to form synthetically useful diazonium ions. These ions were isolated and characterized as their diazo 
adducts. 

 

  
324. TOTAL SYNTHESIS OF SIXTEEN STEREOISOMERS OF SEX PHEROMONE OF PINE SAWFLY BY 

FLUOROUS MIXTURE SYNTHESIS.  Sivaraman Dandapani1, Mario Jeske2, Dennis Curran1;  1University 
of Pittsburgh, Department of Chemistry, 219 Parkmann Avenue, Pittsburgh, PA; 2University of Pittsburgh 
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The sex pheromone of pine sawfly (1) has four stereocenters and hence a total of sixteen possible stereoisomers.  All 
the sixteen stereoisomers have been synthesized by split-parallel Fluorous Mixture Synthesis (FMS).  Four different 
fluorous p-methoxy benzyl protecting groups were used as tags.  Julia olefination was used as the key segment 
coupling reaction.  

 

Figure 1 

  
325. THE CHEMISTRY OF (BENZOYLMONOPEROXY) POTASSIUM SULFATE.  E. Behrman1;  1Ohio State 

University, 484 W 12th Ave., Columbus, OH 

The title compound was synthesized and well-characterized by Willstätter and Hauenstein in 1909 (Ber.,42, 1839).  
They described its hydrolytic behavior.  In alkali, Caro´s acid and benzoic acid are formed by attack at the carbonyl 
carbon, but in acid, the cleavage gives monoperoxybenzoic acid by attack at sulfur.  I have found a new mode of 
reactivity.  With a phenolate ion, the title compound behaves like an analog of peroxydisulfate and gives the “Elbs” 
product by attack at peroxide oxygen. That is, it gives the p-benzoate derivative of the parent phenol rather than the 
p-sulfate, the normal product of an Elbs oxidation using peroxydisulfate.  For example, with the o-nitrophenolate 
anion it reacts to form (3-nitro-4-hydroxyphenyl)benzoate as the potassium salt under very mild conditions. 
  
326. THE SYNTHESIS OF β-SELANYL ACRYLAMIDES.  Daniel Knapton1, Tara Meyer1;  1University of 

Pittsburgh, 605 Nordeen Drive, West Mifflin, Pittsburgh, PA 

Pd(PPh3)4 is found to catalytically assemble sulfenamide, aliphatic alkyne, carbon monoxide and diphenyl 
diselenide regio- and stereo- selectively in a single pot reaction to produce good yields (60-70%) of β-selanyl 
acrylamides. A mechanistic proposal consistent with our observations includes: (1) oxidative addition of diphenyl 
diselenide to a coordinatively unsaturated palladium species, (2) stereoselective cis-selenopalladation of the 
acetylene forming a cis-vinylpalladium intermediate, (3) regioselective carbonlyation of the cis-vinylpalladium 
species at the terminal carbon of the acetylene, and (4) σ-bond metathesis of the sulfenamide and the carbonylated 
cis-vinyl palladium intermediate to produce the β-selanyl acrylamide. 

 

  
327. DIETHYLALUMINUM CHLORIDE MEDIATED VINYLSILANE SYNTHESIS: COMPARISON OF 

DIFFERENT SOLVENT SYSTEMS.  Kristen Hudach *1, Man Lung Kwan1;  1John Carroll University, 
20700 North Park Blvd. #55, University Heights, OH 

Aromatic ketones were converted to one-carbon elongated-vinylsilanes in a convenient one-pot operation via 
Peterson protocol. Reactions were conducted in pentane and triethylamine solvents. Results indicate that 
triethylamine appeared to be a more suitable solvent for such a transformation producing vinylsilanes with greater 
chemo- and stereo-selectivity than pentane.   *Undergraduate Research 
  
328. FRENCH WINE AND A LONGER LIFE:EVALUATION OF ANTIOXIDANT ACTIVITY IN FRENCH 

WINE.  John Simpson1, Christi Kolarcik2;  1Pennsylvania State University, Administration Building, 
Monaca, PA; 2Penn State University, 15 Mildred Street, Pittsburgh, PA 
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A report of the French population's low incidence of heart disease and atherosclerosis despite their high fat diets has 
been designated as the French Paradox. Many researchers have suggested that their intake of wine which is known 
to be a good source of antioxidant substances may be responsible for this phenomenon. In this project, the 
antioxidant activity of both red and white French wine was evaluated using the radical chlorination reaction of 1-
chlorobutane to its disubstituted products. We will present data which shows that the amount of these products, 
which are formed through free radical intermediates, can be lowered in the presence of wine extracts and that the 
percent inhibition correlates well with the reported ability of wine extracts to inhibit the oxidation of low density 
lipoprotein (LDL). This procedure provides an efficient process to evaluate the radical inhibition capabilities of 
wines. 
  
329. A QUANTITATIVE STUDY OF THE REACTION BETWEEN ANHYDRIDES AND FORMAMIDINE 

ACETATE.  E. Behrman1, Shelley Buchholz1;  1Ohio State University, 484 W. 12th Avenue, Columbus, OH 

Acid anhydrides react with formamidine acetate in acetone-water mixtures to yield N-formylamides via the 
corresponding amidines under very mild conditions(28th ACS CRM, #238). The major by-products are the acid 
formed by hydrolysis of the anhydride and the acid amide formed by the alternative decomposition of the initial 
tetrahedral intermediate. We have carried out a quantitative study of this reaction using nmr. The yields of the 
various products were quantified in relation to the methyl resonance of acetate. Yields are as follows(N-
formylamide, amide):phthalic(25,26 ), acetic(29,35 ), succinic(41,42 ), maleic(32,33 ), 3,3-dimethylglutaric(21,32 ). 
We noticed(to our surprise) that the yield of the N-formylamide formed from phthalic anhydride was only about half 
that of the isolated yield.  This may be due  to a solvent isotope effect(D2O for nmr, H2O for preparative work) on 
the pKa of formamidine. Our reactions were run around pH 6. The concentration of the reactive(neutral) form of 
formamidine(pKa ca. 11.5) is reduced in D2O as compared with water. Calculations suggest that formamidine is 
about ten million times more reactive as a nucleophile in this system than water. 
  
330. RNA HAIRPIN INVASION BY LOCKED NUCLEIC ACID PROBES.  Violeta Marin1, Bruce Armitage1;  

1Carnegie Mellon University, Mellon Institute, 4400 Fifth Avenue, Box 51, Pittsburgh, PA 

The trans-activation response element (TAR) RNA from the human immunodeficiency virus (HIV-1) is one of the 
most investigated therapeutic targets. Agents that bind to TAR and inhibit the trans-activator protein (Tat) binding 
are considered as potential anti-HIV drugs. Numerous classes of anti-TAR oligonucleotides, including peptide 
nucleic acid (PNA) and locked nucleic acid (LNA), have been investigated for their inhibitory activity on tat-TAR 
binding. This study explores the fundamental aspects of LNA-RNA hybridization event. 6 different LNA-DNA 
chimeras containing a variable number of LNA modifications were targeted against an RNA hairpin modeled after 
TAR. The hybridization event was characterized from a structural and thermodynamic viewpoint using UV-Vis and 
CD spectroscopy. The hybridization towards a control unstructured RNA was also studied in order to obtain insight 
into the issue of RNA folding and the thermodynamic penalties and kinetic barriers that a folded structure may 
impose on the hybridization. 
  
331. BIOCLO4-MEDIATED DEPROTECTION OF SILYL ETHERS.  R. Crouch1, Karina Menconi1, Candice 

Romany, Anna Kreshock1, Jennifer Zile1;  1Dickinson College, Department of Chemistry, Carlisle, PA 

TES- and TBS-protected alcohols undergo deprotection in good to excellent yield upon heating with BiOClO4 - x 
H2O in dichloromethane. TBDPS- and TIPS-protected secondary alcohols and TBDPS-protected phenols are more 
resistant to desilylation. Examples of selective desilylation will be presented. 
  
332. QUADRUPLEX FORMATION BY A PEPTIDE NUCLEIC ACID.  Bhaskar Datta1, Bruce Armitage1;  

1Carnegie Mellon University, 4400 Fifth Avenue, Mail Box 84, Pittsburgh, PA 
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We recently reported the homologous recognition of a G-rich DNA sequence by a peptide nucleic acid (PNA) probe 
(Datta, B.; Schmitt, C.; Armitage, B. A. J. Am. Chem. Soc. 2003, 125, 4111-4118). The proven ability of PNA to 
mimic DNA structures has led us to explore quadruplex formation by the PNA alone. UV-vis and fluorescence 
spectroscopy reveal that a stable quadruplex is formed by G4-PNA (H-G4T4G4-Lys-NH2). The G4-PNA 
quadruplex displays substantial hypochromicity of formation and quantitative energy transfer. The quadruplex 
exhibits significant dependence on specific ions and ionic strength of solution. Electrospray mass spectrometry is 
indicative of dimeric quadruplex formation with small amounts of a tetrameric quadruplex also being observed. The 
characteristics of the quadruplex under optical spectroscopy conditions are retained in mass spectrometry. While the 
exact conformation of the quadruplex is not clear, existence of a combination of different isomers cannot be ruled 
out. Quadruplex formation by G4-PNA expands the range of structures that can be formed by PNA and may be a 
useful tool in PNA-based nanostructures. 
  
333. PHOTOSTABILIZATION OF YOYO-1 BY A DNA DUMBBELL.  Kristen Hannah1, Bruce Armitage1;  

1Carnegie Mellon University, 4400 Fifth Ave., Pittsburgh, PA 

The yellow oxazole dimer (YOYO) is a bisintercalating cyanine dye that is virtually nonfluorescent when free in 
solution, but is highly fluorescent when bound to DNA.  These properties make YOYO a good candidate for 
sensitive DNA detection in vitro.  Photobleaching of cyanine dyes limits their use for DNA detection.  In an attempt 
to preserve the photophysical  properties of YOYO, we have designed a DNA dumbbell capsule to carry the dye.  
The dumbbell motif was selected for its inherent stability to exonucleases.  Synthetic ethylene glycol loops were 
used to confer additional stability to endonucleases monitored by HPLC.  Photobleaching experiments with YOYO 
bound to the dumbbell result in no loss in either the fluorescence or absorbance intensities.  Significantly, when we 
used Rose Bengal as a singlet oxygen sensitizer to introduce singlet oxygen to the system, we again witness no 
photobleaching. 
  
334. FLUORINATION OF CYANINE DYES FOR PHOTOSTABILIZATION.  Heather Rose1, Bruce Armitage1;  

1Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 

Photodegradation is a major concern for molecules used in cellular imaging and as sensors.  Irradiation often causes 
dye molecules to photobleach within seconds.  In an effort to realize a widely applicable structural modification 
which would enhance the photostability of a broad range of molecules, we have developed a fluorinated analog of 
the cyanine dye 3,3´-diethylthiadicarbocyanine (DiSC2(5)), in which all the benzyl hydrogen atoms are substituted 
with fluorine.  DiSC2(5) is a symmetrical cationic dye composed of two nitrogen centers contained within N-
ethylated benzothiazole groups linked by a pentamethine chain.  The dye exhibits significant bleaching in solution.  
In this study, the photobleaching properties of DiSC2(5) and its fluorinated Octafluoro analog have been monitored 
by UV-vis and fluorescence spectroscopy.  Results indicate that fluorination of DiSC2(5) greatly enhances the 
photostability of the dye.  Experiments conducted in D2O and with a singlet oxygen sensitizer indicate that the 
mechanism of photobleaching likely involves attack by singlet oxygen (1O2).  Enhanced photostability upon 
fluorination leads us to believe that such modification could be applied to different dyes, allowing for the 
development of molecules for effective cellular imaging. 
  
335. EFFECT OF CYANINE DYE ON CHIRALITY OF PNA/PNA TEMPLATES.  Babu Renikuntla1, Bruce 

Armitage1;  1Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, PA 

The symmetrical cyanine dye having chiral side chain(1), binds to achiral PNA-PNA duplex and chiral PNA-PNA 
duplex. Binding has been observed using UV-visible spectroscopy(UV) and circular dichroism(CD). Achiral PNA-
PNA duplex showed induced circular dichroism(ICD) upon binding by the (1) dye, while a symmetrical cyanine 
dye(2) is inactive under same conditions. We believe binding of the chiral cyanine dye in the minor groove of the 
PNA-PNA duplex renders a  chirality in the duplex. Circular dichroism studies on chiral PNA-PNA duplexes 
showed changes in conformation after binding of (1). This shows the ability of minor groove binding molecules  to 
control helicity/chirality of nucleic acids. 
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336. FROM THE LABORATORY TO THE LEADERSHIP TEAM – OUT OF THE FRYING PAN AND INTO 
THE FIRE.  Connie Murphy1;  1The Dow Chemical Company, 47 Building, Midland, MI 

A few years ago I moved from a lab technician position to a coaching and mentoring team leader role.  Within a few 
months that role evolved and I became Group Leader for Technologists & Operations in the Materials Research 
Discipline of Materials Sciences & Information Research in Dow Corporate R&D.  My responsibilities include line 
management for 12 technicians/technologists in three locations  (TX , MI and Central Germany).  In this 
presentation, I will outline how my role came about, why it makes sense and how it brings value to the organization.  
Also discussed will be how my volunteer activities in professional organizations for technicians led to the 
development of the competencies needed to fulfil the requirements of my current position.  
  

 
337. INNOVATIVE CHEMICAL LABORATORY TECHNICIAN STUDENTS - BIDWELL TRAINING 

CENTER, INC..  Michelle Blanken1, Mykesha Adams1, Patrice Bonilla-Sexton1, Jeanette Eastman1, Yvette 
Gilbert1, William Grob1, Ronald Orenak1, Dan White1;  1Bidwell Training Center, 1815 Metropolitan Street, 
Pittsburgh, PA 

The Bidwell Training Center´s Chemical Laboratory Technician Program is an accelerated one-year program that 
prepares students for entry-level technician positions in chemical and related industries.  The program prepares 
students for careers as chemical technicians through the partnerships that have been established with industry and 
several professional organizations; but most of all, it is the determination and hard work of the students that make 
the program a success.   The core of the program´s curriculum consists of instruction in chemistry, mathematics, 
computers, and basic laboratory techniques.  Each class of students is unique and adds its own approach to the 
existing curriculum in order to better suite the class´s needs and interests.  For example, the students complete 
numerous hands-on activities and experiments where practical, industry-oriented training is stressed, they tour 
several chemical organizations´ facilities, attend workshops and presentations outside of the classroom, volunteer at 
activities such as National Chemistry Week, network with other chemical professionals, and complete an eight-week 
externship, all as part of their training.  These types of activities help to produce innovative, enthusiastic, well-
prepared chemical laboratory technicians.      
  
338. TECHNICIANS MAKE IT HAPPEN!.  Robert Krystosek1;  1The Dow Chemical Company, 1776 Building, 

Midland, MI 

Come and learn everything you ever wanted to know about the Division of Chemical Technicians, Inc. (TECH). 
Meet several of our leaders. Discuss TECH history, purpose and our future vision. Learn about our member benefits, 
and our diverse industrial, academic and governmental membership. Discover our connections with the American 
Chemical Society, Local Sections, Technician Affiliate Groups and Student Affiliate Groups.  Realize the vast 
influence that technicians have on the world's scientific community. TECH is expanding to new horizons and you 
can be a part of this journey.  
  
339. WPTAG AND NATIONAL CHEMISTRY WEEK.  V. Michael Mautino1;  1Bayer Polymers LLC, Bayer 

Polymers LLC, 100 Bayer Rd., Bldg.2, Pittsburgh, PA 

For the past five years the Western Pennsylvania Technician Affiliate Group (WPTAG) has organized the Pittsburgh 
Section ACS's National Chemistry Week (NCW) Program.  Learn how this group of innovative technicians and 
students has combined science education with hands-on experiments and demonstrations to educate and entertain the 
public, with a positive message about chemistry. 
  
340. “WHAT IS A TAG?”.  Alan Bushmire1;  1Bayer Polymers LLC, 100 Bayer Rd., Bldg #2, Pittsburgh, PA 
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Local technician affiliate groups serve as a valuable vehicle by which technicians can improve their image in the 
scientific community and gain greater respect through growing programs of continuing education and public 
relations as well as through sharing technical expertise. It is a society of concerned, dedicated individuals striving to 
enhance the use of the untapped potential that technicians have to offer. It is a society in which the members view 
themselves as having a “professional” attitude toward their work. In a rapidly advancing, highly technical society, 
there is a growing need for dedicated, conscientious technicians to contribute more to the efforts of the scientific 
team. 
  
341. SCIENCE ROCKS.  Gerry Lewis1;  1Bayer Polymers LLC, 100 Bayer Rd., Bldg#2, Pittsburgh, PA 

Few Americans understand the scientific process. A survey from he National Science Foundation showed over 70% 
of Americans in fact do not understand the scientific process. That's why the BASIC program (Bayers Association 
for Science in the Community) is so important. By visiting our area schools, Bayer and BASIC are securing the 
scientist and work force of tomorrow. Using hands on science in the class room, we bring excitement and the 
wonder of science to the fingertips of students of all ages. 
  
342. POLYASPARTIC ESTER SYNTHESIS FOR USE IN POLYUREA COATINGS.  Amy Wylie1;  1Bayer 

Polymers, 100 Bayer Road, Pittsburgh, PA 

Commercially available primary amines can be used as coreactants for polyisocyanates, but high reactivity limits 
their broad use in the coatings industry.  Modification of primary amines by the use of the Michael Addition 
Reaction with diethyl maleate results in a secondary amine coreactant with a moderate reactivity.  These products 
are finding use in the automotive and industrial finishing industries.  The poster will discuss the disadvantages of 
using primary amines as a coreactant for polyisocyanates versus the advantages of using aspartic ester secondary 
amines as a coreactant.  Featured next will be the explanation for the synthesis of aspartate esters by use of the 
Michael Addition Reaction.  The urea chemistry will then be explained by using the reaction of an amine with a 
polyisocyanate to form polyurea coatings. These reactions will shed light on the features and benefits of the urea 
chemistry.  Lastly, product applications and market demands will also be addressed.   
  
343. WHAT IS COLOR?.  Darlene Vespaziani1;  1Bayer Chemicals, 100 Bayer Road, Pittsburgh, PA 

This poster will discuss aspects of colorimetry in regaurds to the paper industry.  This topic will explain how the 
human eye disdinguishes color and how objects absorb and reflect wavelengths.  This ties into the topic of 
illumination and how this effects shade matching in the paper industry.  Lastly, define the color space used in 
industry to assign numerical value to a color.  
  

 
344. HIGHLY SOLUBLE SURFACTANTS.  Daniel Connor1;  1The Procter & Gamble Co., P.O. Box 538707, 

Miami Valley Labs, Cincinnati, OH 

Highly soluble surfactants improve laundry detergents by increasing their performance in cold, hard water.  This 
improves laundry for the consumer while saving energy.  This result was obtained by minor modification of the 
hydrophobic tails of main frame surfactants rather than changing their hydrophilic head groups.  Most existing main 
frame surfactants, introduce in the 1960's, were made as linear as possible in order to achieve high biodegradability.  
While good performers in the hot water with phosphate hardness control, it became increasingly difficult to achieve 
good performance with non-phosphate formulas as wash temperatures were lowered, especially in high hardness.  
Previous synthetic surfactants generally had highly branched tails which were too slowly biodegradable.  The 
innovation is introduction of midchain monomethyl substitution into the surfactant hydrophobe.  This minor 
modification allows use of most existing capital with minor additions for intermediates, surfactant and detergent 
manufacture. 
  
345. ENVIRONMENTAL AND BIOLOGICAL TRANSFORMATIONS AND RELATED ASPECTS OF 

SILICONES.  Sudarsanan Varaprath1;  1Dow Corning Corporation, 2220 Salzburg Road, Mail #CO3101, 
Midland, MI 



   

 

91 
 

Polydimethylsiloxanes (PDMS) find extensive use in industrial and consumer product applications.  The widespread 
use of PDMS in various product formulations for consumer applications necessitated conducting fate/effects testing.  
Fundamental to any toxicological investigation is understanding biochemical transformations (metabolite 
identification).  The task of identifying siloxane-based metabolites is often challenging due to the propensity of the 
siloxane moieties to undergo rearrangement, self-condensation or isomerization under acidic or basic conditions.  
Summary of metabolites of simple siloxanes following the methodologies developed that maintain structural 
integrity will be presented.  One of the most significant findings is the unambiguous establishment of the occurrence 
of silicon-carbon bond cleavage in biological systems.  Equally interesting is the occurrence of similar phenomena 
in soil-mediated degradation of silicones.  These results indicate that silicones are not an inert as once believed.  
Quantitation of silicones at trace levels in biological and environmental matrices also presents analytical challenges.  
Highlights of relevant observations, misconceptions, and analytical methods developed will be presented.  Lastly, a 
very reliable method to accurately determine the true aqueous solubility of commercially important 
permthylsiloxanes will be presented.  True water solubility is one of the key physical parameters needed to define 
the environmental fate of a chemical.  The true solubility values obtained for several commercially significant 
siloxanes ranged downward from one part per million to mere parts per trillion.  
  
  

 
346. CRYSTALLINE COLLOIDAL ARRAY TECHNOLOGY:  FROM UNIVERSITY RESEARCH TO BASIS 

OF A START-UP.  Gerald Cano1;  1Glucose Sensing Technologies, 3000 Lexington Court, Export, PA 

Diabetes affects approximately 17 million Americans and the number is growing. Despite the clear advantages of 
intensive therapy in preventing or delaying the onset of complications, only about 22% of Type I diabetics (the most 
critical patients) practice it. The major obstacle to wider adoption is the need to draw blood several times a day. In 
fact blood drawing is a deterrent to closer control across all diabetes sufferers. Glucose Sensing Technologies, LLC 
expects to provide diabetics with easy, painless means to closely monitor glucose levels to enable close regulation of 
glucose to normal.  Glucose Sensing Technologies´ fundamental sensor material technology, licensed from the 
University of Pittsburgh, is a colloidal array hydrogel whose diffraction properties predictably change with the 
concentration of glucose in body fluids. This technology will be the basis for various products that readily provide 
the diabetic with information to better control blood glucose levels in the normal range to reduce the degenerative 
effects of diabetes.  Glucose Sensing Technologies expects to pursue a synergistic development approach involving 
products outside the diabetes space to advance diabetes applications that have a longer development timeline. 
  
347. FLUOROUS CHEMISTRY AND TECHNOLOGY IN PITTSBURGH:  FROM IDEA TO EXPERIMENT TO 

MARKET.  Dennis Curran1;  1University of Pittsburgh, Chevron Science Center Rm 1101, 219 Parkman 
Ave, Pittsburgh, PA 

Fluorous chemistry methods provide new options to synthesize and separate organic molecules based on the unique 
properties of fluorous (fluoroalkyl) tags. An overview of the development of fluorous chemistry in Pittsburgh will be 
presented from inception and proof of principle in the mid-1990's at the University of Pittsburgh through 
commercialization starting in 2001 by Fluorous Technologies, Inc. 
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