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INOR 1 

Metal complexes with supramolecular structures designed to support single-crystal to single-crystal transformations 

Daniel L Reger, reger@chem.sc.edu, Agota Debreczeni, Jacob J Horger, Mark D Smith.Department of Chemistry and Biochemistry, University of South 
Carolina, Columbia, SC 29208, United States 

Bifunctional ligands that contain both the carboxylate donor group and the 1,8-naphthalimide pi-stacking supramolecular synthon have been used to 
prepare transition metal carboxylate dimers in order to assemble three-dimensional architectures organized by supramolecular interactions of 1,8-
naphthalimide rings. The ligand 4-(1,8-naphthalimido)benzoate assembles zinc(II) dimers into a unique three-dimensional architecture solely organized 
by pi···pi stack ing interactions. Cooling single crystals of this compound causes two distinct crystallographic phase transitions without loss of crystallinity. 
These crystals also undergo a single-crystal to single-crystal gas/solid guest exchange upon exposure to atmospheric moisture. The robust network is 
not porous; local distortions (ring slippage and tilting changes) of the pi···pi stacking interactions allow these changes to  take place without the loss of 
crystallinity. This work has been extended to paddlewheel copper(II) carboxylate dimers where the most interesting result is an enationselective single-
crystal to single-crystal transformation when the ligands are built from enantiopure amino acids. 

INOR 2 

Low-coordinate iron and copper complexes with fluorinated oxygen-donor ligands 

Linda H Doerrer, doerrer@bu.edu, Stefanie A Cantalupo, June S Lum.Department of Chemistry, Boston University, Boston, MA 02215, United States 

The synthesis, structural and electronic characterization of homoleptic iron fluorinated phenolate complexes in two oxidation states have recently been 
reported (Inorg. Chem. 2011, 50 (14), 6584-6596.). Spectroscopic studies suggest that these ligands are the electronic equivalent of fluoride, and are 
therefore interesting to investigate in the context of higher oxidation states (Inorg. Chem. 2009, 48 (10), 4274-4276.). The extension of this chemistry to 
fluorinated alkoxide complexes has led to the preparation of three- and four- coordinate iron complexes in the Fe(II) and Fe(III) oxidation states whose 
reactivity will be discussed. In addition, homoleptic copper(I) derivatives, with the general formula: K[Cu(OR)2], (OR, where R= C4F9, CPhMe

F
2, or 

OCMeMe
F

2) react with O2 at low temperature to generate highly reactive intermediates. These {Cun-O2} species react with CO2 to form Cu(II) carbonate 
species whose preparation and characterization will be presented. 

INOR 3 

Solution and refinement of non-routine crystal structures 

Charles F. Campana
1
, Charles.Campana@BRUKER-AXS.com, Ilia A. Guzei

2
.  (1) 5465 East Cheryl Parkway, Bruker AXS Inc., Madison, Wisconsin 

53711, United States  (2) Department of Chemistry, University of Wisconsin - Madison, Madison, Wisconsin 53706-1322, United States 

Single-crystal X-ray diffraction has become one of the most important tools for determining the three-dimensional structures of newly synthesized 
compounds in inorganic, organometallic and organic chemistry. In the last few decades, the development of high-sensitivity two-dimensional detectors, 
high-intensity X-ray sources, reliable low-temperature accessories and automatic structure determination routines have extended the range of 
applications to include smaller crystals and unstable compounds. It has now become possible for chemists (and even undergraduate students) with little 
formal training in X-ray crystallography to carry out routine crystal structures and publish these results in peer-reviewed chemical and crystallographic 
journals. As a result, there has been an exponential increase in the number of published crystal structures and the number of entries in the 
crystallographic databases. 

In spite of these advances, there a significant numbers of important chemical compounds for which the crystal structures are not routine and advanced 
crystallographic tools and techniques must be applied. These non-routine problems include various types of twinning and disorder problems. We will 
utilize examples from our laboratories to illustrate some of the successful methods of obtaining publication-quality structures from problem datasets. We 
will also comment on some of our concerns regarding limited opportunities for chemistry students to learn crystallography. 

INOR 4 

Self-assembly of highly charged corannulene: Structural mystery resolved 

Alexander V. Zabula, Alexander S. Filatov, Sarah N. Spisak, Marina A. Petrukhina, mpetrukhina@albany.edu.Department of Chemistry, University at 
Albany, State University of New York, Albany, NY 12222, United States 

The long-standing mystery behind the structure formed by the highly reduced fullerene fragment, the corannulene tetraanion C20H10
4ī

, is now resolved. 
Single-crystal X-ray diffraction analysis of its lithium salt confirms the formation of a sandwich-type supramolecular aggregate with a high degree of alkali 
metal intercalation. In contrast to the previously proposed model, it is now revealed that five Li

+
 ions are sandwiched between the two tetrareduced 

corannulene decks to form the supramolecular dimer both in solution and in the solid state. These results establish a new paradigm for lithium 
intercalation between the curved carbon surfaces of buckybowls, fullerenes, and nanotubes. Moreover, the above corannulene anion having one 
electron per five carbon atoms is more electron rich than the fullerene-hexaanion (one electron per ten carbon atoms). Structural deformations caused 
by adding multiple electrons to a bowl-shaped polyarene as well as transformations of the resulting supramolecular aggregate in different solvents will be 
discussed. 

INOR 5 

Different shapes of the C96 fullerene cage 

Marilyn M Olmstead
1
, mmolmstead@ucdavis.edu, Alan L Balch

1
, James C Fettinger

1
, Hua Yang

2
, Ziyang Liu

2
.  (1) Department of Chemistry, University 

of California, Davis, California 95616, United States  (2) College of Materials Science and Engineering, China Jilang University, Hangzhou, Zhejiang 
310027, China 

We recently determined the crystal structures of two isomers of the empty cage fullerene C96. To our knowledge, these represent the largest empty cage 
fullerenes that have been crystallographically characterized to date. For a cage of this size, there are 187 possible isomers that obey the isolated 
pentagon rule (IPR), a rule that excludes pentagons from touching in purely carbon cages comprised of pentagons and hexagons. These two new C96 
cages are not exceptions to the rule. Even given the IPR, theoretical calculations have had mixed success in the prediction of the most stable isomers. 
Although there are at least two other stable isomers, and others may eventually be isolated, our work has confirmed the existence of two very different 
molecular shapes for C96. One isomer is nanocapsular in shape with D3d point symmetry, and the other is more spherical with C2 point symmetry. 

INOR 6 

Crystallography of solvent mobility, phase transitions and chemical reactions in transition metal complexes of orotate and citrate 

Larry R. Falvello, falvello@unizar.es.Department of Inorganic Chemistry and ICMA, University of Zaragoza - C.S.I.C., Zaragoza, Spain 

Transition metal complexes of polyfunctional ligands -- ligands with multiple functional groups -- form molecular solids which change in unpredictable 
ways when their environments are modified. A cobalt orotate complex has been found to undergo an arrested phase transition that produces a 
crystalline sample with both triclinic and monoclinic phases present at the same time. The "single-crystal" characterization of this double phase is 
described, with special attention to the separation of the diffraction patterns of the two phases. Citrate complexes present a rich variety of behaviors in 



2 

 

their molecular solids, from chemical reaction to modulation to solvent transport, all non-destructive, which have been studied by single-crystal 
diffraction. These transformations can be provoked by temperature and dehydration, or other modifications of ambiant conditions. The factors that give 
rise to this behavior are related to the nature of the structural building blocks of the crystals formed by these complexes. 

INOR 7 

Asymmetric aldehyde methylation with titanium Lewis acid catalysts and some observations on chiral ligand-metal wrapping from X-ray 
crystallographic studies 

Joseph Tanski, jotanski@vassar.edu, Mollie Baker-Salisbury, Tamila Shalumova.Department of Chemistry, Vassar College, Poughkeepsie, NY 12604, 
United States 

Asymmetric catalysis is synthetically useful to chemists and is a topic of broad relevance to science. The methylation of benzaldehyde with dimethyl zinc 
catalyzed by resolved R- or S- BINOL in combination with resolved titanium sec-butoxide of the opposite configuration designation results in 
enantiomeric excess (ee) of 1-phenylethanol in the range of 60%. Even higher ee's of 80-90% have been observed using a different chiral diol, R,R-
TADDOL. With differently substituted arylaldehydes, such as chlorobenzaldehydes, we have recently achieved >99% conversion to the methylated 
product with >99% ee. Crystallographic studies on a series of compounds obtained from alkoxides of titanium, zirconium and scandium and racemic or 
resolved chiral chelating ligands tetrahydrosalen and BIPHEN prepared for study as possible Lewis acid catalysts for asymmetric aldehyde methylation 
reveal details of the ways these ligands may wrap around the metal center. 

INOR 8 

Lead binding to metallothionein 

Rachel N Austin, raustin@bates.edu, Lesley Mo, Angela Su.Department of Chemistry, Bates College, Lewiston, ME 04240, United States 

The cellular biology of lead is still poorly understood. Metallothioneins are known as quintessential heavy-metal binding proteins but it is still not clear 
whether they bind lead or not under physiological conditions. Metallothionein-3 (MT3) and metallothionein-1 (MT1) were expressed using a glutathione 
S-transferase gene fusion system and purified using FPLC and site-specific thrombin cleavage. Lead binding to MT1 and MT3 was characterized by UV-
vis titrations. Lead was shown to be capable of displacing bound zinc. Determination of binding constants and binding stoichiometries is underway. <h1> 
</h1> 

INOR 9 

Synthetic models of iron-sulfur enzymes: Catalysts for hydrogen evolution 

Charles A Mebi, cmebi@atu.edu, Derek Karr, Ruixiao Gao, Andrew Williams, Charlette Felton.Physical Sciences, Arkansas Tech University, 
Russellville, Arkansas 72801, United States 

A variety of new diiron-carbonyl complexes as models for the active site of [Fe-Fe] hydrogenase enzyme containing polyaromatic thiolato groups have 
been synthesized and characterized via spectroscopic methods and X-ray crystallography. The electrochemical properties of these complexes have 
been determined by cyclic voltammetry and will be presented. Electrocatalytic reduction of protons to molecular hydrogen using these complexes has 
been conducted. The effect of the ligands on the electrochemical properties and catalytic activity is examined. 

INOR 10 

Synthesis and SOD-like activity of Mn(III) complexes derived from tridentate Schiff base ligands 

Matthew Mackenzie, cimmoos@calpoly.edu, William Grau, Samuel Mann, Philip J. Costanzo, Chad E. Immoos.Department of Chemistry and 
Biochemistry, California Polytechnic State University, San Luis Obispo, CA 93407, United States 

Reactive oxygen species (ROS) have been associated with cardiovascular disease and degenerative neurological diseases, such as Parkinson's and 
ALS. To combat such species, the body employs superoxide dismutase (SOD) enzymes to protect against damage from superoxide. Manganese Schiff 
base complexes have been shown to exhibit significant SOD activity. We are investigating the factors influencing SOD-like activity in these complexes. A 
variety of ligands were prepared using simple condensation reactions and ñClickò chemistry. This approach allowed for the preparation of a ligand library 
with both electronic and structural diversity. The associated manganese complexes show varying levels of SOD-like activity. The synthesis, 
characterization, and SOD activity of the manganese complexes will be presented. Comparison of different electronic and structural features will be 
discussed. 

INOR 11 

De novo protein models of binuclear non-heme iron enzymes 

Amanda J. Reig
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, areig@ursinus.edu, Susan E. Butch
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, Sabrina N. Cimerol

1
, Marcos M. Pires

2,3
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, Hyunil Jo
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William F. DeGrado
4,2

.  (1) Department of Chemistry, Ursinus College, Collegeville, PA 19426, United States  (2) Department of Biochemistry & 
Biophysics, University of Pennsylvania, Philadelphia, PA 19104, United States  (3) Department of Chemistry, Lehigh University, Bethlehem, PA 18015, 
United States  (4) Department of Pharmaceutical Chemistry, University of California San Francisco, San Francisco, CA 94158, United States  (5) Los 
Alamos National Laboratory, Los Alamos, NM 87545, United States 

Binuclear non-heme iron enzymes catalyze a vast array of chemical reactions despite having remarkably similar active sites. To understand the 
geometric and electronic factors that influence reactivity, we utilized a de novo four-helix bundle scaffold to create and characterize three model proteins 
whose active sites vary in the number of iron-coordinating His and carboxylate residues. The original model protein containing two His and four 
carboxylate residues exhibits O2-dependent two-electron oxidation of activated phenols (similar to alternative oxidase). This functionality was 
reprogrammed to selective arylamine oxygenation (analogous to the N-oxygenase AurF) through the addition of a third active-site His residue. 
Modification of the original active site to include an additional carboxylate residue (similar to rubrerythrin) has been accomplished and reactivity studies 
will be presented. Comparisons of the spectroscopic and geometric properties of these structurally-similar but functionally distinct proteins provide 
insight into the roles of individual amino acids in tuning catalytic activity. 

INOR 12 

Model complex computational investigations of the copper dioxygenase active site 

Christina M Hamilton, christina.hamilton@bobcats.gcsu.edu, Jeffrey Ivie, Candace Rowell, Julia K Metzker.Department of Chemistry, Physics and 
Astronomy, Georgia College & State University, Milledgeville, GA 31061, United States 

The active sites in dioxygenase proteins degrade heteroaromatic substrates into aliphatic compounds by incorporating molecular oxygen. Quercetin 2,3 
dioxygenase (QDO) is the only definitively characterized copper-containing protein in this class. Although the mechanism of QDO degradation is not well 
understood, several model complexes have been studied that mimic the reactivity and coordination of the native enzyme active site. Structurally the 
majority of these models demonstrate bidentate coordination of the copper center with the quercetin, forming a stable, five-membered chelate ring. The 
bidentate coordination differs from the monodentate coordination in the native enzyme making the complexes less viable as models for dioxygenase. We 
propose a monodentate model that mimics the geometric arrangement of the QDO active site. Density functional theory studies will elucidate the 
comparative energetics of monodentate and bidentate models, as well as the effect of the energetics on the reactivity.  
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INOR 13 

Synthesis, biophysical reactivity and medicinal evaluation of a series of half-sandwich ruthenium complexes with a 1,4,7-trithiacyclononane 
face-cap 

Marc-Andre LeBlanc
1
, floyd.beckford@lyon.edu, Floyd A Beckford

1
, Antonio Gonzalez-Sarrias

2
, Navindra P Seeram

2
.  (1) Department of Chemistry, 

Lyon College, Batesville, AR 72501, United States  (2) Department of Biomedical and Pharmaceutical Sciences, University of Rhode Island, Kingston, RI 
02881, United States 

Four complexes of the type [9]aneS3Ru(ATSC)Cl]Cl where ATSC = 9-anthraldehyde thiosemicarbazones with a N3-alkyl (H, CH-3, C2H5 or C6H5) 
substituent were synthesized. The complexes bind to DNA moderately with binding constants ranging from 3.21 x 10

4
 ï 1.27 x 10

5
 M

-1
. Electronic 

absorption spectral analysis of the reaction of the complexes with model proteins did suggest that they can bind to the proteins. In addition, the 
complexes bind to human serum albumin with the binding constants on the order of 10

4
 M

-1
. We have investigated the cytotoxicity of the complexes 

against 22Rv1 (human prostate) cells, HCT-116 (human colorectal) and MCF-7 (human breast) cancer cell lines along with a non-tumorigenic CCD-
18Co (human colon fibroblasts) cell line. Against the 22Rv1 cell line the complex bearing a phenyl group on N3 was the most active. They show good 
antibacterial profiles against gram-positive bacterial strains but showed no activity against the gram-negative strains we studied. 

INOR 14 

Half-sandwich ruthenium complexes with thiosemicarbazones ancillary ligands 

Floyd A Beckford
1
, floyd.beckford@lyon.edu, P. Canisius Mbarushimana

1
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2
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Sciences, University of Rhode Island, Kingston, RI 02881, United States 

Half-sandwich ruthenium complexes particularly those containing an organometallic face-capping group have recently been shown to be good structural 
motifs for investigating the development of metallodrugs. In our lab we have synthesized a series of complexes of the type [(face-
cap)Ru(dmabTSC)Cl]X, where face-cap = benzene, p-cymene or [9]aneS3, dmabTSC = dimethylaminobenzaldehyde thiosemicarbazone and X = Cl

-
 or 

PF6
-
. We have investigated the biochemical and biophysical reactivity of the complexes by examining their interactions with calf-thymus DNA, human 

serum albumin and other model proteins. The compounds have been tested for anticancer activity against 22Rv1 (human prostate carcinoma), HCT-116 
(human colorectal carcinoma), Caco-2 (human colorectal adenocarcinoma) or MCF-7 (human breast adenocarcinoma) along with a non-tumorigenic 
CCD-18Co (human colon fibroblasts). Against the 22Rv1 cell line the p-cymene complex is the most active followed by the [9]aneS3 complex and then 
the benzene complex. The activity versus HCT-116 and Caco-2 was minimal with IC50 values above 350 ɛM. 

INOR 15 

Second generation of hybrid P450 enzymes as light-driven biocatalyst for the selective hydroxylation of C-H bond 

Ngoc-Han Tran, lionel.cheruzel@sjsu.edu, Lionel Cheruzel.Chemistry, San Jose State University, San Jose, CA 95192-0101, United States 

Cytochromes P450 constitute a unique superfamily of heme-thiolate enzymes that catalyze the insertion of an oxygen atom, derived from molecular 
dioxygen, into a C-H bond of a variety of organic substrates, often with high degrees of regio- and stereoselectivity. These proteins have been of great 
interest due to their unique synthetic potential. However, most P450 monooxygenases are characterized by low activity, limited stability and general 
dependence on auxiliary electron carrier proteins called reductases. 

Our research has been focused on an alternative approach to perform P450 reactions based on light activation. We have developed the first generation 
of hybrid enzymes containing a Ru(II) photosensitizer covalently attached to non-native single cysteine residues of P450 BM3 heme domain mutants. 
We recently reported that these hybrid enzymes are capable of selectively hydroxylating lauric acid with 40-fold increase in TON compared to the wild 
type heme domain using the peroxide shunt. 

Building on these results, we have been working to improve the activity and stability of the hybrid enzymes by optimizing the reaction conditions and by 
expanding our library of mutants from the two initial hybrid enzymes, generating the second generation of hybrid enzymes. This fifteen mutant library of 
hybrid enzymes consist of new non-native single cysteine residues of P450-BM3 heme domains as well as new photosensitizers. We will present the 
results obtained with this second generation of hybrid enzymes regarding the improved reactivity and stability along with insights on their mechanism. 

INOR 16 

Characterization of Cu-metalloproteins at biological interface of silver nanoparticles 

Andrew Martinolich, Grace Park, Meagan Nakamoto, Rachel Gate, Korin Wheeler, kwheeler@scu.edu.Chemistry and Biochemistry, Santa Clara 
University, Santa Clara, California 95053, United States 

The utility of silver nanoparticles (AgNPs) is limited by a poor understanding of their biological interface. Like any surface property, proteins at the 
interface of AgNPs influence cellular uptake, cytotoxicity, and biodistribution. With a focus upon on the dynamic role of size-dependent surface oxidation 
in altering the biological interface, we explore three major mechanisms of Cu-metalloprotein interaction with AgNPs. The role of metalloproteins in AgNP 
surface oxidation and dissolution will be discussed, including assessment of the role of O2(g) and direct protein-AgNP interaction on AgNP dissolution. In 
addition, preliminary data will be presented demonstrating the impact of AgNP curvature and surface oxidation on Cu metalloprotein unfolding and 
aggregation. These structural studies have highlighted the key roles of the Ag-thiol bond as well as nonspecific chemiabsorption. With a fundamental 
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understanding of silver NP-Cu metalloprotein interactions, dominant physicochemical properties at the silver NP biological interface can be predicted 
and controlled to further applications in nanobiotechnology and nanomedicine. 

INOR 17 

Exploring an alternate role for Riboflavin Binding Protein in copper transport and storage 

Khadija M Jawad, kmjawad@umd.umich.edu, Alberto M. Lopez, lopezam@umd.umich.edu, Sheila R. Smith, Marilee Benore.Department of Natural 
Sciences, University of Michigan Dearborn, Dearborn, Michigan 48128, United States 

Riboflavin binding protein (RBP) is an appealing subject of study because it is actively transported into avian embryos, even in the absence of its only 
known substrate, riboflavin. Since nature does not often waste energy on purposeless proteins, another role as a Cu transporter is hypothesized. 
Previous studies have shown that RBP binds Cu in a 1:1 molar ratio at a type II binding site. Still, the question arises as to whether this binding is 
functional or adventitious. In an effort to answer this question, we are currently exploring two approaches. One of the goals in our group is the 
determination of the CuRBP binding constant. The failure of several traditional methods for this determination have led us to develop a novel technique. 
Furthermore, we are looking at other divalent metal ions, in particular zinc, to determine if the binding of copper is specific. In the event of Zn binding, 
competition analyses with Cu will be conducted, as will the determination of the ZnRBP binding constant. 

INOR 18 

Heterometallic Fe-Au and Fe-Pd iminophosphorane containing complexes as potential anticancer agents 

Nicholas M Lease
1
, QueensNL@gmail.com, Monica Carreira
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, Angela Casini

3
, Maria Contel

1,2
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11210, United States  (2) Chemistry, The Graduate Center CUNY, Manhatten, New York 10016, United States  (3) Laboratory of Organometallic and 
Medicinal Chemistry, Institut des Sciences et Ingénierie Chimiques, Lausanne, Switzerland 

Based on previously obtained promising results on the antitumor properties of organo-gold(III) complexes containing iminophosphorane ligands of the 
type PPh3=NPh,

1
 whose antitumor effects seem to be related to the production of Reactive oxygen species (ROS) at the mitochondrial level,

2
 we report 

here on the synthesis and biological characterization of new gold(III) and palladium coordination complexes containing iminophosphoranes derived from 
ferrocene-phosphines (1-3 ). 

 

 
 

1. Contel et al. Inorg. Chem. 2009 , 48, 1577. 

2. Contel, Marzo et al. J. Inorg. Biochem. 2011 , 105, 1306. 

INOR 19 

Nanostructures for electrochemical energy storage (NEES) 

Sang Bok Lee
1
, slee@umd.edu, Gary Rubloff

2
.  (1) Department of Chemistry and Biochemistry, University of Maryland, College Park, MD 20742, 

United States  (2) Department of Materials Science and Engineering, University of Maryland, College Park, MD 20742, United States 

This presentation will focus on four strategic themes in roles of nanostructures and their heterogeneous structures for electrochemical energy storage 
systems, research activities under the NEES Energy Frontier Research Center at the University of Maryland with 6 participating institutes; (1) cathode 
nanostructures (MnO2 and Sulfur), (2) anode nanostructures (Si and Ge nanowires), (3) enabling science and technology (real-time monitoring of single 
individual nanostructures) and (4) high density nanostruture assemblies and science. These four themes will be described in the aspects of the 
synthesis, synthetic mechanisms and controllability, characterizations, new findings, and performances of well-defined nanostructures ï mainly nanowire 
arrays. 

INOR 20 

Photoelectrochemical and photovoltaic applications of 3D hierarchical photoelectrodes made of earth-abundant semiconductor nanowires 

Song Jin, jin@chem.wisc.edu.Department of Chemistry, University of Wisconsin-Madison, Madison, WI 53706, United States 

Practical solar energy conversion not only calls for efficient photovoltaic (PV) or photoelectrochemical (PEC) devices but also abundant, inexpensive, 
and stable photoactive materials that can simultaneous enable efficient light harvesting, charge separation and collection, and chemical transformations 
(for solar fuels). One-dimensional (1D) nanowires can be advantageous in solar harvesting compared with conventional planar photoelectrodes because 
they have a long axis to absorb incident sunlight effectively yet with a short radial distance to efficiently separate the photo-generated carriers. As a 
result, solar conversion efficiency could be improved, or does not significantly suffer if lower quality (and less expensive) semiconductor materials are 
used. Unconventional semiconductors of earth abundant elements with less ideal semiconductor characteristics prepared through inexpensive synthesis 
might then become feasible for solar applications. We have developed rational synthetic methods to 1D nanowire materials of hematite (Ŭ-Fe2O3) and 
several other earth abundant semiconductor materials, such as pyrite (FeS2) and cuprous oxide (Cu2O). Many of them were grown from aqueous 
solutions via inexpensive and highly scalable screw dislocation-driven nanowire growth. 3D hierarchical nanocomposites or branching nanostructures 
are further prepared to overcome the conflicting requirements by light harvesting and carrier collection. The photovoltaic and photoelectrochemical 
investigations of these materials and their potentials as high performance photoelectrodes for solar energy conversion will be discussed. 

INOR 21 

Semiconductor nanowires for solar energy conversion 

Peidong Yang, p_yang@berkeley.edu.University of California, Berkeley, Berkeley, United States 

Semiconductor nanowires represent an important class of nanostructure building block for photovoltaics as well as direct solar-to-fuel application 
because of their high surface area, tunable bandgap, light trapping capabilities and efficient charge transport and collection. The generation of fuels by 
the direct conversion of solar energy in a fully integrated system is an attractive goal, but no such system has been demonstrated that shows the 
required efficiency, is sufficiently durable, or can be manufactured at reasonable cost. It requires major research advancement in the area of 
semiconductor light absorber and catalyst discovery. One of the most critical issues in solar water splitting is the development of a suitable photoanode 
with high efficiency and long-term durability in an aqueous and photo-oxidative environment. Nanowires can be readily designed and synthesized to 
deterministically incorporate heterojunctions with improved light absorption, charge separation and vectorial charge transport. High surface-area 
nanowire arrays can serve as photocathodes and photoanodes within an artificial photosynthetic system. Meanwhile, it is also possible to selectively 
decorate different oxidation or reduction catalysts onto specific segments of the nanowires to mimic the compartmentalized reactions in natural 
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photosynthesis. The bottom-up synthetic approach for the semiconductor nanowires also enables several important principles of sustainability in 
materials and technology development, namely, using earth-abundant elements and using less energy intensive processes. In this talk, I will highlight 
several recent examples in this lab using semiconductor nanowires and their heterostructures for the purpose of solar-to-electricity and solar-to-chemical 
energy conversion. 

INOR 22 

Modeling of light trapping effects in nanowire photovoltaic cells 

Michelle L Povinelli, povinell@usc.edu, Chenxi Lin, Ningfeng Huang.Ming Hsieh Department of Electrical Engineering, University of Southern 
California, Los Angeles, CA 90089, United States 

We use electromagnetic simulations to study the effects of nanoscale patterning on light absorption in thin films for photovoltaic applications. We focus 
on vertically oriented semiconductor nanowire arrays and identify design rules for increasing broadband absorption across the solar spectrum. We 
quantify absorption by calculating the ultimate efficiency, an upper bound on efficiency that assumes perfect carrier collection. 

For crystalline silicon nanowires, we have shown that optimized periodic arrays have higher ultimate efficiency than unpatterned films, though they 
contain less absorptive material. Further, we have used optimal design strategies to demonstrate aperiodic structures with >100% absorption increase 
relative to their periodic counterparts. 

We have further studied broadband absorption in nanowire arrays made of Ge, InP, GaAs, CdTe, and GaInP, all common photovoltaic materials. We 
have verified that optimized arrays are more absorptive than thin films over a wide range of heights. Our results provide a roadmap for nanowire array 
efficiencies. 

INOR 23 

Adventures and opportunities in crystal growth of intermetallics: The search for novel correlated systems 

Julia Y Chan, jchan@lsu.edu, William A. Phelan, Michael J. Kangas, Gregory T. McCandless.Department of Chemistry, Louisiana State University, 
Baton Rouge, LA 70803-1804, United States 

The search for materials with desired magnetic and electrical properties concomitantly relies on the discovery of new systems. To unequivocally 
determine the compounds' innate properties, large single crystals must be grown and characterized. In this talk, several Ln-M-X (Ln = lanthanide, M = 
transition metals, X = metalloids) intermetallics with a fine balance of competing states and compounds with magnetic fluctuations leading to novel 
magnetism will be presented. The challenges of phase stability, single crystal growth, structure determination, and physics of these materials will be 
discussed. 

INOR 24 

Multifunctional materials: Synthesis, structure and properties relationships 
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States  (3) EMAT, University of Antverp, Antwerp, Groenenborgerlaan B-2020, Belgium  (4) Institute for Solid State Research, Max Planck Institute, 
Stuttgart, Germany  (5) Department of Physics, University of California, Davis, California 95616, United States  (6) Department of Materials Science and 
Engineering, University of Tennessee, Knoxville, Tennessee 37996, United States  (7) National Center for Basic Sciences, S. N. Bose Insitute, Kolkata, 
Salt Lake 700 098, India  (8) Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 60439, United States  (9) Department of 
Chemistry, Michigan State University, East Lansing, Michigan 46624, United States 

Combined experimental and DFT theoretical results on low-dimensional new Ni
+
/Ni

2+
 (d

9
/d

8
) homologous series, Lnn+1NinO2n+2 with n =2 and 3 layered 

oxides with Ruddlesden-Popper (RP)-related structures and isostructural and isoelectronic with the high temperature superconducting cuprates are 
presented. Temperature variation of magnetization, transport, specific heat and 

139
La NMR data in La4Ni3O8 evidence the presence of a transition near 

~105 K. DFT calculations suggest similarity of the band structure with that of the cuprate superconductors and relate the transition at 105 K to a spin 
density wave nesting instability of the Fermi surface. Another RP phase, PbMn3Mn4O12 prepared at high pressure and high temperature, undergoes a 
structural phase transition at ~380 K from the room temperature rhombohedral to a high temperature cubic phase. Temperature dependence of 
magnetic susceptibility, electronic transport and dielectric constant show a transition at ~68 K, which suggest coupling of a ferroelectric-like and 
magnetic behavior that is potentially multiferroic 

INOR 25 

Inorganic phosphors for solid state white lighting: Understanding and development 

Ram Seshadri, seshadri@mrl.ucsb.edu.Materials, University of California Santa Barbara, United States 

The conversion of the near-UV to blue radiation from (In,Ga)N solid state devices to efficient and accurate white lighting is an important challenge 
requiring unusual down-conversion phosphors with high quantum yields, robust thermal behavior, and high chemical stability. In developing an 
understanding of materials that are already in use, including Ce

3+
-substituted garnet Y3Al5O12, guidelines for the generation of new, yet-more-effcient 

materials can be developed. This presentation will emphasize the use of cutting-edge tools, including multinuclear solid state NMR, and neutron and 
synchrotron x-ray total scattering, applied to understand why the garnets are so effective. New preparative strategies, and new materials will also be 
presented and discussed. 

INOR 26 

Synthesis and characterization of Mg2Si/ Si nanocomposites for thermoelectric enhancement 

Susan M. Kauzlarich
1
, smkauzlarich@ucdavis.edu, Tanghong Yi

1
, Sabah Bux

2
, Natalio Mingo

3
, Zhixi Bian

3
, Ali Shakouri

3
, Jean-Pierre Fleurial

2
.  (1) 

Department of Chemistry, University of California, Davis, CA 95616, United States  (2) California Institute of Technology, Jet Propulsion Laboratory, 
Pasadena, CA 91109, United States  (3) Department of Electrical Engineering, University of California, Santa Cruz, CA 95064, United States 

Transportation is a major energy consumer in US with three quarters of the energy for transportation being wasted as heat and released to the 
environment. Thermoelectric devices directly convert heat into electricity and can provide additional power for automotive functions. Earth abundant, 
light-weight elements, and materials with a high stability above the working temperature range of the exhaust manifold of automobile engines are the 
materials requirements for this idea to become reality. Mg2Si is one candidate material that meets these requirements. Pristine Mg2Si is an n-type 
semiconductor and the electrical resistivity can be tuned by changing the carrier concentration with dopants such as Bi. Theoretical calculations show 
that for a 3.4% volume fraction concentration of Si nanoparticles in Mg2Si, a minimum thermal conductivity can be achieved when the nanoparticle size 
is approximately 8 nm. The synthesis and transport properties of a series of Mg2Si/Si nanocomposites will be presented. 

INOR 27 

Dimensional reduction: A design tool for new radiation detection materials 

Mercouri G Kanatzidis, m-kanatzidis@northwestern.edu.Department of Chemistry, Northwestern University, Evanston, Illinois 60208, United States 
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The availability of highly efficient hard radiation detection materials will impact biomedical diagnostics, nuclear safety and homeland security 
applications. Semiconductor materials promise excellent energy-resolution for X-ray and ɔ-ray detection; however, few are being considered because of 
strict demands on physical and crystal properties. These include the challenging combination of high mass density (e.g. > 6 g/cm

3
) and high atomic 

number (Z) with a wide energy band gap ( > 1.5 eV). Here we apply a materials design tool called ñdimensional reductionò which creates new candidate 
semiconductors for hard radiation detection. We then utilize theoretical electronic band structure calculations as a guide to aid in the selection of new 
materials among the variety of possibilities indicated by dimensional reduction. As proof of the concept, we discuss two examples of ternary Hg-
chalcogenide based crystals and one Cd/Te-based crystal that show high ɛĀŰ products and great promise as superior new detector materials.  

 
 

INOR 28 

Mechanically driven condensation reactions for solid-state synthesis 

Richard Blair, rblair@mail.ucf.edu.Department of Chemistry, University of Central Florida, Orlando, FLL 32816, United States 

Typical synthetic approaches for the production of oxides involve extensive heating and grinding. We have found that the formation of pyrochlores such 
as Na2Ta2O6 , perovskites such as CaTa2O6 and spinels such as ZnAl2O4 can be realized by vigorously grinding hydroxide and oxide mixtures. The 
formation of the desired material is enthalpically driven, but condensation only occurs upon the application of mechanical force. This has allowed us to 
thoroughly study the reaction kinetics using techniques similar to quenching high-temperature reactions. We have found that the synthesis of the 
pyrochlore Ca2Ta2O7 from Ca(OH)2 and Ta2O5 goes though a crystalline intermediate perovskite phase- Ca4Ta2O9. Syntheses can take as little as one 
hour to go to completion. This new route will facilitate the preparation of isomorphously substituted oxides for a wide array is uses such as catalysis and 
lighting. 

INOR 29 

Topochemical manipulation of layered perovskites ï building layers within layers 

M. Dariush Montassersadi, K. G. Sanjaya Ranmohotti, Elisha Josepha, Jonglak Choi, John B. Wiley, jwiley@uno.edu.Department of Chemistry and 
Advanced Materials Research Institute, University of New Orleans, New Orleans, LA 70148, United States 

Our group is working to develop a series of topochemical reaction strategies that allow for the construction of metal-nonmetal arrays within layered 
perovskites. A two-step reductive/oxidative intercalation method, for example, can produce alkali-metal halide layers in Dion-Jacobson-type perovskites, 
(A2X)A'n-1BnO3n+1 (A = alkali-metal, A' = alkaline-earth or rare-earth, B = d

0
 transition metal, X = Cl, Br, (I), and n = 2, 3). Extension of this approach to 

chalcogenides, such as sulfur and selenium, is also possible. Details on the various topochemical methods will be presented and the general utility of 
their use discussed. 

INOR 30 

Mechanism of assembly of the dimanganese-tyrosyl radical cofactor of class Ib ribonucleotide reductases 

JoAnne Stubbe, stubbe@mit.edu.Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

Ribonucleotide reductases (RNRs) catalyze the conversion of nucleotides to deoxynucleotides in all organisms. The b2 subunit (NrdF) of the E. coli and 
B. subtilis class Ib RNRs contain a dimanganese (III)-tyrosyl radical (YÅ) cofactor essential for activity. Our studies have demonstrated that NrdI, a 
flavodoxin with flavin oxidase-like activity, is required for cluster biosynthesis in both cases. The results of stopped flow Vis spectroscopy and rapid 
freeze quench (RFQ) EPR experiments mixing NrdIÅNrdF (Mn

II
2)with O2 will be presented for the B. subtilis NrdF. These studies and a recent structure of 

the B. subtilis Mn
II

2NrdF, suggest the nature of the oxidant and intermediates involved in tyrosine oxidation. A mechanistic model will be presented. The 
importance in vivo of controlling metal delivery (iron vs manganese) and avoiding protein mismetallation will be discussed. 

INOR 31 

Ongoing mechanistic enigma of a two-copper enzyme family: Peptidylglycine alpha-monooxygenase, dopamine beta-monooxygenase, and 
tyramine beta-monooxygenase 

Judith P Klinman, klinman@berkeley.edu.Department of Chemistry and Department of Molecular and Cell Biology, California Institute for Quantitative 
Biosciences, University of California, Berkeley, CA 94720-3220, United States 

The above-mentioned enzymes accomplish the hydroxylation of their respective substrates at an active site that is fully solvent exposed and entails a ca. 
10 Å electron transfer across the solvent that separates the two copper centers. The combined reactions, of oxygen/substrate activation and long-range 
electron transfer, occur in a fully coupled manner, meaning that molecular oxygen uptake and hydroxylated product formation occur in a 1:1 manner 
under all experimental conditions tested thus far. Collaborative experimental and computational approaches, to address the manner is which such tight 
control can be exerted over a reaction outcome in a seemingly uncontrolled environment, will be discussed. 
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INOR 32 

EPR Investigations of radical SAM enzyme reaction mechanisms 

R. David Britt
1
, rdbritt@ucdavis.edu, William Myers

1
, Jon Kuchenreuther

1
, Troy Stich

1
, Esther Kim

1
, Simon George

1
, Joseph Jarrett

2
, Stefan Stoll

3
.  (1) 

Department of Chemistry, University of California, Davis, Davis, CA 95616, United States  (2) Department of Chemistry, University of Hawaii, Honolulu, 
HI 96822, United States  (3) Department of Chemistry, University of Washington, Seattle, WA 98195, United States 

We are using multifrequency pulse EPR spectroscopy to study the diverse reaction mechanisms of several classes of radical SAM enzymes, which use 
a [4Fe-4S] center with bound S-adenosylmethionine (SAM) to generate a strongly oxidizing 5'-deoxyadenosyl radical to drive a large number of difficult 
biochemical reactions. Biotin synthase catalyzes the last step in the biosynthesis of biotin, the oxidative addition of sulfur to dethiobiotin (DTB) to form 
the biotin thiophane ring. We are targeting a paramagnetic Fe(II)-Fe(III) intermediate form of the [2Fe-2S] cluster that we propose to have a covalent 
attachment to the MDTB intermediate. HydG is a member of a set of maturase enzymes that are used to build the catalystic H-cluster of [FeFe] 
hydrogenase. We are using advanced EPR to probe its role in the cluster assembly. Other radical SAM enzymes may be discussed as well. 

INOR 33 

Electron transfer steps at carboxylate-bridged diiron centers 

Stephen J Lippard, lippard@mit.edu.Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, United States 

The oxidation of methane to methanol, and of aromatic hydrocarbons to phenols and related products, occurs under mild conditions at carboxylate-
bridged diiron centers housed in bacterial multicomponent monooxygenases such as soluble methane monooxygenase (MMOH) and toluene/o-xylene 
monooxygenase (ToMOH). We are interested to understand the carefully orchestrated delivery of the four substrates of these enzymes systems, 
namely, the hydrocarbon, dioxygen, protons, and electrons, to the active site diiron centers. This process must occur in such a manner that reduction of 
catalytic intermediates involved in the dioxygen activation and utilization steps not be quenched by electrons from the reductase before reacting with the 
hydrocarbon substrates. Experiments designed to probe this chemistry both with the enzyme systems and with synthetic analogues of the MMOH and 
ToMOH active sites will be described. This work has been generously supported by the National Institute of General Medical Sciences. 

INOR 34 

Radical mechanisms of metal cofactor biogenesis: The H-cluster of [FeFe]-hydrogenase 

Joan B Broderick
1
, jbroderick@chemistry.montana.edu, Eric M. Shepard

1
, Benjamin R. Duffus

1
, Shourjo Ghose

1
, Nicholas Boswell

1
, Aubrey Scott

2
, 

Simon J. George
2
, Stephen P. Cramer

2
, John W. Peters

1
.  (1) Department of Chemistry & Biochemistry, Montana State University, Bozeman, MT 59717, 

United States  (2) Department of Chemistry, University of California, Davis, CA 95616, United States 

The organometallic H-cluster at the active site of [FeFe]-hydrogenase consists of a 2Fe subcluster coordinated by cyanide, carbon monoxide, and a 
nonprotein dithiolate bridged to a [4Fe-4S] cluster via a cysteinate ligand. Biosynthesis of this cluster requires three accessory proteins, two of which 
(HydE and HydG) are radical S-adenosylmethionine (radical SAM) enzymes. The third, HydF, is a GTPase that binds iron-sulfur clusters. HydG has 
been shown to synthesize the CO and CN

-
 ligands from tyrosine using radical SAM chemistry, while HydE presumably synthesizes the dithiolate ligand. 

EPR and FTIR spectroscopy support a hypothesis in which HydE and HydG either synthesize these ligands on HydF, or deliver them directly to HydF, 
ultimately resulting in the conversion of a standard [2Fe-2S] cluster on HydF to a CO and CN

-
 -ligated unit. Evidence points to this latter unit being 

transferred to the hydrogenase structural protein containing a pre-formed [4Fe-4S] cluster to effect activation. 

INOR 35 

Structural biology of Fe(IV)=O and radicals in heme enzymes 

Thomas L. Poulos, poulos@uci.edu.Molec. Biol. Biochem., UCI, Irvine, CA 92697-3900, United States 

In many heme enzymes the activation of O2 or peroxide requires that the enzyme donate two electrons to the O2/peroxide substrate thus generating two 
high redox potential sites in the enzyme active site. Usually one site is the iron which is oxidized from Fe(III) to Fe(IV) and the other is a porphyrin or 
amino acid radical. Recent advances in robotically controlled composite data collection at synchrotrons coupled with single crystal spectroscopy has 
helped to resolve a long standing discrepancy between crystallography and various spectral methods on the nature of the Fe(IV)O, ferryl, intermediate. 
A combination of mutagenesis, computational biology, spectroscopy, and crystallography also has helped to understand how certain amino acid 
centered radicals are stabilized. 

INOR 36 

Thermoelectric properties of Yb-doped Mg2Si 

Oliver Janka
1
, ocjanka@ucdavis.edu, Sabah K. Bux

2
, Susan M. Kauzlarich

1
.  (1) Department of Chemistry, University of California, Davis, Davis, CA 

95616, United States  (2) Thermal Energy Conversion Technologies Group, Jet Propulsion Laboratory, Pasadena, CA 91009, United States 

Mg2Si exhibits a lot of favorable advantages, which could make it a good thermoelectric material, for example the abundance of the elements, its non-
toxicity and environmental friendliness. However, undoped Mg2Si has a high intrinsic thermal conductivity, which is unfavorable for thermoelectric 
applications. A reduction of the thermal conductivity can be achieved in different ways, such as by nano-inclusions or by doping with heavy elements, as 
presented in this work. Yb

2+
 is a promising elemental replacement for Mg because of the divalent state and the ionic radius. Doping of Mg2Si was 

explored using elemental Yb and using the hydride YbH2, along with the starting materials, MgH2 and Si. Depending on the doping source, silicides of Yb 
are formed, which are embedded in the Mg2Si matrix. The effect of the different inclusions has been investigated with different Yb concentrations as well 
as co-doping with Bi to adjust carrier concentrations. 

INOR 37 

Rapid solid state microwave synthesis of intermetallic thermoelectrics adopting the half heusler crystal structure 

Christina S Birkel
1,2

, cbirkel@mrl.ucsb.edu, Bethany Lettiere
1
, Ram Seshadri

1
, Galen D Stucky

2
.  (1) Materials Research Laboratory, University of 

California, Santa Barbara, Santa Barbara, CA 93106, United States  (2) Department of Chemistry and Biochemistry, University of California, Santa 
Barbara, Santa Barbara, CA 93106, United States 

Thermoelectric materials which directly convert between thermal and electrical energy can address some of today's energy concerns through cutting 
carbon dioxide emissions and recovering waste heat. 

We are exploring intermetallic compounds with the half heusler crystal structure which are known to exhibit superior thermoelectric properties. These 18 
electron systems not only show interesting physical properties but also offer a wide variety in their elemental composition. Moreover, many of them 
contain abundant and "green" elements as opposed to lead or bismuth telluride which are typically used in thermoelectric devices. 

NiTiSn and CoTiSb are among the most widely investigated half heusler thermoelectric materials and most research efforts focus mainly on reducing 
their rather high thermal conductivity through doping with heavier elements or nanostructuring. We are using a rapid microwave synthesis, which is 
energy efficient and reduces the reaction time to minutes, to access materials based on those two parent compounds. 

INOR 38 

ZnSb as a thermoelectric material 
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Lasse Bjerg
1,2

, bjerg@mit.edu, Georg K. H. Madsen
3
, Jeffrey C. Grossman

2
, Bo B. Iversen

1
.  (1) iNANO & Department of Chemistry, Aarhus University, 

Aarhus C, Denmark  (2) Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, 
United States  (3) ICAMS, Ruhr-Universität Bochum, Bochum, Germany 

Thermoelectric materials are capable of interconverting heat and electricity. It is desirable to have high conversion efficiency as well as a reasonably 
priced material. This makes semiconducting zinc antimonides interesting. The electronic structure and thermal properties of ZnSb have been 
investigated by DFT methods. The compound is predicted to have desirable electronic properties when it is n-type. However, thermodynamic defect 
calculations show that the compound is likely to be p-type only. Since thermoelectric materials should have a low thermal conductivity, the thermal 
properties of ZnSb have been investigated. 

INOR 39 

Mn
2+

-doped nanocrystals exhibiting temperature dependent dual emission 

Emily J. McLaurin, mclaurin@uw.edu, Vladimir A. Vlaskin, Majed S. Fataftah, Daniel R. Gamelin.Department of Chemistry, University of Washington, 
Seattle, WA 98195, United States 

The synthesis and spectroscopy of semiconductor nanocrystals exhibiting intrinsic, temperature sensitive dual emission is described. Dual emission is 
observed in these colloidal manganese-doped nanocrystals due to fast population exchange between the Mn

2+
 (

4
T1) state and excitonic excited states, 

within the same nanocrystal. The resulting photoluminescence is strongly temperature dependent and the range of temperature sensitivity can be tuned 
by changing the energy gap between the Mn

2+
 (

4
T1) state and excitonic excited states during growth. The ratio of the two intensities is independent of 

nonradiative effects. These nanocrystals are suitable for diverse optical thermometric or thermographic applications in biotechnology or other areas. 

INOR 40 

Synthesis and magnetism of kagome lattices: Toward quantum spin liqiuds 

Danna E Freedman, danna@Mit.edu, Daniel G Nocera.Department of Chemistry, MIT, Cambridge, MA 02139, United States 

Geometrically frustrated kagome lattices may possess exotic ground states generated by strongly correlated electrons. Kagome lattices are a fertile 
ground for probing the physics of this new systems and searching for theoretically predicted states such as quantum spin liquids. Recently we reported 
the synthesis of a new S = 1 kagome lattice, the structural analogue of the copper based mineral vesignieite. This new material demonstrates a spin 
glass transition with indications of magnetic frustration. Synthesis, detailed magnetic studies and new physical characterization will be presented. 

INOR 41 

Magnetic studies of europium chalcogenide nanostructures 

William L Boncher, wlb6@georgetown.edu, Sarah L Stoll.Department of Chemistry, Georgetown University, Washington, DC 20057, United States 

Europium oxide and europium sulfide nanowires have been synthesized via hydrothermal and solid-state routes with tunable morphologies. Changes in 
magnetic properties have been studied by manipulating particle size and aspect ratio, as well as by probing their band structures with electron doping, 
via gadolinium incorporation. Effects resulting from single-crystalline and polycrystalline composition are examined. 

INOR 42 

Quantitative predictions and understandings of metal hydroxo clusters: Spectral analyses, synthetic selectivities, and stabilities 

I-Ya Chang, iyachang@gmail.com, Wei Wang, Douglas A Keszler, Paul Ha-Yeon Cheong.Department of Chemistry, Oregon State University, Corvallis, 
Oregon 97331, United States 

Metal complexes are prominent in materials and semi-conductor industries. In this study, computations are used to advance materials research by 
applying computational techniques to discover, explain, and quantify factors that control the spectra, selectivities and reactivities of metal clusters. A new 
graphical way to analyze and identify signature IR peaks of chemical species is reported. The developed protocol deconvolutes experimental FTIR 
spectra into constituent vibrational normal modes. The speciation and equilibria of Al clusters have been computed, and we have discovered that the pH 
of the local solution environment is crucial in controlling the selective syntheses of Al tridecamers. Finally, we have designed a group additivity method to 
predict the stability of any arbitrary metal hydroxo cluster by recognizing that all metal hydroxo clusters are composed of the same subunits: ɛ4-O, ɛ3-
OH, ɛ2-OHcore/in-subunit, ɛ2-OHlinking and H2O. 

INOR 43 

Highly-ordered organic/TiS2 molecular junction hybrids 

Joshua Goldberger, goldberger@chemistry.ohio-state.edu.Department of Chemistry, The Ohio State University, Columbus, OH 43210, United States 

Hybrid materials that consist of inorganic/small molecule junctions have shown great promise as inexpensive, solution-processible active matrices in a 
variety of energy conversion technologies, such as thermoelectrics, and photovoltaics, although the heterogeneity in bonding arrangements and 
variability of the nanostructure limits our ability to predictably and reproducibly achieve desired properties. To this end, we have successfully synthesized 
hybrids comprised from single monolayers or bilayers of organic alkyl amines bound to a semimetallic TiS2 framework, via solvothermal techniques. 
Hybrids that have either a dimensionally reduced 1D crystal structure of edge-sharing titanium-sulfide octahedra, or sheet-like crystalline morphologies 
were formed depending on the organic ligand and synthetic conditions. In contrast to TiS2-amine hybrids synthesized via an intercalation route, these 
materials feature direct Ti-N bonding with the organic ligand. These highly-ordered hybrids represent an excellent platform for the characterization and 
optimization of the electrical, and thermoelectric properties of molecular junction materials. 

INOR 44 

Investigating the chemistry of nitrogen doped multiwalled carbon nanotubes (N-MWCNTs) 

Aman Preet Kaur, chemdhillon@gmail.com, Mark S Meier.Department of Chemistry, University of Kentucky, Lexington, Kentucky 40506, United States 

Considerable changes in mechanical, electrical and chemical properties can be envisaged with nitrogen doped multi walled carbon nanotubes (N-
MWCNTs). N-MWCNTs have a 'stacked cup' structure. As a result their surface is a set of graphene edges, and this lead us to investigate their 
reactivity. We observed that both reduction (dissolving metal reduction/ alkylation) and oxidation (H2SO4/HNO3 and H2SO4/KMnO4 mixtures) of N-
MWCNTs lead to interesting spiral structures. Various techniques including TGA, SEM, TEM, XRD and surface area were used to analyze these new 
structural changes. We have also developed methods to demonstrate that specific chemistry has occurred on these new structures. To this end, we 
introduced metal-binding ligands which could be used as probes in imaging and spectroscopic techniques including TEM, STEM, EDX and EELS. Also, 
a proposal for the underlying structure of N-MWCNTs responsible for the formation of these spirals will be presented. 

INOR 45 

Influence of oxidative chemistry on the surface and structure of carbon nano-onions 

Mahendra K Sreeramoju, mksree2@uky.edu, Selegue P John.Department of chemistry, University of Kentucky, Lexington, Kentucky 40506, United 
States 

Carbon nano-onions (CNOs), discovered by Ugarte in 1992, are multi-layered fullerenes that are spherical analogs of multi-walled carbon nanotubes 
with diameters varying from 6 nm to 30 nm. CNOs synthesized by graphitization of nanodiamonds (N-CNOs) with sizes between 6 to 10 nm and CNOs 
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synthesized by arc discharge of graphite rods in water (A-CNOs) with sizes between 20 to 30 nm are subject of our interest. As the solubility is the 
challenging aspect for these materials, different oxidative approaches were being carried out to functionalize the surface of CNOs. Specifically, oxidation 
with conc.HNO3 in presence of oleum (fuming H2SO4, 20% SO3) and oxidation with KMnO4 in presence of conc.H2SO4 were carried out and found 
interesting acidic functional group distribution on the surface and structural modifications respectively. The resultant materials were being characterized 
using Thermogravimetric analysis, transmission electron microscopy, titrimetry, powder XRD, Raman spectroscopy, FT-IR, pyrolysis mass spectrometry 
and conductivity measurements. 

INOR 46 

Ionic sol-based azobenzene hybrid materials 

Carole E. Brown, cebrown@northgeorgia.edu.Chemistry, North Georgia College & State University, Dahlonega, GA 30597, United States 

Organic azobenzene dyes such as Methyl Red, Sodium Salt (MR) and Brillant Yellow (BY) have unique photorefractive properties that make them ideal 
for use in 3-dimensional data storage. When these dyes are co-condensed via the sol-gel method with an inorganic matrix using a silicon spacer such as 
(3-aminopropyl) triethoxysilane (APTES), the ionic bond formed allows for efficient electron transfer. Using thin films, we are able to characterize our 
final products through vibrational, electronic, and nuclear techniques. 

INOR 47 

Hydrazine processed Ge-substituted CZTS solar cells 

Santanu Bag, sbag@us.ibm.com, Oki Gunawan, Tayfun Gokmen, Yu Zhu, David B. Mitzi.Photovoltaic Science and Technology Division, IBM T. J. 
Watson Research Centre, Yorktown Heights, NY 10598, United States 

Thin-film copper-zinc-tin-sulfur/selenium based Cu2ZnSn(SxSe1-x)4 (CZTSSe) absorber materials are potential candidates for unlimited growth of 
chalcogenide photovoltaic production beyond 100GWp/year. Due to their reduced content of heavy metals, low cost and readily available constituents, 
these materials are viewed as the alternatives to the two leading thin-film chalcogenide technologiesðCdTe and Cu(In,Ga)(S,Se)2. Recently, CZTSSe 
solar cells with ~10% power conversion efficiency have been developed in our laboratory by a hydrazine-based hybrid solution-particle approach. 
Though the [S]:[Se] ratio in CZTSSe can be used to control the band gap in this materials to optimize device performance, in practice controlling the 
[S]:[Se] ratio is not convenient because of the high volatility of these elements. Band gap control can alternatively be achieved by replacing the larger Sn 
atom with a smaller Ge atomði.e., Cu2Zn(Sn1-yGey)Se4 (CZTGSe). Here we will present recent results on hydrazine-processed Ge-substituted CZTS 
solar cells, demonstrating power conversion efficiencies of >8%. 

INOR 48 

Synthesis, purification, and characterization of phosphine oxides and their hydrogen peroxide adducts 

Casie R. Hilliard, Janet Bluemel, bluemel@tamu.edu.Department of Chemistry, Texas A&M University, College Station, TX 77842-3012, United States 

Phosphine oxides receive less attention than phosphines mainly because of their appearance as byproducts (Wittig, Staudinger) or impurities. Our 
interest in different phosphine oxides is based on their potential to probe oxide surfaces. The focus of this presentation is threefold: (i) Quick and 
selective methods for the oxidation of phosphines and (ii) analytical differences between phosphine oxides and their H2O2 and H2O adducts are 
explored. (iii) Methods for the safe and efficient purification of phosphine oxides are communicated. After H2O2 oxidation of phosphines, solid-state and 
solution 

31
P NMR, and IR spectroscopy reveal distinct features of the phosphine oxides and their H2O2 adducts. Furthermore, the X-ray structures of 

Bu3P=O and [Cy3P=OĀ(H2O2)]2 show different characteristics, with the adduct displaying an unprecedented cyclic structure incorporating six oxygen 
atoms (Dalton Trans., in press). A method for the quantitative decomposition of bound H2O2, and simultaneous removal of adsorbed H2O within 1h is 
presented. 

INOR 49 

Phosphorus as a carbon copy and as a photocopy for conjugated materials chemistry 

Marlena P. Washington, Vittal B. Gudimetla, Shanshan Wu, Feng L. Laughlin, John D Protasiewicz, protasiewicz@case.edu.Department of Chemistry, 
Case Western Reserve University, Cleveland, Ohio 44106, United States 

Phosphaalkenes (R2C=PR') and diphosphenes (RP=PR) represent main group analogs of alkenes (R2C=CR'2). Mols. featuring these phosphorus 
contg. subunits often show structural and chem. behavior that mimic their purely org. counterparts, justifying the claim that these low coordinate 
phosphorus compds. are "a carbon copy". We have been working to extend this analogy to polymers and materials having extended conjugation that 
directly involve P=C and P=P units. Preliminary materials, however, do not show significant photoluminescence (PL). In this presentation we will 
summarize past work and report on materials having significant PL and that can be said to be mimic or "photocopy" the PL properties of the phosphorus-
free systems. Specifically, new materials based on benzoxaphospholes and benzobisoxaphospholes having high fluorescence quantum yields will be 
discussed.  

 

 
 

INOR 50 

Halogen fluorides and oxofluorides 

K. Sahan Thanthiriwatte
1
, Monica Vasiliu

1
, David A Dixon

1
, Karl O Christe

2
, kchriste@usc.edu.  (1) Department of Chemistry, The University of 

Alabama, Tuscaloosa, Alabama 35487, United States  (2) Loker Research Institute and Department of Chemistry, University of Southern California, Los 
Angeles, California 90089-1661, United States 
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Halogen fluorides and oxofluorides offer a unique opportunity for the study of the structure and bonding of hypervalent compounds. The halogen central 
atoms have oxidation states ranging from one to seven and coordination numbers ranging from one to eight, and many of them possess free valence 
electron pairs. Furthermore, the halogen fluorides and oxofluorides are amphoteric and readily react with strong Lewis acids or bases to form cations 
and anions, respectively. During the past fifty years, we have systematically synthesized and characterized all possible members of these interesting 
families of compounds. To complement the experimental data, we have now carried out a high-level theoretical study using a composite electronic 
structure approach based on CCSD(T) calculations extrapolated to the complete basis set limit. The calculated data are in excellent agreement with 
experiment and provide a better understanding of this fascinating group of compounds. 

INOR 51 

Green energetic materials: Binary group 15 polyazides 

Ralf Haiges
1
, haiges@usc.edu, Karl O. Christe

1
, Martin Rahm

1
, David A. Dixon

2
.  (1) Loker Hydrocarbon Research Institute and Department of 

Chemistry, University of Southern California, Los Angeles, California 90089, United States  (2) Department of Chemistry, University of Alabama, 
Tuscaloosa, Alabama 35487, United States 

Polyazides are highly endothermic compounds that have great potential as energetic materials. For example, lead diazide is widely used as primary 
explosive. The low toxicity and environmentally benign character of bismuth renders it an ideal replacement for lead in this application. As a 
consequence, we have systematically studied the synthesis and characterization of binary bismuth and related group 15 polyazides. 

The binary group 15 polyazides, As(N3)3, Sb(N3)3 and Bi(N3)3 were prepared and stabilized by either anion or donor-acceptor adduct formation. Crystal 
structures are reported for [Bi(N3)4]

-
, [Bi(N3)5]

2-
, [bipyBi(N3)5]

2-
, [Bi(N3)6]

3-
, bipyAs(N3)3, bipySb(N3)3 and [(bipy)2Bi(N3)3]2. An interesting feature of these 

pnicogen(+III) compounds is the presence of a free valence electron pair on the central atom. The [Bi(N3)5]
2-
 anion possesses a sterically active, free, Bi 

valence electron pair and a monomeric, pseudo-octahedral structure with CN 6, while its bipyridyl adduct has a pseudo-monocapped trigonal prismatic 
structure with CN 7 and a sterically inactive free valence electron pair. Attempts to grow single crystals of polymeric, free Bi(N3)3 were unsuccessful. 
However, the crystal structure of its bis-bipyridyl adduct, [(bipy)2Bi(N3)3]2, was successfully determined. It is dimeric and made up from two square BiN8 
antiprisms, with Bi having CN 8 and a sterically inactive, free valence electron pair, and sharing an edge consisting of two µ

1,1
-bridging N3 ligands.  

The novel bipyAs(N3)3 and bipySb(N3)3 adducts were also prepared and structurally characterized. They are monomeric, isostructural and contain a 
sterically active, free valence electron pair on their central atom and a coordination number of 6. 

INOR 52 

On the free pair activation of valence electrons 
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Chemical environment, e.g. solid-state vs. gas-phase, can be of principal importance for intramolecular geometries of heavy main-group complexes. A 
postulated Free Pair Activation (FPA) effect has been investigated by high-level quantum mechanical methods and X-ray spectroscopic studies. The 
possibility of tuning the steric activity of free valence electron pairs through modulation of chemical environment will be discussed. Suitable theoretical 
methodologies for capturing such effects will be addressed. 

INOR 53 

Synthesis and characterization of azido phosphanes and phosphonitrilic azides and their reaction chemistry 

William W Wilson, wwwilson@usc.edu, Andrew Clough, Ralf Haiges, Karl O Christe.Loker Research Institute, Dept of Chemistry, University of 
Southern California, Los Angeles, California 90089, United States 

Diphenylaminophosphorous diazide was synthesised from the corresponding dihalides (X = F, Cl) with different reagents under varying conditions. The 
new compound and its decomposition products were characterized via vibrational as well as multinuclear NMR spectroscopy. Some of its physical 
properties and reactions are also reported. 

INOR 54 

Two-electron redox chemistry of a Te-Pt complex: Formation of a metallated hexavalent tellurium 

Tzu-Pin Lin, tplin@mail.chem.tamu.edu, François P. Gabbaï.Chemistry, Texas A&M University, College Station, TX 77843, United States 

The tridentate ligand (o-(Ph2P)C6H4)2Te has been synthesized and allowed to react with (Et2S)2PtCl2 to afford complex 2 . Reaction of 2 with PhICl2 
results in the formation of a novel Te(III)-Pt(III) complex (3 ). Remarkably, 3 reacts with KF in MeOH to afford the Te(V)-Pt(I) complex 4 as a result of an 
unusual internal redox reaction. To our knowledge, 4 is a rare example of a metallated hexavalent organotellurium complex. 

 

 
 

INOR 55 

Novel NHC-stabilized polyphosphorus cations from P4 functionalization 



11 

 

Jan J. Weigand
1
, jweigand@uni-muenster.de, Michael H. Holthausen

1
, Maximilian Donath

1
, Stephen Schulz

1
, Gernot Frenking

2
, Roland Froehlich

1
.  (1) 

Institute for Inorganic and Analytical Chemistry, Westfaelische Wilhelms Univerisity of Muenster, Muenster, NRW 48149, Germany  (2) Department for 
Inorganic Chemistry, Philipps University Marburg, Marburg, Germany 

White phosphorus is the most notable allotrope of elemental phosphorus in terms of reactivity and represents the entry point for the synthesis of 
organophosphorus compounds (OCPs). Substantial efforts have been devoted to the development of direct P4 functionalization to escape the 
traditional stages via the intermediacy of PCl3 and subsequent transformation reactions. In this respect we are developing general protocols for the 
formation of cationic phosphorus cages by consecutive insertion of phoshenium cations

[1]
 into P-P bonds of P4 to form monocationic cages of the type 

[R2P5]
+
, [RP5Cl]

+
 and [P5Cl2]

+
 (R = alky, aryl, NR2) as well as dicationic [R4P6]

2+
 and tricationic [R6P7]

3+
 species.

[2,3]
 Recently, we have been able to 

stepwise breakdown our cationic [RP5Cl]
+
 (R = Dipp) cages by the nucleophilic reaction with NHCs (N-heterocyclic carbenes) into ligand-stabilized 

cationic [P4]
2+

, [P3]
+
, and [P2]

+
 fragments which represent novel building blocks .

[4]
 The obtained compounds display new bonding situations which will 

be discussed in detail. 
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[3] Weigand, J. J.; Holthausen, M. H. J. Am. Chem. Soc. 2009 , 131, 14210. 

[4] Holthausen, M. H.; Richter, R.; Hepp, A.; Weigand, J. J. Chem. Commun. 2010 , 46, 6921. 

INOR 56 

Development of platinum(II) and -(IV) complexes with bisphosphanylstibine ligand 

Iou-Sheng Ke, ike@chem.tamu.edu, François P Gabbaï.Chemistry, Texas A&M University, College Station, TX 77843, United States 

Reaction of the new tridentate ligand (o-(Ph2P)C6H4)2SbPh (referred to as L) with (Et2S)2PtCl2 affords a complex LPtCl2 (1 ) that feature a unique C-Sb-
Pd-Cl. Formation of this complex, which results from the oxidative insertion of the antimony in a Pt-Cl bond has been confirmed by NMR and X-ray 
analysis. Remarkably, complex 1 can be oxidized with o-chloranil (o-O2C6Cl4) to afford a tetravalent platinum stiboranyl complex (2 ) which has also 
been fully characterized. One of the key features of this complex is the presence of a covalent Pt-Sb bond of 2.59 Å. Remarkably, a simple chloride for 
fluoride anion exchange induces a major structral change, with the platinum center reverting to the divalent state (3 ). This anion induced internal redox 
process, which is accompanied by dissociation of the Pt-Sb bond, is fully reversible. 

 

 
 

INOR 57 

Mild, metalïfree intermol: CïN bond formation in 3ïfuraldehydes, CïC bond cleavage during BODIPY synthesis, and facile ñone potò route to 
the novel "half BODIPY" benzazuleneïtype dye class 

Atul P. Singh, Dhiraj P. Murale, Kang Mun Lee, Kibong Kim, Taehong Jun, David G. Churchill, dchurchill@kaist.ac.kr.Chemistry, KAIST, Daejeon, 
Republic of Korea 

In recent BODIPY research in our laboratory, the synthesis of two novel highlyïsubstituted 3ïfuraldehydes were carried out via reaction of 3ï
furaldehyde and NBS in chloroform and N,Nïdimethylformamide. Importantly, NBS serves as a succinimide donor under mild metalïfree conditions 
whereas NCS does not. NBS also does not react in such a fashion with 3ïthiophenecarboxaldehyde. We present how solvent plays a crucial role in Cï
Br and CïN bond formation which includes DFT calculations that demonstrate a bromonium mediated transformation is energetically allowable. 
Experimentally, the use of other 3-furan derivatives did not give evidence of analogous C-N bond formation, underscoring the potential uniqueness of the 
3-furaldehyde moiety. BODIPY species were then prepared during which unusual meso CïC bond cleavage arose due to meso substituent-type sterics 
and oxidant. The existence of these compounds are supported by NMR spectral and crystallographic data. In related work, a novel fluorescent 
difluoroboroazaoxobenzazulene dye has been synthesized from commercially available substrates in ñone pot;ò it was characterized structurally and 
spectroscopically, derivatized and finally compared to a related BODIPY system that demonstrates ñturnïonò H+ (42ïfold) and Fï (~5ïfold) responses. 

INOR 58 

Synthesis and reactivity studies of novel Janus-type biscarbenes comprised of N-heterocyclic and carbodicarbenes 

Todd W Hudnall, th40@txstate.edu, Ryan M Mushinski, Brian M Squires.Chemistry and Biochemistry, Texas State University, San Marcos, Texas 
78666, United States 

Stable carbenes continue to receive considerable attention from researchers globally due to their widespread utility. This presentation will discuss our 
efforts toward the preparation of a novel class of Janus-type biscarbenes which are unique from their bis N-heterocyclic carbene (bisNHC) precursors as 
they are comprised of two electronically distinct stable carbene ñfacesò. Indeed, biscarbene 1 features an NHC face which is oriented 180 degrees from 
a bent allene or carbodicarbene (Figure 1). The bent allene is a stronger ů-donor when compared to the NHC; and therefore, preferential coordination of 
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a metal center should occur at the carbodicarbene face. We will also discuss our efforts to exploit the differing ů-donating abilities of each carbene face 
via the preparation of novel heterobimetallic complexes. 

 

 
 

INOR 59 

Apparently benign ethynylcarbamodithioate [Ar-CſC-S-C(S)NR2] as a masked carbene 

Gaël Ung, gael.ung@gmail.com, Guy Bertrand.Department of Chemistry, University of California, Riverside, Riverside, CA 92521, United States 

N-heterocyclic carbenes (NHCs) play a prominent role as ligands for transition metal catalysts. This is mainly due to their strong s-donor properties and 
robustness of the corresponding complexes. These two features result from the presence of the electropositive carbon center and the strength of the 
carbon-metal bond. Therefore other types of carbon-based L ligands are highly desirable. It will be shown that an apparently benign 
ethynylcarbamodithioate (Ar-CſC-S-C(S)NR2) can act as a carbene ligand equivalent towards various transition metals. Moreover, the use of this simple 
unsaturated compound for the activation of small molecules and the cleavage of enthalpically strong bonds will be discussed. 

INOR 60 

Monohydride fuctionalized group 14 
Zintl Ion and its transition metal derivatives: [HSn9]

3-
,[Ni@HSn9]

3-
, [Ni@Sn9M(CO)3]

4-
 (M= Cr, Mo) 

F. Sanem Kocak, sanemkocak@gmail.com, Domonique Downing, Peter Y. Zavalij, Andrei Vedernikov, Bryan W. Eichhorn.Department of Chemistry 
and Biochemistry, University of Maryland, College Park, MD 20742, United States 

Group 14 Zintl ions ([E9]
4-
, where E= Ge, Sn) have been known to form exo-functionalized 

derivatives [RE9]
3-
 (R= alkyl or post transition metal group). Isolated [HSn9]

3-
 cluster, analogous to the [HP7]

2-
 ion, is the first example of the hydride 

functionalized group 14 Zintl ions. Furthermore, the [HSn9]
3-
 ion reacts with [Ni(cod)2] to give the endohedral [Ni@HSn9]

3-
 ion. [K(2,2,2-crypt)]

+
 salts of 

both [HSn9]
3-
 and [Ni@HSn9]

3-
 ions have been characterized by single crystal X-ray diffraction,

 1
H and 

119
Sn NMR spectroscopy. Subsequently, the 

[Ni@HSn9]
3-
 ion reacts with [(arene)M(CO)3] complexes to form [Ni@Sn9M(CO)3]

4-
 ions (M= Cr, Mo). These novel ions were isolated as crystalline 

[K(2,2,2-crypt)]
+
 salts and have been characterized by single crystal X-ray diffraction,

 13
C NMR, and FT-IR spectroscopy. 

INOR 61 

Controlled synthesis of Pd and Pt nanocrystals for catalysis with improved activity and selectivity 

Yujie Xiong, yjxiong@ustc.edu.cn.Department of Chemistry, University of Science and Technology of China (USTC), Hefei, Anhui 230026, China 

Nanocrystals of palladium and platinum have been identified as excellent catalysts for various energy applications such as fuel cells. Mastery over the 
geometrical shape of a nanocrystal enables control of its properties and enhances its usefulness for catalytic applications. It is well-established that the 
activity and selectivity of a metallic nanocrystal in catalysis are sensitive to the crystallographic facets exposed on surface, which can be tailored while 
controlling their geometrical shapes. In this presentation, I will demonstrate the shape control of palladium and platinum nanocrystals in solution-phase 
synthesis. Specifically we have explored the role of a few factors in determining the growth of various crystallographic facets, including reaction kinetics, 
capping agents and ions. As such, we have been able to obtain palladium and platinum nanocrystals with controlled facets which exhibit tunable 
catalytic properties in energy applications. It is expected that the present work will enable us to manipulate the surface facets of metallic nanocrystals 
and open the door to new applications in catalysis. 

INOR 62 

Rational design and assembly of titania-based nano-photocatalysts for environmental and energy related applications 

Simona Hunyadi Murph, Simona.Murph@srnl.doe.gov, Katie Heroux, Henry Sessions, Robert Lascola.Savannah River National Laboratory, Aiken, SC 
29808, United States 

Titania is considered the most appropriate candidate for photocatalytic processes due to its powerful oxidation capability, superior charge transport, and 
corrosion resistance. Despite these attributes, the efficiency of TiO2 for photovoltaic and photocatalytic applications is severely limited by its large 
bandgap (~3.2 eV) and rapid charge carrier recombination dynamics. This means that anatase titania uses less than 1% of the solar spectrum. 
However, Au, Au-Pt nanoparticles and quantum dots can be utilized to sensitize TiO2 and extend its photo-response to the visible region of the solar 
spectrum. In this presentation we bring to light recent advances in our laboratory on synthesis, characterization, optical and physico-chemical properties 
of active nanohybrid titania-based catalysts with multifunctional, broadband electromagnetic responses for potential solar energy conversion 
applications. Molecular self-assembly and co-deposition procedures are employed to modify the TiO2 surface and create nanohybrid structures. The 
catalytic potential of the newly produced nanohybrid materials toward the photodegradation of a model analyte, methyl orange, is studied under UV and 
visible illumination. The photocatalytic performance of these nanomaterials is highly dependent upon nanoparticle shape, morphology, composition, 
crystallinity, and illumination and will be described in detail. 

INOR 63 

Synthesis of hierarchical nanocrystal-based mesoporous materials for electrochemical supercapacitors 
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The ability to construct well-defined and controlled hierarchical nanostructured porous architectures is desirable for enhancing the performance of 
electrochemical pseudocapacitors. Here, we propose design rules for improving capacitive energy storage: use of redox-active materials, high surface 
area for high capacity, mesoporosity for solvent diffusion, and good electronic conductivity. Previous work on TiO2 nanocrystal-based porous films 
satisfied many of these requirements. In this work, we build on those initial results using polymer templating of preformed nanocrystals to fabricate high 
surface area redox-active materials, including Mn3O4 and MnFe2O4. In addition we have prepared mesoporous nanocrystal-based films of tin-doped 
indium oxide (ITO) coated with V2O5. The ITO scaffold provides a conductive pathway and facilitates electron-transfer reactions throughout the V2O5 
layer. In these systems, the mesoscale porosity allows facile electrolyte diffusion throughout the material, while the nanocrystals embedded in the pore 
walls provide a high surface area with ample redox-active sites. 

INOR 64 

Mesoporous manganese oxide nanowires for high capacity, high rate, hybrid electrical energy storage 

Wenbo Yan, leonnieyan@gmail.com, Talin Ayvazian, Jungyun Kim, Yu Liu, Keith Donavan, Wendong Xing, John Hemminger, Reginald 
Penner.Chemistry, University of California, Irvine, Irvine, CA 92617, United States 

Arrays of mesoporous manganese dioxide, mp-MnO2, nanowires were electrodeposited on glass using the lithographically patterned nanowire 
electrodeposition (LPNE) method. TEM revealed the presence within these nanowires of a network of 3-5 nm diameter fibrils that were X-ray and 
electron amorphous, consistent with the measured porosity values. mp-MnO2 nanowires were rectangular in cross-section with adjustable height, 
ranging from 21 to 63 nm, and adjustable width ranging from 200 to 600 nm. Arrays of 20 nm - 400 nm mp-MnO2 nanowires were characterized by a 
specific capacitance, Csp, of 923±24 F/g at 5 mV/s and 484±15 F/g at 100 mV/s. These Csp values reflected true hybrid electrical energy storage with 
significant contributions from double-layer capacitance and noninsertion pseudocapacitance (38% for 20 nm X 400 nm nanowires at 5 mV/s) coupled 
with a Faradaic insertion capacity (62%). These two contributions to the total Csp were deconvoluted as a function of the potential scan rate. 

INOR 65 

Nanocrystal-based active layers with tailored interfaces and architectures for advanced energy applications 

Brett A Helms, bahelms@lbl.gov, Evelyn L. Rosen, Raffaella Buonsanti, Teresa E. Pick, Anna Llordes, April M. Sawvel, Lina Zhu, Delia J. Milliron.The 
Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United States 

The properties of tasked nanocrystals in energy-related devices are strongly dependent on the presence and chemical nature of ligands at their surface, 
and the architectures they assume in electroactive layers. Here we will describe an exceptionally versatile class of reagents for native ligand stripping of 
carboxylate-, phosphonate- and amine- passivated nanocrystals, resulting in either bare or BF4ï/DMF-passivated surfaces depending on the material 
used. These reagents were effective both for thin films of nanocrystals as well as their dispersions. Significantly, no etching of the nanocrystals was 
observed. We will also show that dispersions of ligand stripped nanocrystals are useful as nanoinks and are amenable to architecturing at the mesoscale 
using suitable macromolecular tamplating agents that make particular use of specific and dynamic molecular interactions at the nanocrystal surface. 
Structured electroactive layers as such are poised to overcome challenges associated with electrochemical reactions occurring at accessible interfaces. 

INOR 66 

Thiol modified CdSe quantum dots for improved hybrid organic/inorganic solar cells 

Matthew J. Greaney, greaney@usc.edu, Richard L. Brutchey.Department of Chemistry, University of Southern California, Los Angeles, CA 90089, 
United States 

Hybrid organic/inorganic solar cells have attracted interest as platforms for achieving cost effective solar energy. The most efficient systems have been 
based on a bulk-heterojunction (BHJ) blend morphology in which the interfacial area between the organic polymer (donor) phase and inorganic 
nanocrystal (acceptor) phase is maximized. The nature of the interface between the donor and acceptor is of upmost importance for charge transport, 
and it critically influences the overall performance of hybrid devices. Using a combination of spectroelectrochemistry, fluorescence lifetime 
measurements and device results, we have investigated the effect of nanocrystal capping ligands in hybrid P3HT:CdSe BHJ systems, and utilized the 
results to fabricate optimized devices with >2% power conversion efficiency. A new type of ligand exchange leading to improved hybrid solar cells will be 
discussed. 

INOR 67 

Ultrafast dynamics of electron-hole pairs underlying hydrogen production in heteronanocrystal photocatalysts 

Mikhail Zamkov, zamkovm@bgsu.edu, Rony Khnayzer, Timothy O'Connor, Krishna Acharya.Center for Photochemical Sciences, Bowling Green State 
University, United States 

We will discuss the ultrafast electron phenomena taking place in metal-semiconductor hybrid nanocrystals composed of linearly stacked ZnSe, CdS, and 
Pt domains, which underpins the photocatalytic activity of these colloids. First, we will demonstrate that the production of hydrogen on the Pt site of 
ZnSe/CdS/Pt nanocomposites can be enhanced by using electron-donating molecules as surface ligands on the semiconductor counterpart. These 
surfactants appear to be of key importance in enabling an efficient and stable reduction of water by CdS-based photocatalysts as they fill the vacancy in 
the valence band of the semiconductor domain, preventing its degradation. The second part of the presentation will discuss the ultrafast dynamics of 
photoinduced charges in ZnSe/CdS/Pt heterostructured nanocrystals, measured by means of femtosecond transient absorption spectroscopy. This 
technique allows determining the rates of inter-domain and semiconductor-to-ligand charge transfer processes, and therefore provides important insights 
into the mechanism of energy dissipation in these hybrid systems. 

INOR 68 

Investigation of catalytic and photocatalytic properties of ZnO nanoflowers with novel faceting 

Chris Cadigan, ccadigan@mines.edu, Feng Lin, Lifang Chen, Chia-Ling Chou, Nick Linck, Ryan Richards.Department of Chemistry, Colorado School 
of Mines, Golden, CO 80401, United States 

A novel flower-like and holes-rich ZnO nanostructured catalyst, possessing 6-fold building blocks and wurtzite structure with [011
-
0] orientation that 

shows activity for the hydrogenation of CO2 is investigated. The evidence for this activity was shown with a Diffuse Reflectance Infrared Fourier 
Transform Spectroscopy (DRIFTS) study. From the DRIFTS analysis it is known that methanol is formed at atmospheric pressure and relatively low 
temperatures with this novel ZnO catalyst. The photocatalytic decomposition of methylene blue was also studied using nanostructured ZnO that was 
modified with Li, Au and Ag. Results show that Li is detrimental to the photocatalytic activity, while Au and Ag increase the activity due to the electron 
transfer between ZnO and novel nanoparticles. 

INOR 69 

New supported Rh-nanoparticle catalyst materials for selective hydrogenation chemistry 
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The selective hydrogenation of Ŭ,ɓ-unsaturated aldehydes and ketones to their corresponding unsaturated alcohols is important process in 
pharmaceutical, fine chemicals and cosmetic industries. The presence of conjugated C=C and C=O double bonds in Ŭ,ɓ-unsaturated molecules (e.g. 
crotonaldehyde) results in the need to exert kinetic control over the possible regioselectivity during heterogeneously-catalyzed hydrogenation. The 
thermodynamically favored and more active C=C always leads to form the undesirable product. For improved selectivity and activity towards explicit 
hydrogenation of the C=O bond, new catalyst materials that enhance such selectivity are currently being explored. Support media that have high surface 
areas and are also reducible, such as Co3O4, have been found to act as highly efficient materials in combination with noble metal nanoparticles to 
achieve this type of selectivity. The selectivity and activity towards crotyl alcohol formation are significantly improved. The cobalt oxide support in 
question contains well-ordered channel of diameter 6-8 nm and associated surface areas of 70-100 m

2
/g. Nanoparticles of Rh, Pd, Pt, or bimetallic 

nanoparticles in the size range of 2-10 nm have been synthesized using novel microwave-assisted methods. These have been subsequently 
impregnated inside the cobalt oxide. 
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Size control of Ni2P nanoparticles: Consequences for hydrodesulfurization activity 
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Crude oil from oil sands is less expensive than Arabian crude but has a higher level of sulfur impurities that impact human health and the environment, 
necessitating improved hydrodesulfurization (HDS) catalysts. Silica-supported Ni2P is demonstrated to be a superior HDS catalyst relative to 
commercially-employed sulfided molybdenum, both in terms of efficiency and resistance to poisoning. However, no systematic study has been done on 
particle size effects on HDS activity of Ni2P, largely because traditional incipient wetness techniques do not enable sufficient size control. In this 
presentation, the ability to tune the particle size of Ni2P on a length-scale critical to catalytic activity is presented. The sintering of Ni2P nanoparticles on 
traditional supports is overcome by incorporation of Ni2P nanoparticles within mesoporous silica. Preliminary dibenzothiophene HDS data conducted on 
nanoparticles of varying size will be described in the context of establishing the relationship between site density and HDS activity of Ni2P. 

INOR 71 

Rosette nanotube-supported Palladium nanoparticles: A key step towards efficient and green catalysis 

Mohammad R Hassan, mrh1@ualberta.ca, Rahul Chhabra, Jae-Young Cho, Hicham Fenniri.Departments of Chemistry and Biomedical Engineering, 
National Institute for Nanotechnology (NINT-NRC) and University of Alberta, Edmonton, AB T6G 2M9, Canada 

Metal nanoparticles (NPs) catalysts have drawn more attention in recent years because of their recyclability and potential for high turnover. However, 
one of the great challenges in this area is to design a support that can promote the formation of NPs, stabilize them in solution, and help catalyze the 
reaction at the interface between homogeneous and heterogeneous conditions (i.e. colloidal state). The rosette nanotubes (RNTs) not only stabilize 
metal-NPs in solution but also provide a biomimetic support that allows the reaction to be catalyzed under mild and environmentally friendly conditions. 
The RNT/NP catalysts were synthesized in two simple steps:- First, the RNTs were synthesized by the self-assembly of six GȿC base derivatives 
through intermolecular hydrogen bonding affording a rosette macrocycle, which in turn self-organizes via p-p stacking to give a tubular architecture, a 
rosette nanotube (RNT). The second stage consists of growing nearly monodisperse ~1.4 nm metal nanoparticles by in-situ electroless deposition on the 
surface of the RNTs. Here we will describe the strategies for growing different metal nanoparticles on the RNTs along with their catalytic properties, 
chemoselectivity, and recyclability. 
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Combined in situ SAXS-EXAFS studies of the synthesis of shaped palladium nanoparticles and their application in industrially-relevant 
catalytic reactions 
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<script type="text/javascript"></script>Well defined shaped palladium nanoparticles (cubes, rods and quasi-spheres) have been synthesised by chemical 
reduction in the presence of Cetyl-trimethylammonium bromide (CTAB). Using synchrotron-based SAXS and EXAFS we directly monitored the growth of 
shaped nanoparticles. The particles produced were also characterised by TEM. The growth parameters extracted from SAXS indicate a critical CTAB 
concentration and temperature for the formation of long nanorods (aspect ratio ~4). EXAFS analysis revealed that the formation of PdBr2 is a key 
parameter for the anisotropic growth due to a decrease in the reduction rate of palladium allowing a better kinetic-control of the growth. Based on these 
findings fine tuning of particle shape was possible by appropriate choice of temperature. After deposition on carbon, the unique catalytic properties of the 
structured nanoparticles were demonstrated in remarkable improvements in the selective production of valuable chloroaniline from chloronitrobenzene 
and hydrogen peroxide direct from elements. 
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Redox-induced linkage isomerism and geometric isomerism in Ru(II) dichloride complexes of chiral tetradentate aminosulfoxide ligands 
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Ambidentate sulfoxide ligands may undergo redox-induced linkage isomerism (RILI) or photoisomerism when bound to Ru(II) centers: Such complexes 
have potential applications as molecular switches. To target chiroptical molecular switches, chiral tetradentate N,N'-(ɓ-ethylsulfinyl)diamine ligands have 
been synthesized by the reaction of (R)-p-tolyl vinyl sulfoxide with secondary diamines derived from ethylene diamine or 1,2-cyclohexanediamine. 
Octahedral Ru(II) dichloride complexes of some of these ligands have been prepared by their reaction with RuCl2(PPh3)3, and at least one example of 
each possible metal complex geometric isomer isolated. All structures were confirmed by a combination of single crystal X-ray structures, and NMR, UV-
vis and CD spectroscopic studies. Cyclic voltammetry reveals that only the cis-ɓ isomers show the scan-rate dependent behavior consistent with RILI 
upon oxidation to Ru(III). The kinetic and thermodynamic parameters associated with these processes have been analyzed and will be discussed along 
with the electronic requirements for RILI in this type of complex. 

INOR 74 

Binding motif of amidoxime to the uranyl ion 

Sinisa Vukovic, vukovics@ornl.gov, Lori Watson, Radu Custelcean, Sung Ok Kang, Ben Hay.Chemical Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 37831, United States 

We report the h2 motif, I, as the most stable uranyl-amidoxime binding geometry. This motif 
was predicted by modeling and characterized as energetically preferred over previously 
suggested motifs II and III. Further, acetamidoxime and benzamidoxime derivatives were 
synthesized and experimental confirmation of ɖ2 
binding motif to uranyl was obtained by crystallography. This report offers a 
correct binding motif between amidoxime and uranyl to be used as a blueprint for 
further improvements in rational ligand design of amidoxime carrying adsorbents. 
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Luminescence modulation in a series of phosphinopyridyl bridged gold-copper complexes 

Kelly Chen, kellychen@unr.edu, Christoph E. Strasser, Vincent J. Catalano.Department of Chemistry, University of Nevada, Reno, Reno, Nevada 
89557, United States 

Closed shell d
10

 metals experience attractive interactions due to their high dispersivity and relativistic effects. The metallophilicity is often strong enough 
to affect the solid-state structures, and these close metal interactions often result in highly luminescent complexes. Modulation of the metal-metal 
distances can drastically change the luminescence color and intensity. While there are many studies of luminescent homometallic gold species that 
modulate their luminescence as a function of Au-Au interactions, heterometallic systems are less studied. Utilizing phosphinopyridyl bridging ligands, a 
series of gold-copper complexes have been synthesized and characterized. Interestingly, the luminescence in these complexes varies not from 
perturbation of metal-metal distances, but from subtle cation-anion interactions. The structures and luminescence properties of two polymorphs and a 
pseudopolymorph are reported. 

INOR 76 

Evidence for a half ů bond in SĀĀĀS, SeĀĀĀSe, and TeĀĀĀTe complexes 

Shu A. Yao
1
, yao.shu@gmail.com, Kyle M. Lancaster

2
, Andreas W. Götz

3
, John F. Berry

1
.  (1) Department of Chemistry, University of Wisconsin-

Madison, Madison, WI 53706, United States  (2) Department of Chemistry and Chemical Biology, Cornell University, Ithaca, NY 14853, United 
States  (3) San Diego Supercomputer Center, University of California, San Diego, La Jolla, CA 92093, United States 

A group of unusual dinickel dicyclopentadiene chalcogens bridging complexes, (Cp'NiE)2 ( E= S, Se, and Te; Cp' = 1,2,3,4 
tetraisopropylcyclopentadienyl) contain extraordinary EĀĀĀE bond distances of 2.84 ¡ for S, 2.92 ¡ for Se, and 3.05 ¡ for Te that lie between the sums of 
the non-bonding Van der Waals radii and covalent radii. We investigated the electronic structure of these complexes using X-ray absorption 
spectroscopy, resonance Raman and EPR spectroscopy, and DFT methods, which strongly suggest the existence of unprecedented E2

3-
 species in 

these complexes. 

INOR 77 

Mixed carbene-oxazoline borate zinc complexes and their hydrosilylation and dehydrosilylation reactions 

Songchen Xu, xsc1@iastate.edu, Aaron D. Sadow.Department of Chemistry, Iowa State University, Ames, Iowa 50011, United States 

Hydrosilylation of small molecules, such as oxygen and carbon dioxide, along with dehydrosilylation of alcohols, such as methanol and tert-butanol, in 
the presence of hydrosilanes, provides an approach of preparing siloxanes, which are the key building blocks in synthesis. Here we report a series of 
zinc complexes bearing borate ligands that contain carbene and oxazoline, their hydrosilylation reactions with oxygen, and their dehydrosilylation 
reactions with methanol. 

We have prepared mixed carbene-oxazoline pro-ligands, PhB(Ox
Me2

)2(Im
R
H) (Ox

Me2
 = 4,4-dimethyl-2-oxazoline, Im

R
H = 1-tert-butylimidazole or 1-(2,4,6-

trimethylphenyl)imidazole). These pro-ligands react with dialkyl zinc reagents to give PhB(Ox
Me2

)2(Im
R
)ZnR' (R' = methyl or ethyl), which are precursors 

for PhB(Ox
Me2

)2(Im
R
)ZnH. Introduction of small molecules as oxygen and methanol to a mixture of hydrosilanes and PhB(Ox

Me2
)2(Im

R
)ZnH results in 

catalytic cleavage of silicon-hydrogen bonds and formation of silicon-oxygen bonds. 

INOR 78 

Coordination polymer catalysts based on phosphine coordination compounds as molecular building blocks 

Simon M. Humphrey, smh@cm.utexas.edu, Alisha M. Bohnsack, David N. Casto, Maxwell S. Chang, Meredith Mosier, Ana J. Nunez.Chemistry & 
Biochemistry, The University of Texas at Austin, Austin, TX 78712-0165, United States 

Catalysis using porous 3-D coordination polymers is one of the most under-studied applications of this now ubiquitous class of materials. However, such 
heterogeneous catalyst materials that contain well-defined single-site active species may present some very beneficial properties in comparison to 
molecular homogeneous catalysts. These include, size- and shape-selectivity based on the types of reagents that are permitted entry into the pores of 
the crystallites, easy catalayt recovery and recyclability, and the potential for application in vapor-phase reactions. 

We have recently prepared some analogues of well-known phosphine-based homogeneous catalysts that incorporate late transition metal sites, such as 
bis(phosphine) and PEP-pincer species. Importantly, these have been specifically tailored via organic chemistry of the ligand constructs to include 
ancillary functional groups that promote subsequent polymerization with secondary metals, to yield coordination networks. The structures and solid-state 
properties of some new examples will be presented. 

INOR 79 

Iron complexes of the redox-active [ONO] ligand 

Janice L. Wong, janicewong02@gmail.com, Alan F. Heyduk.Chemistry, University of California, Irvine, Irvine, CA 92617, United States 

Redox-active ligands coordinated to transition metal ions can serve as electron reservoirs due to their ability to access multiple oxidation states. A new 
series of mononuclear [ONO

q
]FeX2 complexes, where [ONO

q
]
-1
 is the quinonate form of the redox-active ligand [ONO

cat
]
-3
 shown in Scheme 1, have 

been prepared and characterized. Reactivity studies of the [ONO
q
]FeX2 family of complexes reveal a proclivity for oxidation-reduction reactivity. The 

reaction of [ONO
q
]FeX2 with N,N'-diphenylhydrazine resulted in the elimination of HX and the formation of the diazene and an iron-containing product. 

This iron-containing product is a bimetallic complex, Fe2[ONO]3, containing one five-coordinate and one six-coordinate iron centers. The presence of 
three redox-active [ONO] ligands coordinating the diiron core leads to rich redox chemistry. The combination of unique structural and electronic factors in 
Fe2[ONO]3 presents an interesting platform for small-molecule activation reactivity. The results of structural, spectroscopic, and electrochemical studies 
of this new family of compounds will be discussed. 

 

 
 

Scheme 1. Oxidation and reduction of [ONO] ligand platform. 

INOR 80 

Photoinduced CO-release chemistry of divalent metal flavonolate complexes 
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Lisa M. Berreau, lisa.berreau@usu.edu.Department of Chemistry & Biochemistry, Utah State University, Logan, UT 84321, United States 

Carbon monoxide is lethal in large quantities, yet in small quantities has numerous health benefits, including antimicrobial, anti-inflammatory, and 
cytostatic properties. Because of these health benefits, CO-releasing molecules are of special interest to the research community and previous studies 
in our lab have shown that metal-bound flavonols release carbon monoxide when irradiated under aerobic conditions. This presentation will focus on 
recent advances in the the synthesis, characterization, and photoinduced CO-release reactivity of divalent metal complexes of flavonol and flavonol-like 
ligands. 

INOR 81 

Structure and optical properties of gold(I) thiocyanate exciplexes 

Noboru Aoyagi
1
, aoyagi.noboru@jaea.go.jp, Kojiro Shimojo
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1
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3
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3
, Takaumi 

Kimura
1
.  (1) Nuclear Science and Engineering Directorate, Japan Atomic Energy Agency, Shirakatashirane 2-4, Tokai-mura, Naka-gun, Ibaraki 319-

1195, Japan  (2) Institute of Radiochemistry, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany  (3) Department of Chemistry, Katholieke 
Universiteit Leuven, Celestijnenlaan 200F, Heverlee 3001, Belgium 

Metallophilic interactions in complexes of univalent ions of the coinage metals copper, silver and gold can lead to luminescent behavior.
[1]

 Particularly, 
gold(I) complexes are interesting from the point of view of their coordination chemistry, because they form supramolecular complexes with infinite 
chains, spirals, trigonal prismatic stacked aggregates, etc.

[2]
 Under photo-excitation, gold(I) complexes can undergo isomerization or contraction of the 

Au-Au bond distance due to the strong aurophilic interaction in the excited state. However, detailed studies of these photoeffects are very rare.
[3]

 We 
have synthesized low-melting thiocyanate complexes, which are free from lattice energy found in the solid state, to study the change in the coordination 
geometry of gold(I) thiocyanate complexes. The optical properties and the structure of the complexes in both the ground state and the excited state will 
be the central topic of this presentation. 

References[1] Modern Supramolecular Gold Chemistry, ed. A. Laguna, Wiley-VCH, Weinheim, 2009. [2] Schmidbaur, H. and Schier, A. Chem. Soc. 
Rev. DOI: 10.1039/c1cs15182g[3] Hoshino, M., Uekusa, H., Ohashi, Y. Bull. Chem. Soc. Jpn. 2006, 79, 1362ï1366. 

INOR 82 

Diruthenium ů-iminophenylacetylide complexes from on-complex Schiff base condensation 

Steven Cummings, scumming@purdue.edu, Phillip Fanwick, Anastasia Kharlamova, Tong Ren.Chemistry, Purdue University, West Lafayette, IN 
47904, United States 

A new diruthenium compound trans-[Ru2(DMBA)4](CſC-C6H4-4-CHO)2 (1 ; DMBA is N,N'-dimethoxybenzaminidnate) was prepared from the reaction 
between Ru2(DMBA)4(NO3)2 and HCſC-C6H4-4-CHO under weak base conditions. The aldehyde groups in 1 underwent a condensation reaction with 
NH2C6H4-4-Y (Y = H and NH2) to afford new compounds trans-[Ru2(DMBA)4](CſC-C6H4-4-CH=N-C6H4-4'-Y)2 (2 , Y = H; 3 , Y = NH2). A related 
compound, Ru2(DMBA)4-(CſC-C6H4-4-N=C(Me)Fc)2 (4 ), was also prepared from the reaction between Ru2(DMBA)4(NO3)2 and HCſC-C6H4-N=C(Me)Fc. 
X-ray structural studies of compounds 1 and 2 revealed significant deviation from an idealized D4h geometry in the coordination sphere of the Ru2 core. 
Voltammetric measurements indicated that compounds 1-3 display four, one-electron redox processes: an oxidation of Ru2, a reduction of Ru2, and a 
stepwise reduction of the imine groups. Compound 4 displays an additional oxidation attributed to the Fc moiety. DFT calculations were performed on 
model compounds to gain a more thorough understanding of the stepwise reduction of the imine group. 

INOR 83 

Use of phosphorescent materials to monitor the photooxygenation of organic substrates 

Kyle R. Schwartz, schw0733@umn.edu, Kent R. Mann.Chemistry, University of Minnesota, Minneapolis, MN 55455, United States 

Understanding the reactivity of singlet oxygen (
1
O2) with relevant organic substrates is of particular importance for the exploitation of 

1
O2 as a chemical or 

therapeutic reagent. Interaction of phosphorescent excited states with molecular oxygen (O2) results in energy transfer from the sensitizer to O2 that 
quenches the excited state and generates the reactive oxygen species 

1
O2. We have developed a spectroscopic methodology for monitoring the 

generated 
1
O2 reactivity using the luminescent profile of phosphorescent materials. The method allows for the phosphor to serve as both a probe and 

sensitizer. We demonstrate the utility, sensitivity, and reproducibility of the method for several combinations of sensitizers and substrates. 

INOR 84 

Exploring the reactivity of high-valent nonheme oxoiron(IV) intermediates with reactive oxygen species 

Joseph J. Braymer
1
, jbraymer@umich.edu, Kevin P O'Neill

1
, Mi Hee Lim

1,2
.  (1) Department of Chemistry, University of Michigan, Ann Arbor, MI 48109, 

United States  (2) Life Sciences Institute, University of Michigan, Ann Arbor, MI 48109, United States 

High-valent oxoiron(IV) intermediates found in the active sites of nonheme metalloenzymes have been extensively studied recently due to their 
significance in organic oxidation reactions in nature. Synthetic biomimetic complexes have additionally been developed providing further details into the 
chemistry involved with these reactive intermediates. One aspect of this functionality that has not been well studied in nonheme metalloenzymes or 
synthetic biomimetics is the reactivity with reactive oxygen species (ROS). For example, it is generally accepted in heme containing enzymes that high-
valent oxoiron(IV) species are involved in the decomposition of hydrogen peroxide which is an important regulatory reaction for reactive oxygen species. 
In order to determine if and/or how ROS are capable of reacting with nonheme high-valent species, we have been utilizing oxoiron(IV) biomimetic 
complexes to study their reactivity through kinetic and spectroscopic investigations. Insight into the relationship of nonheme oxoiron(IV) moieties and 
ROS will be discussed. 

INOR 85 

Development of inorganic and organometallic crystallography in the 20th Century: Some personal reflections 

Melvyn R. Churchill, chexray@buffalo.edu.Department of Chemistry, University at Buffalo, SUNY, Buffalo, NY 14226, United States 

Crystal structures are now solved rapidly and routinely. Some 50 years ago the solution of a small structure (30 non-H atoms) would take several 
months. This change has required advances in: (1) the availability of crystallographic programs; (2) the introduction and development of powerful 
computers along with the concommitant elimination of "computing costs"; (3) automated data collection via the diffractometer; (4) incorporation of the 
CCD into the data collection system. I will review the changes that have taken place along with some personal reflections on the role of "Inorganic 
Chemistry " and the advances made by some of the major players. 

INOR 86 

Applications of tripodal ligands for investigating aspects of the organometallic and bioinorganic chemistry of zinc 

Wesley Sattler, Serge Ruccolo, Yi Rong, Gerard Parkin, parkin@columbia.edu.Chemistry, Columbia University, New York, New York 10027, United 
States 

Multidentate ligands have received considerable attention due to their ability to tailor the steric and electronic properties of a metal center. Furthermore, 
the structural modifications associated with different kapticities provides a means to influence reaction pathways. The research presented will focus on 
recent applications of various tridentate and tetradentate tripodal ligands, as illustrated by the tris(3-t-butyl-5-methylpyrazolyl)hydroborato, tris(2-
pyridylthio)methyl and tris(1-methyl-imidazol-2-ylthio)methyl ligands, to the organometallic and bioinorganic chemistry of zinc. 
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Anticancer properties of silver carbene complexes 

Wiley J Youngs
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, youngs@uakron.edu, Claire A Tessier
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.  (1) Center for Silver Therapeutics Research, Department of Chemistry and Biochemistry, University of Akron, Akron, Ohio 

44325-3601, United States  (2) Taussig Cancer Center, Cleveland Clinic, Cleveland, Ohio 44195, United States  (3) School of Medicine, Pediatrics, 
University of Texas Southwestern Medical Center, Dallas, Texas 75390, United States 

Five years ago we began to study the effect of silver carbene complexes (SCCs) on a wide variety of cancer cells. This research showed that SCCs are 
very effective against a variety of cancers including lung cancer. A major focus of our research is now on the encapsulation of SCCs into nanoparticles 
for prolonged delivery to the lungs and for targeted systemic delivery. Encapsulation of SCCs within biodegradable polymeric nanoparticles is designed 
to protect the silver complexes from chloride and argyrophilic proteins in the blood there by allowing for systemic delivery. Selective targeting of 
nanoparticles containg SCCs to cancer cells using folate and RGD is under investigation. 

INOR 88 

Synthesis and structural characterization of electrophilic group 4 metal complexes featuring a diamidoamine ligand 

Jeffrey L. Petersen, jpeterse@wvu.edu.Bennett Department of Chemistry, West Virginia University, Morgantown, WV 26506-6045, United States 

Electrophilic early transition metal complexes that contain multifunctional ligands represent a new generation of "non-metallocene" olefin polymerization 
catalyst precursors. Efficient synthetic strategies for the preparation of d

0
 Ti, Zr, and Hf complexes that feature a tridentate diamidoamine ligand have 

been developed. One-step amine and toluene elimination reactions provide ready access to the corresponding Group 4 metal dichloride and dibenzyl 
derivatives, respectively, in high yield. Specific details regarding the synthesis and structural features of these five-coordinate electrophilic early 
transition metal complexes will be presented. 

INOR 89 

Bond cleavage reactions using nickel, platinum, and rhodium: Elucidating factors that control selectivity 

Meagan E Evans, Taro Tanabe, Ting Li, Gyeongshin Choi, James Morris, William D Jones, jones@chem.rochester.edu.Department of Chemistry, 
University of Rochester, Rochester, NY 14450, United States 

Over the past decade we have studied the cleavage of C-H and C-CN bonds by a variety of unsaturated metal fragments. In this talk we will compare 
and contrast the reactivities of the metal fragments [Ni(dippe)], [Tp'RhL], [Cp*RhL], and [Rh(dippe)]

ï
 (L = PR3 or CNR). These studies allow direct 

comparison of Ni
0
 vs. Pt

0
 vs. Rh

I
 vs. Rh

ïI
, d

8
 vs. d

10
 systems, Cp* vs. Tp', and PR3 vs. CNR. CïH, CïC, and CïS cleavage will be targeted to make these 

comparisons. 

INOR 90 

Crystal-to-crystal phase transitions in metallocinium salts: Good stories for Arnie 

Logan C. Lorson, Shai R. Posner, Bruce M. Foxman, FOXMAN1@BRANDEIS.EDU.Department of Chemistry, Brandeis University, Waltham, MA 
02454-9110, United States 

Metallocenes and metallocinium salts readily undergo temperature-induced, crystal-to-crystal, topotactic phase transformations, where mother and 
daughter phases are closely aligned. The presentation will focus on a number of examples, including [Fe(C5H5)2][FeCl4] 1 , [Fe(C5H5)2]BF4 2 , 
[Fe(C5H5)2]PF6 3 , [Co(C5H5)2]PF6 4 and others. Using newly-developed tools for analyzing the transformations, we will present a series of ñmoviesò 
representing an accurate picture of the rearrangements. The observed transformations are often what might be called ñtypicalò, e.g., 2 undergoes a 
transformation from orthorhombic to monoclinic in which the symmetry of the mother lattice is maintained (referred to as conservative twinning). For 3 , 
cooling leads reproducibly to a four-component twin, while isomorphous compound 4 has been previously reported to undergo a similar transformation to 
that of 3 without twinning. A new determination of the behavior of 4 , as well as an analysis of the molecular displacements which occur in the 
transformations of 1-4 , will be reported. 

INOR 91 

Extraordinary structure/bonding and chemical reactivity consequences upon incorporation of gold, thallium, or platinum into nanosized 
CO/PR3-ligated homopalladium clusters 

Lawrence F. Dahl, dahl@chem.wisc.edu, Evgueni G. Mednikov.Department of Chemistry, University of Wisconsin - Madison, Madison, WI 53705, 
United States 

This talk, which honors the academic career of Professor Arnie Rheingold over the past half-century for his leadership role in promoting the use of X-ray 
diffraction to inorganic chemists as a routine analytical tool, will primarily focus upon our recent/current research on the preparation and 
crystallographic/spectroscopic characterization of CO/PR3-ligated heterometallic palladium clusters. 

Experimental evidence will be given indicating that the so-called ñinertò 6s
2
 electron-pair of 6s

2
5d

10
 Tl(I) can exert either a positive or negative stabilizing 

influence relative to that of corresponding 6s
0
5d

10
 Au(I) in different bimetallic closed-shell Tl-M clusters (M = Pd, Pt). 

Compelling experimental/theoretical implications will also be presented that the observed CO stabilities of the bimetallic Au2Pd21 and Au2Pd28 clusters 
(relative to nanosized homopalladium Pdn clusters with n>10 being generally unstable under CO) is a consequence in both neutral Au-Pd clusters of 
electron delocalization over the entire cluster of each Au 6s valence electron toward a Au

+
 configuration. This important finding is directly linked to a 

recent report on Au-Pd nanoparticle catalysts used for the complete conversion of formic acid to high-quality hydrogen (and CO2) that the presence of 
Au prevents CO poisoning. 

This talk will also include brief comments concerning my long-held prejudices in the teaching of modern chemical crystallography, especially on point 
group and space group symmetry. 

INOR 92 

Enhanced energy storage via co-electrodeposition of gold nanoparticles in metal oxide thin films 

Anne K. Bentley, bentley@lclark.edu, Kathleen R. Murphy, Stephen R. Kubota.Department of Chemistry, Lewis & Clark College, Portland, OR 97219, 
United States 

Manganese and cobalt oxide films electrochemically co-deposited with gold nanoparticles have been studied for use as supercapacitors and oxygen-
evolving catalysts, respectively. The introduction of disorder into birnessite MnO2 thin films could increase their surface area for potassium ion uptake 
during the charging cycle. Solutions of gold nanoparticles capped with cetyltrimethylammonium bromide (CTAB) were centrifuged and the nanoparticles 
were re-suspended in the MnSO4- and Co(NO3)2-based electrodeposition solutions. UV-vis spectroscopy and TEM microscopy were used to monitor the 
nanoparticles' stability in the solutions. The composite films were analyzed using electron microscopy techniques, X-ray diffraction, and cyclic 
voltammetry. The effects of gold nanoparticle incorporation on the films' conductivity, crystallinity, and electrochemical behavior will be discussed. 

INOR 93 

Phase and morphological control of SnE and PbxSn1-xE [E= S, Se, Te] (E= S, Se, Te) nanomaterials through tin carboxylate precursor selection 
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Clement P Jose, cpjose3@gmail.com, Bernadette Hernandez-Sanchez, Paul Clem.Department of Energy, Advanced Materials Laboratory, Sandia 
National Laboratories, Albuquerque, NM 87112, United States 

Solution routes to SnE, and PbxSn1-xE [E= S, Se, Te] nanoparticles are of interest for bioimaging and solar panels due to their size-tunable infrared 
properties. To explore the influence of precursor selection on morphology and phase, SnE and PbxSn1-xE particles were prepared using solution 
precipitation or solvothermal routes and various tin carboxylates: Sn(OCCH3)2 (1 ), Sn(O4C2)2 (2 ), Sn(O2C(C2H5)CH(CH2)3CH3)2 (3 ), and 
Sn(O2C(CH2)7CH=CH(CH2)7CH3 (4 ), and chalcogenides (S, Se, and Te) were used. The yield was characterized with X-ray Diffraction and 
Transmission Electron Microscopy. Through these synthetic routes, we have prepared nanosheets and particles with various phases of SnO, SnSe, 
SnTe, and PbxSn1-xE. This work was supported by the Laboratory Directed Research and Development (LDRD) program at Sandia National 
Laboratories. Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of 
Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. 

INOR 94 

Effects of substrates and catalysts on the morphology of GaN nanowires 

Alaoddin A Ayyad, aayyad@uno.edu, Satish C Rai, Haiqiao Su, Weilie Zhou.University of New Orleans, New Orleans, Louisiana 70058, United States 

Gallium Nitride (GaN), is a semiconductor with a wide band gap of 3.4 eV with applications in optical electronics, including LED ' s, lasers, 
and solar cells. In this study, GaN nanowires were synthesized utilizing the chemical vapor deposition (CVD) method with ammonia as the 
carrier gas on Silicon, Mica, Gallium Nitride on Sapphire, Zinc Oxide on Silicon, and AlN on Si(111) substrates. The reactions were carried out 
in an inert atmosphere to prevent oxidation of the nanowires. The catalysts, such as Fe, Au, etc., were sputter coated as a thin film on top of 
the substrates. Gold catalyst led to form the most rigid nanowires on all substrates with lengths between 1-3 ɛ m and diameters between 160-
300nm. Well aligned growth was observed on the GaN on sapphire substrate. The parameters of the synthesis of ZnO thin films on Si have 
been tuned to achieve vertical growth of GaN nanowires. Vertically aligned growth was also observed on the AlN on Si(111) substrates. The 
AlN on Si(111) substrate shows potential to be an alternative and much cheaper substrate than the current preferred substrate for GaN 
epitaxy which is, GaN on Sapphire. 

INOR 95 

Role of surfactants in the synthesis of CdSe hollow nanoparticles 

Jason M. Grider
1
, jmg2@rice.edu, Sravani Gullapalli

1
, Michael S. Wong

1,2
.  (1) Department of Chemical and Biomolecular Engineering, Rice University, 

Houston, Texas 77005, United States  (2) Department of Chemistry, Rice University, Houston, Texas 77005, United States 

The solvothermal synthesis of cadmium selenide hollow nanoparticles (ñHNPsò) is readily achieved by heating a cadmium salt with a selenium precursor 
in a high boiling solvent such as octadecene under optimized synthesis conditions. HNPs have many potential applications ranging from photovoltaics, 
drug delivery, and catalysis. All these applications require precise control over the monodispersity of the size and shell thickness of HNPs. It has been 
hypothesized that the use of alkylammonium surfactants can improve the monodispersity of hollow nanoparticles. Surfactant molecules of several 
different molecular structure types were tested in this synthetic method, with cetyl trimethylammonium bromide providing HNPs with greatest 
monodispersity. 

INOR 96 

Study of the utility of ceria nanoparticles for the photodegradation of haloaromatic compounds 

Will E. Lynch, will.lynch@armstrong.edu, Delana Nivens, Ryan Groom, Robert Cook, Mark Tanner.Department of Chemistry and Physics, Armstrong 
Atlantic State University, Savannah, Georgia 31419, United States 

Presented will be recent studies on the use of cerium oxide nanoparticle for the degradation of halogenated aromatics. Nanometer scale ceria particles 
are prepared and investigated for their ability to dehalogenate aromatic substrates in the presence of light greater than 330 nm. The photodegradation 
studies are carried out on halogenated organic molecules such as hexachlorobenzene. The degradation products are analyzed by SPME-GC/MS and 
NMR studies. The time course and matrix effects on environmentally relevant samples have been studied through multiple investigations. The effects of 
salts commonly found in environmental samples have been investigated to determine their effect on the catalysis as well as the lifetime of the 
nanoparticle in solution. Also, pH dependency of the rate and type of product formation has been studied. 

INOR 97 

Electronic structure calculations for quaternary diamond-like semiconductors using density functional theory 

Kimberly R Daley, daleyk@duq.edu, Carl D Brunetta, Matthew Srnec, Balamurugan Karuppannan, Jeffry D Madura, Jennifer A Aitken.Department of 
Chemistry and Biochemistry, Duquesne University, Pittsburgh, PA 15219, United States 

Quaternary diamond-like semiconductors (DLSs) are of interest for their electrical, photovoltaic, and nonlinear optical properties. Density functional 
theory (DFT) calculations are potentially useful, because many physical properties of a material can be predicted based upon analysis of its electronic 
structure, such as band gap energy. First principle calculations were used to calculate the electronic structure of a quaternary DLS using the WIEN2k 
package for materials science. WIEN2k utilizes the full potential linearized augmented plane wave method (LAPW) for calculating crystal properties. 
First, the electronic structure calculations of several known materials were performed in order to validate the method of calculating electronic structure 
with WIEN2k. The band structure, density of states, and electron density for a new lithium-containing DLS were calculated, The results will be compared 
to ternary DLSs found in the literature. 

INOR 98 

Pushing the boundaries of transition metal substitution: Synthesis, characterization, and magnetic properties of LnCrxGa3 (Ln = Tb-Er) 

Jacob D McAlpin
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Intermetallic compounds of the Ln-M-Ga family (Ln = lanthanide; M = transition metal) show strongly correlated electron behavior giving rise to features 
such as unusual magnetic ordering, superconductivity, heavy fermion behavior, and large magnetoresistance. To further the exploration and find new 
materials with novel physical properties, our objective was to grow single crystals of Ln-Cr-Ga with Ln = Tb-Er. TbCr0.20Ga3.00, DyCr0.20Ga2.96, 
HoCr0.14Ga2.65, and ErCr0.13Ga2.60 were successfully grown using self-flux growth methods, and the structures were solved using single crystal X-ray 
diffraction and characterized by powder X-ray diffraction and elemental analysis. The compounds crystallize in the cubic space group Pm-3m with lattice 
parameter a ~ 4.26 Å. Physical property measurements show the Ho analogue has an antiferromagnetic ordering at ~ 6K and the Er analogue has 
magnetoresistance of positive 25%. The stability and physical properties of these compounds will be discussed and compared with other transition metal 
analogues. 

INOR 99 

Optimization of Graezel cell of metal and mixed metal oxides 

Kim L Nguyen, Tan Nguyen, samthanh@aol.com.Department of Chemistry, San Jose City College, San Jose, CA 95128, United States 



20 

 

Recent discoveries of calcium oxide based Graezel cell in our lab showed improvements over the traditional titanium oxide materials. Calcium oxide and 
other metal oxides, while having higher voltages produced and better curing and adhesion properties as compared with titanium, may also not degrade 
well over time. The objective of this work is to further study newly tested materials and their time-degradation as well as using mixtures of different metal 
oxides with titanium oxides were studied to further enhance adhesion and electrical properties. Also, different dyes were tested for further degradation 
studies. 

INOR 100 

Tracking H2 in microporous adsorbents 

Jesse Rowsell
1
, jrowsell@oberlin.edu, Stephen FitzGerald

2
.  (1) Department of Chemistry and Biochemistry, Oberlin College, Oberlin, OH 44074, 

United States  (2) Department of Physics and Astronomy, Oberlin College, Oberlin, OH 44074, United States 

Efficient storage and delivery of dihydrogen remains a central challenge to the implementation of fuel cell technology in vehicles and mobile devices. The 
viability of microporous materials to serve this role has been widely investigated, and spurred on by the recent discovery of crystalline coordination 
frameworks with very large surface areas. Concurrently, a variety of spectroscopic and diffraction techniques have been creatively adapted to examine 
the dynamics of adsorbed H2. Despite a growing wealth of evidence for the sequential site-filling model, which describes interactions between adsorbed 
H2 molecules as relatively weak, a new description of the behavior of this adsorbate has been proposed that involves strong pairing interactions. Using 
low temperature diffuse reflectance infrared spectroscopy coupled with quantitative manometry, we have examined the quantum dynamics of H2 and its 
isotopologues in several materials to test the validity of these models. Our results support the original sequential site-filling model, providing no evidence 
for an H2-H2 pairing mechanism. Irreproducibility in sample preparation may be at the root of this controversy, and will be discussed. 

INOR 101 

Copper and iron containing metal templated polymers for catalysis and small molecule binding 

Joel W Gohdes
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1
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.  (1) Department of Chemistry, Pacific University, Forest 
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Metal templated polymers (MTP's) in which a metal complex is copolymerized into a highly cross-linked, porous polymer are being studied for catalytic 
and selective gas molecule binding applications. The first system is based on a four coordinate copper(II) template containing a polymerizable bis-
imidazole ligand. Differences between the chemistry of the molecular template and the copper sites in the polymerized system will be highlighted, 
including the stability of a monomeric bis-hydroxide species and a catalytic oxidation reaction using O2. The second system is based on series of trans-
octahedral iron(II) complexes containing a polymerizable, bidentate phosphine ligand. Beginning with the FeL2Cl2 complex, a series of reactions were 
mapped out to afford a wide range of trans-axial ligand substitution patterns. One of the compounds reversibly binds molecular hydrogen and is the 
target MTP for the iron system. 

INOR 102 

Engineering semiconductor nanocrystal (Quantum Dot) superlattices for solid state energy conversion 

Christopher B Murray
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The synthesis of colloidal nanocrystals (NCs) with controlled crystal shape, structure and surface passivation provides ideal electronic, thermal and 
optical building blocks for the assembly of new thin film energy conversion devices. The NCs are "artificial atoms" with tunable electronic and optical 
properties. We will briefly outline the synthesis and assembly of NC building blocks and the optimization of surface ligand systems that engineer the 
interparticle coupling in the resulting development of a new superlattice band structure. We go on to show what is possible in integration of NC 
superlattices focusing on the thermoelectric properties and optoelectronic properties that emerge in single component and multi-component systems. 
The design space for new materials and devices expands dramatically with the creation of ligand exchange chemistries that activate electronic transport 
in nanocrystal arrays. We will give specific examples of how differently sized CdSe, CdTe, PbS, PbSe, PbTe are organized and show how we employ 
solution processable Sb2Te3 together with NC inclusions to produce nanocomposites . The resulting thin films were characterized electronically, 
optically and structurally. We will also explore enhancements of optical properties possible with the incorporation of Au and Ag plasmonic NCs in the 
superlattices. Interfacial assembly and transfer will be discussed as a route to prepare nanocomposites (metamaterials) and progress in the design of 
high mobility NC solids will be shared. 

INOR 103 

Semiconductor nanocrystals and nanowires for printed photovoltaics and lithium ion battery electrodes 

Brian A Korgel, korgel@che.utexas.edu.Department of Chemical Engineering, The University of Texas at Austin, Austin, TX 78712, United States 

This presentation will focus on recent progress in the use of silicon nanocrystals and nanowires as a new high capacity negative electrode material in 
lithium batteries and semiconductor nanocrystal inks for printed photovoltaic devices. In a lithium ion battery, silicon has the potential to serve as an 
anode material with charge storage capacities of more than an order of magnitude higher than graphite. For photovoltaics, nanocrystal inks provide a 
semiconductor material that can be deposited under ambient conditions on various substrates, including low cost mechanically flexible plastic 
substrates, for lower-cost solar cells. In both of these cases, the materials work, but the performance needs to be improved to become competitive with 
existing technologies. Improvements in capacity/efficiency and long-term durability are among some of the most severe challenges. This presentation 
will address specific issues related to the materials and how we have been trying to overcome them in our laboratory. 

INOR 104 

Semiconductor quantum belts for transporting energy and charge 

Yuanyuan Wang, Yi-Hsin Liu, Virginia L. Wayman, Fudong Wang, Richard A. Loomis, William E. Buhro, buhro@wustl.edu.Department of Chemistry, 
Washington University, St. Louis, Missouri 63130, United States 

We have recently prepared colloidal CdSe quantum belts having remarkable optical properties. The photoluminescence efficiencies are as high as 40%, 
which is unprecedented for nanocrystals having an extended length dimension, in this case up to about 1.5 ɛm. Optical experiments establish that 
excitons are delocalized over the entire dimensions of the nanocrystals. These flat colloidal nanostructures may be prepared under surprisingly mild 
conditions, even at room temperature, through the intermediacy of discrete nanoclusters such as (CdSe)13. The synthesis of, reaction pathways to, and 
properties of these nanoclusters and nanocrystals will be presented. 

INOR 105 

Multiple exciton generation solar cells 

Joseph M Luther, Joey.Luther@nrel.gov, Octavi E Semonin, Matthew C Beard, Jianbo Gao, Arthur J Nozik.Chemical Sciences and Nanoscience, 
National Renewable Energy Laboratory, Golden, CO 80401, United States 

Heat loss is the major factor limiting traditional single junction solar cells to a theoretical efficiency of 32%. Multiple Exciton Generation (MEG) enables 
efficient use of the solar spectrum yielding a theoretical power conversion efficiency of 44% in solar cells under 1-sun conditions. Quantum-confined 
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semiconductors have demonstrated the ability to generate multiple carriers but present-day materials deliver efficiencies far below the SQ limit of 32%. 
Semiconductor quantum dots of PbSe and PbS provide an active testbed for developing high-efficiency, inexpensive solar cells benefitting from quantum 
confinement effects. Here, we will present recent work of solar cells employing MEG to yield external quantum efficiencies exceeding 100%. 

INOR 106 

Connecting the (quantum) dots: Toward hybrid photovoltaic devices based on chalcogenide gels 

Lasantha Korala
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A key issue in the exploitation of quantum dots (QDs) in hybrid (organic-inorganic) photovoltaic (PV) devices is the reliance on electron hopping from dot 
to dot to complete the circuit. To address this deficit, devices use high concentrations of QDs and/or textured films prepared from anisotropic 
nanoparticles. An alternative strategy is to ñconnectò the QDs together in an electrically integrated network that maintains a high interfacial surface area 
with the hole-conducting polymer for efficient charge separation. Chalcogenide sol-gel methods enable assembly of II-VI and IV-VI quantum dots into 
mesoporous colloidal networks with inorganic particle interfaces that do not present the barriers to electrical transport endemic in organic-ligated QDs, 
yet remain quantum-confined. In the present talk, the preparation of hybrid PV devices from CdSe@ZnS (core@shell) gels and poly-3-hexylthiophene is 
presented and the contributions of morphology and native transport characteristics of the CdSe@ZnS framework on the device performance will be 
discussed. 

INOR 107 

Thermochemical approaches to precursor-based syntheses of nitrides and phosphides 

Edward G Gillan, edward-gillan@uiowa.edu.Department of Chemistry, University of Iowa, Iowa City, Iowa 52242, United States 

Metal and non-metal nitrides range from thermally robust insulating ceramics to thermally sensitive metals and semiconductors (e.g., Ni3N and C3N4). 
Metal phosphides are also useful inorganic materials, for example, GaP is a light emitting semiconductor and photocatalyst, while metal-rich phosphides 
such as Ni2P serve as thermal catalysts. Phosphorus-rich structures containing polyphosphide anions have potential as thermoelectrics, catalysts, and 
low-band gap semiconductors (e.g., CoP3 and CuP2). This presentation will detail several thermochemically based precursor design strategies that have 
been successfully employed to synthesis thermally sensitive or metastable phases of several nitride and phosphide materials. The application of 
exothermic precursor design and use solvothermal reaction media to moderate exothermic precursor decomposition process will be discussed. The 
challenges related to precursor structure and its reorganization during exothermic precursor decomposition will also be highlighted. 

INOR 108 

Synthesis of functional materials through topochemical reactions of layered solids 

Elizabeth C. Sklute, Miharu Eguchi, Camden N. Henderson, Megan Strayer, Tsinghai Wang, Thomas Draskovic, Yoji Kobayashi, Jung eun Kwak, Hideo 
Hata, Thomas E. Mallouk, tem5@psu.edu.Department of Chemistry, The Pennsylvania State University, University Park, PA 16802, United States 

Topochemical reactions of layered materials - including intercalation, ion exchange, exfoliation/restacking, dehydration, and redox reactions - can be 
used to convert layered solids into new materials with unusual crystal textures, magnetic, and electronic transport properties. Most layered oxides 
contain negatively charged sheets interleaved by cations. Recently, we have found that it is possible to convert layered oxides into anion exchangers by 
intercalating polycations that overcompensate the negative charge of the sheets. The resulting compounds intercalate metal nanoparticles, which 
typically have negative surface charge near neutral pH. Using poly(tetrafluoroethylene) as a reducing and fluorinating agent, fluorine can be substituted 
for oxygen in layer perovskites and other oxides, resulting in compounds that are electrically conducting, even after exfoliating and re-stacking. Layered 
oxides typically have very anisotropic transport properties, and so it is advantageous to control the orientation of sheets and microcrystals in composite 
materials and devices. Suspended layer perovskite microcrystals orient strongly in magnetic fields with their stacking axis perpendicular to the field 
direction. This orientation, which arises from the magnetic anisotropy of the sheets, can be understood in terms of the symmetry of bonding at the faces 
of the sheets. Together these synthetic techniques provide access to ñdesignedò oxide materials with a range of interesting physical and chemical 
properties. 

INOR 109 

Nanowire photonics and single cell endoscopy 

Peidong Yang, p_yang@berkeley.edu.Department of Chemistry, University of California, Berkeley, United States 

Semiconductor nanowires, by definition, typically have cross-sectional dimensions that can be tuned from 2ï200 nm, with lengths spanning from 
hundreds of nanometres to millimetres. These subwavelength structures represent a new class of semiconductor materials for investigating light 
generation, propagation, detection, amplification and modulation. After more than a decade of research, nanowires can now be synthesized and 
assembled with specific compositions, heterojunctions and architectures. This has led to a host of nanowire photonic devices including photodetectors, 
chemical and gas sensors, waveguides, LEDs, microcavity lasers, solar cells and nonlinear optical converters. A fully integrated photonic platform using 
nanowire building blocks promises advanced functionalities at dimensions compatible with on-chip technologies. In a recent effort, we have shown that 
an optical nanoprobe, where a dielectric nanowire is coupled to a tapered optical fiber, can guide and confine visible light into the intracellular region. 
The nanoprobe allowed us to deliver payloads into the cell with high spatiotemporal precision, illuminate intracellular compartments and detect optical 
signal from the subcellular regions with high resolution. The intracellular insertion and illumination of the nanoprobe did not induce any significant 
cytotoxicity. Like the endoscope used in medicine that can directly look and examine the interior of the human body, this minimally-invasive optical 
nanoprobe could become a powerful tool for nanoscale payload delivery, imaging, and probing in single living cells. 

INOR 110 

Noncovalent functionaliazation of graphene oxide layers with tetracationic cyclophanes 

J. Fraser Stoddart, stoddart@northwestern.edu, Ali Coskun, Sampath Srinivasan, Onur Buyukcakir, Ruslan Guliyev, Gokhan Barin, Michal Juricek, 
Ashish N. Basuray.Department of Chemistry, Northwestern University, Evanston, IL 60208, United States 

Graphene and graphene oxide (GO) have attracted considerable attention in the field of nanotechnology of late. The interacalation of GO by organic 
molecules with appropriate constitutions and dimensions can lead to the formation of functional materials with tunable surfaces. Depending upon the 
organic molecule's size, shape and function, the properties of the hybrid materials can be modulated. In this context, a series of tetracationic 
cyclophanes incorporating bipyridinium, diazapyrenium, and diazaperylenium dicationic subunits have been designed to intercalate the GO layers 
through ˊĿĿĿˊ stacking and cationĿĿĿˊ interactions in DMF. Self-assembly of cyclophanes composed of diazapyrenium units with the GO layers have 
been shown to form a stable gel which exhibits multilayer packing. In addition, XRD analysis of this self-assembled material indicates the presence of 
the tetracationic cyclophane in between the GO layers. A detailed investigation of the noncovalent functionalization of GO with a series of viologens and 
cylophanes will be presented. 

INOR 111 

Using solution phase self-assembly to control the properties of materials ï from aligned semiconducting polymers to nanoporous batteries 

Sarah H. Tolbert, tolbert@chem.ucla.edu.Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA 90095-1569, United States 
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Solution-phase self-assembly is a powerful way to produce order in nanostructured materials. In this talk, we explore how that ordering can tune 
materials' properties. We begin with semiconducting polymers because the optical and electronic properties of these flexible semiconductors are very 
sensitive to chain conformation. Straightening and isolating polymer chains in silica nanopores can dramatically increase carrier mobility. We specifically 
fabricate FETs from aligned polymers in silica nanopores and use these devices to measure mobility in both crystalline and amorphous polymers. To 
extend the ideas of straight and isolated polymers to more easily processed materials, we examine amphiphlic semiconducting polymers that can self-
assemble into cylindrical micelles in solution. If time permits, we will also discuss experiments that use solution-phase assembly to produce controlled 
porosity in redox-active materials for application in supercapacitors and batteries. Here we show how polymer templated porous materials combine high 
surface area, facile solvent diffusion, and mechanical flexibility to improve rate performance in nanostructured charge-storage materials. 

INOR 112 

Aggregation-resistant graphene particles 

Jiaxing Huang, jiaxing-huang@northwestern.edu.Materials Science and Engineering, Northwestern University, Evanston, IL 60208, United States 

A major problem in the scaled up production of sheet-like materials, such as graphene is their tendency to aggregate due to strong van der Waals 
attraction. Restacking of sheets not only reduces their solution processability, but also compromises their properties such as accessible surface area. 
Moreover, since materials typically experience some form of compressive stresses during manufacturing such as drying and pelletizing, their 
aggregation state tends to vary by processing history. Making layered materials aggregation-resistant will help to standardize the material and their 
performance for large scale applications. A number of strategies for preventing aggregation in solution have been developed, which typically include 
tailoring the solvent-graphene interactions, and employing dispersing agents. In this talk, I will present some alternative strategies to make graphene 
particles resistant to aggregation in solution as well as in solid state, even after pelletizing at high pressure. 

INOR 113 

Cleavage of dinitrogen by a molybdenum pincer complex to give a molybdenum nitride 

Richard R Schrock, rrs@mit.edu, Travis Hebden.Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, United 
States 

Catalytic reduction of dinitrogen with protons and electrons continues to demand new approaches. As a consequence of Nishibayashi's report of 
catalytic reduction of dinitrogen employing a neutral molybdenum complex that contains a neutral PNP-type pincer ligand, we have turned to the 
synthesis of monoanionic pincer complexes of molybdenum. We have synthesized (t-BuPOCOP)MoI2 (1 ; t-BuPOCOP = C6H3-1,3-[OP(t-Bu)2]2) from 
MoI3(THF)3. Reduction of 1 under dinitrogen facilitates the six electron cleavage of N2 to form a terminal nitrido complex, [(t-BuPOCOP)Mo(I)(N)]

-
 (2) . 

The origin of the N atom was confirmed using 
15

N2. Protonation of [(t-BuPOCOP)Mo(I)(N)]
-
 results in formation of an unusual neutral species in which the 

proton has added across the Mo-P bond, not at the terminal nitride. Initial studies reveal that 2 is not a catalyst for the reduction of dinitrogen to ammonia 
under conditions that we have employed in the past or those employed by Nishibayashi. 

INOR 114 

Recent combined theoretical and experimental studies on nitrogenase and nitrogenase model complexes 

Frank Neese, frank.neese@mpi-mail.mpg.de.Max-Planck-Institut fuer Bioanorganische Chemie, Germany 

Nitrogenase is one of the most important enzymes on the planet and activates the triple bond of N2. The mechanism by which nature achieves this 
intriguing chemistry is unknown. Even the structural basis has remained elusive despite the availability of a high resolution crystal structure of 
nitrogenase. The combination of advanced spectroscopy with quantum chemistry has given important insights on the geometric and electornic structure 
of the FeMoCo that will be reviewed in the lecture. In parallel, studies on dinitrogen activating model complexes will be discussed. 

INOR 115 

Inorganic Fe models of a spring-like role for the interstitial light atom of the FeMo-cofactor 

Jonas C Peters, jonas.peters@gmail.com.Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, United States 

Our group has suggested that a hemi-labile role may be played by the interstitial light X-atom of the FeMo-cofactor, enabling a high degree of 
conformational and redox flexibility at a single iron N2 binding site. In this regard the central X-atom could act like a spring as the iron site coordinates 
various reduced nitrogenous ligands during turnover. This scenario would allow the iron center to modulate its local geometry by varying its degree of 
interaction with the light X-atom under crude local three-fold symmetry, possibly sampling trigonal bipyramidal, trigonal pyramidal, and/or 
pseudotetrahedral geometries as a function of the nature of the state of reduction of the nitrogenous ligand. Iron metalloboratranes will be discussed as 
inorganic models that can help us to consider this hypothesis, with the Fe-B interaction serving the function of the postulated Fe-X spring. 

INOR 116 

New types of cluster assembly reactions involving MS3 templates 

Bo Zheng, Xudong Chen, Amit Majumdar, Richard H. Holm, holm@chemistry.harvard.edu.Department of Chemistry and Chemical Biology, Harvard 
University, Cambridge, MA 02138, United States 

Assembly reaction systems containing a templete component [LM3]
0,1-

 (M = Mo, W; L = fac-tridentate ligand), FeCl2, and Na2Q (Q = S, Se) afford variant 
cluster types depending upon L and M. When L = 1,3,5-tert-butyl-1,3,5-triazacyclohexane, dinuclear, trinuclear, and cubane-type tetranuclear clusters 
are formed under different reaction stiochiometries. In the latter case, specific incorporation of Q atoms is possible leading to the previously unknown 
cluster cores [MFe3S3Q]

3+/2+
 isolated in a variety of clusters. When L = tris(3,5-dimethylpyrazolyl)hydroborate, different reaction stoichiometries afford a 

broad family of cluster with cubane [WFe3S3Q]
3+/2+

, edge-bridged double cubane [W2Fe6S6Q2]
2+

, P
N
-type [W2Fe6S9-nQn]

1+
 (n = 0-3), and double-cuboidal 

[W2Fe4S9-nQn]
2+/1+/0

 (n = 0,3). Structures are presented and reaction pathways are considered, including the use of selenide to demonstrate that template 
reactants provide MS3 components of assembled clusters. 

INOR 117 

Nitrogenase electron transfer and substrate reduction 
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Blacksburg, VA 24061, United States  (3) Department of Chemistry, Northwestern University, Evanston, Illinois 60208, United States  (4) Department of 
Chemistry, Oxford University, Oxford, United Kingdom 

Nitrogenase catalyzes the multi-electron/proton reduction of N2 to two NH3 in a reaction that is coupled to the hydrolysis of ATP. Two component 
proteins, called the Fe protein and the MoFe protein, act together to achieve N2 reduction, utilizing three different FeS cofactors including a [4Fe-4S] 
cluster, an [8Fe-7S] or P cluster, and a [7Fe-9S-1Mo-X-R-homocitrate] or FeMo-cofactor. We will report progress in understanding the order of transfer 
of electrons among these three cofactors and the roles of ATP hydrolysis in activating each electron transfer step. Further, evidence will be presented 
showing that single amino acid substitutions within the MoFe protein can partially mimic the roles of ATP and Fe protein, allowing the MoFe protein to 
reduce substrates in the absence of the Fe protein using Eu(II)-ligand as a reductant. Significant progress has also been made in understanding how N2 
binds and is reduced at the active site FeMo-cofactor. 
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Mössbauer, EPR, and DFT studies of an [O=Fe
V
=NR]

+
 center formed by one-electron oxidation of an oxoiron(IV) complex 

Eckard Munck
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Formally oxoiron(V) species are involved in some of the most difficult oxidation processes in biology, and recently such species have emerged as 
powerful catalysts in water splitting. In an effort to obtain a synthetic oxoiron (V) complex we have oxidized with tert-butyl hydroperoxide the well 
characterized [Fe

IV
(O)(TMC)(NCCH3)]

2+
 complex, 1 , at -44 °C in acetonitrile/butyronitrile , obtaining an S = 1/2 complex, 2 (TMC = 1,4,8,11-tetramethyl-

1,4,8,11-tetraazacyclotetradecane). EPR and Mössbauer spectroscopy of 2 and its very similar conjugate base 2-H
+
 yield detailed 

57
Fe, 

14
N

 
and 

17
O 

magnetic hyperfine tensors with unusual x/y anisotropies. The 
14

N hyperfine splitting stems from a nitrogen originating from acetonitrile, suggesting that 
a reactive [Fe

V
(O)2]

+
 was formed that attacked solvent to form an Fe-coordinated acetylaminyl radical. Analysis of resonance Raman, mass-spec, 

Mössbauer and EPR data suggested novel species, but the various techniques seemed to give conflicting hints as to the nature of the complexes. The 
decisive clues came from a detailed DFT analysis and comparison of the 

57
Fe hyperfine tensors with that reported for the oxoiron(V) complex based on 

the TAML ligand of T. J. Collins. Complex 2 and 2-H
+
 emerged as Fe

V
 complexes generated by inner sphere electron transfer from the metal to the 

acetylaminyl radical, generating an oxo-Fe(V)-imido species. 

INOR 119 

Electron flow through metalloproteins 

Harry Gray, hbgray@caltech.edu.Beckman Institute, California Institute of Technology, Pasadena, California 91125, United States 

<h3>Employing laser flash-quench experiments, we have shown that electron tunneling times over distances of 2 to 3 nm in Ru-modified iron and 
copper proteins fall in the microsecond to millisecond range both in solutions and crystals. Redox equivalents can be transferred even more rapidly 
across 2 nm by multistep tunneling, often called hopping, through an intervening tryptophan in a Re-modified azurin. The lessons we are learning about 
the control of electron tunneling and hopping through biological molecules is guiding work in our lab on the photoredox chemistry of cytochrome P450 
and nitric oxide synthase.</h3> 

INOR 120 

Catalysis with gold and gold palladium nanoparticles 

Graham J Hutchings, hutch@cf.ac.uk.School of Chemistry, Cardiff University, Cardiff, United Kingdom 

Heterogeneous catalysis plays a major role worldwide, not only with respect to an economic viewpoint, but it also provides the necessary infrastructure 
for the well being of society as a whole. A key discovery in the last two decades has been the identification that gold, when prepared as supported 
nanoparticles, is exceptionally effective as a redox catalyst. Recently, there has been an explosion of interest in gold as a catalyst and gold catalysis is 
now a major topic for both heterogeneous and homogeneous catalysis worldwide. This presentation will explore the latest developments using 
supported gold and gold palladium nanoparticles as heterogeneous catalysts; for example for the direct synthesis of hydrogen peroxide and the 
oxidation of toulene. 

INOR 121 

Nanostructure processing of advanced catalytic materials 

Jackie Y. Ying, jyying@ibn.a-star.edu.sg.Institute of Bioengineering and Nanotechnology, Singapore 

Nanostructured materials are of interest for a variety of applications. This talk describes the synthesis and applications of nanostructured materials for 
pharmaceuticals synthesis, biomass conversion, green house gas sequestration, fuel cells and biosensing. The nanostructured materials can be 
designed as nanocomposite materials with ultrahigh dispersion and synergistic effects between components. They are also derived in the form of 
nanoporous materials for the engineering of heterogeneous and heterogenized catalysts with excellent activity, selectivity and reusability. 
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Development of catalysis in flow 

Mimi Hii
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Catalytic flow chemistry employs the greater reaction space afforded by a flow reactor, to extend the limited application of heterogeneous catalysts for 
organic synthesis. In this presentation, the development of several catalyst systems for the atom-efficient oxidative transformations of alcohols to 
carbonyls, amines and esters will be described. The mechanism of each reacton system is revealed with kinetic studies. 

[figure 1] 

INOR 123 

Ionic liquids for biomass processing 

Agnieszka Brandt, James Erickson, Jason P Hallett, Michael Schrems, Tom Welton, t.welton@imperial.ac.uk.Department of Chemistry, Imperial 
College, London, United Kingdom 

As a new chemicals industry based upon biomass sources emerges, there is an opportunity to create this on a sustainable basis from the outset. Ionic 
liquids have already shown their use in creating a more sustainable chemicals industry and through the introduction of more sustainable processes. 
Using the knowledge that we have gained about the effects of solvent-solute interactions in ionic liquids, we have been developing these as solvents for 
lignocellulosic biomass processing. 

We present here our development of ionic liquids to fractionate lignocellulosic biomass, so that cellulose is made available for subsequent biological 
processing and the lignin component can be recovered for conversion into high value chemicals. We consider the optimum conditions for these 
reactions. We also present the use of ionic liquids to the energy requirements of mechanical processing of the biomass. 

INOR 124 

Multifunctional catalysts for the selective conversion of biomass: An organometallic approach 

Walter Leitner, leitner@itmc.rwth-aachen.de.Institut fuer Technische und Makromolekulare Chemie, RWTH Aachen University, Aachen, Germany 

The targeted conversion of biomasse to tailor-made products requires new catalytic processes for the selective de- and refunctionalization of biogenic 
substrates. Combining the molecular tuning offered by organometallic catalysts with additional control through the choice of the reaction medium offers a 
promising approach to address this challenge. The presentation will discuss recent examples for such systems for the conversion of carbohydrate-based 
platform chemicals and selective cleavage of lignin linkages. The catalytic systems embrace molecular complexes and nanostructred materials of noble 
metals in combination with advanced fluids such as aqueous multiphase systems, ionic liquids or supercritical fluids. 

For leading references see: 

(1) F.M.A. Geilen, B. Engendahl, A. Harwardt, W. Marquardt, J. Klankermayer, W. Leitner, Angew. Chem. Int. Ed. 2010, 49, 5510-5514. 
 



24 

 

(2) J. Julis M. Hölscher, W. Leitner, Green Chem., 2010 , 12, 1634-1639.  
 
(3) F.M.A. Geilen, B. Engendahl, M. Hölscher, J. Klankermayer, W. Leitner, J. Am. Chem. Soc., 2011 , 133, in press (DOI 10.1021/ja 2034377). 
 
(4) F. M.A. Geilen, T. vom Stein, B. Engendahl, S. Winterle, M. A. Liauw, J. Klankermayer, W. Leitner, Angew. Chem., 2011, in press. 
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Molecular catalysts for CO2 reduction and formate oxidation 
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The reduction of CO2 to fuels requires efficient catalysts for either electrochemical reduction using protons and electrons or thermal reduction with 
dihydrogen. Additionally, the reverse reactions, including formate oxidation, will require effective catalysts for use in fuel cells. Bifunctional catalysts can 
offer an advantage in that both the initial binding of the substrates can be stabilized and the activation of the substrate through through either 
stabilization of transition states or enabling alternate reaction pathways. The latest results from our labs will be presented for catalytic CO2 reduction 
using bifunctional complexes for both CO2 hydrogenation and electrocatalytic reduction as well as electrocatalytic formate oxidation.  
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Reductive disassembly of lignocellulose solids and models in super-critical methanol 

Peter C Ford
1
, ford@chem.ucsb.edu, Theodore D Matson

1
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.  (1) Department of Chemistry and Biochemistry, 

University of California, Santa Barbara, Santa Barbara, CA 93106-9510, United States  (2) Center for Green Chemistry and Engineering, Yale 
University, New Haven, CT 06520, United States  (3) Department of Chemistry and Environmental Sciences, Lake Superior State University, Sault 
Sainte Marie, MI 49783, United States 

Efficient methodologies for converting biomass solids to liquid fuels have the potential to reduce dependence on imported petroleum while easing the 
atmospheric carbon dioxide burden. In this presentation, we describe the quantitative catalytic conversions of wood and cellulosic solids to liquid and 
gaseous products in a single stage reactor operating at 300-320 °C and 160-220 bar. Little or no char is formed during this process. The reaction 
medium is super-critical methanol and the catalyst, a copper-doped porous metal oxide (CuPMO), is composed of earth-abundant materials. The major 
liquid product is a mixture of C2-C6 aliphatic alcohols and methylated derivatives thereof that are, in principle, suitable for applications as liquid fuels. We 
will also describe related studies with model systems. 
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New phosphine ligand promoters for palladium catalyzed telomerization of butadiene with methanol 

John R Briggs, briggsjr@dow.com, Samir Julka, Peter M Margl, Jasson T Patton.The Dow Chemical Company, Midland, Michigan 48640, United 
States 

The telomerization of butadiene with methanol forms the first step in a process to 1-octene, a valuable comonomer for LLDPE manufacture. The 
telomerization reaction is practiced using a base promoted palladium phosphine catalyst to yield 1-methoxy-2,7-octadiene as the desired product. This 
paper describes our high throughput and traditional experimental approaches to develop improved palladium phosphine telomerization catalysts for the 
reaction and, particularly, the effect of ligand structure on catalyst rate, selectivity and stability. 
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Development of new molecular and supported recyclable catalysts for biomass conversion into sugars and HMF 

Eugene Chen, eugene.chen@colostate.edu.Colorado State University, United States 

This presentation will describe our studies on the catalytic conversion of cellulosic biomass in ionic liquids (ILs) into sugars and 5-hydroxymethyl furfural 
(HMF), a versatile intermediate for feedstock chemicals and biofuels. Under relatively mild conditions and in the absence of added catalysts typically 
employed in biomass conversion, a mixture of suitable ILs with water, which is multi-functional (as solvent, reagent, and catalyst), depolymerizes 
cellulose into water-soluble reducing sugars in near quantitative yield; when a metal catalyst is added to this mixture, cellulose can be directly converted 
into HMF in good yield. Metal halides are currently employed almost exclusively as Lewis acid catalysts for the homogeneous conversion of glucose (or 
cellulose) to HMF in ILs. To this end, several non-halide-based, inexpensive metal catalysts have been developed for the efficient conversion of glucose 
into HMF in ILs. Lastly, the studies of using polymeric ILs to develop recyclable catalysts for biomass conversion in organic solvents will also be 
discussed. 
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Green process for chlorine dioxide production from chlorite using water-soluble manganese catalysts 

John T. Groves, jtgroves@princeton.edu.Department of Chemistry, Princeton University, Princeton, NJ 08544, United States 

Chlorine dioxide has emerged as the preferred agent for microbial decontamination and for the detoxification of sites contaminated by biological warfare 
agents such as anthrax.

 
As a broad-spectrum biocide, chlorine dioxide has advantages over chlorine due to its higher potency against bacteria, viruses 

and parasites while having a decreased tendency to produce chlorinated organics. Despite these advantages, the commercial production of chlorine 
dioxide (ClO2) continues to be problematic due to the harsh conditions used and its instability for long-term storage. Recently, we reported the discovery 
that ClO2 can be produced rapidly and efficiently using highly electron-deficient, water-soluble manganese porphyrin and porphyrazine catalysts. Various 
aspects of the scope and mechanism of this new chlorine dioxide process will be discussed. Cf. Angew. Chem. 2011 , 123, 721ï724; Inorg. Chem. 2011 
, ASAP. 
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Is it single metal homogeneous, nanocluster heterogeneous, or perhaps subnanometer cluster catalysis? The classic case of benzene 
hydrogenation catalysis beginning with [Cp*RhCl2]2 
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Sustainability and green chemistry are intimately connected to chemical catalysis. Moreover, there is no more important initial question in a given 
catalytic reaction than ñwhat is the true catalyst?ò, since optimizing catalyst activity, lifetime, selectivity, isolation, and regeneration all depend on 
knowledge of the identity and composition of the true catalyst. The short talk will present recent evidence on the ñwho is the true catalyst?ò question for 
the title system based on in operando XAFS spectroscopy, kinetic studies, and especially quantitative kinetic poisoning data. The results provide a 
compelling case for Rh4, subnanometer cluster-based benzene hydrogenation catalysis at 100 

o
C and 50 atm H2 pressures [1]. 

[1] Bayram, E.; Linehan, J. C.; Fulton, J. L.; Roberts, J. A.S.; Szymczak, N. K.; Smurthwaite, T. D.; Özkar,
 
S.; Balasubramanian, M.; Finke, R. G., J. Am. 

Chem. Soc. 2011 , in press (doi.org/10.1021/ja2073438). 
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Renewable products and catalyst studies in reductive etherification of carbonyl compounds with polyols 

Michael L. Tulchinsky, tulchiml@dow.com, Michael M. Olken, John R. Briggs.Core R&D, The Dow Chemical Company, Midland, MI 48674, United 
States 

Use of palladium catalysts on acidic mesoporous carbon supports optionally with a second metal component allows for efficient and practical reductive 
etherification procedures under medium hydrogen pressure. The catalyst performance favorably compares with several commercial catalysts. A variety 
of products have been prepared via reductive etherification of linear, branched, and cyclic aldehydes, dialdehydes, levulinic acid and other ketones with 
glycerin and glycols. Practical isolation protocols using extractions and/or vacuum distillations have resulted in good to excellent product yields of up to 
88%. The catalyst behavior has been studied upon reuse in five consecutive reactions after simple filtration and solvent washing. A reaction mechanism 
is proposed based on the identified intermediates and byproducts. 
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Methods and mechanistic aspects of catalytic alkene polymerization 

Clark R. Landis, landis@chem.wisc.edu.Department of Chemistry, University of Wisconsin-Madison, Madison, Wisconsin 53705, United States 

Alkene polymerization as catalyzed by transition metal complexes represents one of the most impressive industrial applications of homogeneous 
catalysis. Critical attributes of this success - very high activity and rare errors - complicate investigations of the reaction kinetics, determination of active 
site counts, and understanding of the implications of rare events. New methods for studying catalysts, including stopped-flow NMR and GPC analysis of 
chromophore-tagged polyalkenes, enable more efficient and detailed analyses. Results of these studies on model metallocene catalysts are 
summarized. 
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Synthesis and olefin polymerization of group IV metal complexes containing polydentate ligands 

Jerzy Klosin, jklosin@dow.com.Chemical Sciences, The Dow Chemical Compnay, Midland, MI 48674, United States 

Recently, we have been interested in developing olefin polymerization catalysts which can be operated at temperatures above 100 
o
C and are capable 

to producing olefin block copolymers. We have developed group IV catalysts containing bidentate, monoionic ligands (e.g. imino-amido and imino-
enamido ligands) which show very promising olefin polymerization behavior. An ethylene/1-octene copolymerization study conducted at 120 

o
C 

demonstrated that some of the complexes exhibit very high activity for the production of polymers with ultra-high molecular weight (Mw of 1,037 kDa) and 
moderate 1-octene incorporation. This molecular weight is 20 times higher than that produced by the titanium Constrained Geometry Catalyst (CGC) 
under the same polymerization conditions. The polymerization reactions with these catalysts conducted in the presence of diethylzinc led to a sharp 
decrease in the observed polymer molecular weights, indicative of effective chain transfer. 
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Milking the cow of redox non-innocence 

Kenneth G Caulton, caulton@indiana.edu, Atanu K Das, Alice K Hui, Brian J Cook, Daniel J Mindiola, Maren Pink, Chun-Hsing Chen, Kuntal Pal, 
Kumar Parimal, Amar H Flood.Department of Chemistry, Indiana University, Bloomington, IN 47405, United States 

Use of a ñschizophrenicò ligand combining electron poor (pyridyl) and electron rich (pyrrolide) halves will be described for bringing new reactivity to 
otherwise unreactive situations: 2,2'-pyridylpyrrolide ligands L permit unconventional outer sphere redox activity in both oxidative and reductive 
directions. For example, while trivalent iridium does not generally react with O2, when a pyridylpyrrolide is attached, in Cp*LIr

+
, O2 binds in time of mixing, 

to give an unusual triplet state adduct shown by DFT calculations to involve reduction to superoxide, bound monohapto, where the reducing electron is 
supplied by the ligand L. This superoxide complex oxidizes phosphines, 1,4-cyclohexadiene, and 1,2-diphenylhydrazine, using both its oxygens, 
effecting complete use of the oxidizing potential of O2. In a second direction, a new pincer ligand is described which contains two tetrazine arms, 
functioning as electron reservoirs, upon reduction; the potential of complexes of this ligand for outer sphere electron transfer will be discussed 
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Exploiting silicon in ligand design: Novel structure and reactivity involving silyl pincer complexes of the platinum group metals 

Laura Turculet, laura.turculet@dal.ca.Department of Chemistry, Dalhousie University, Halifax, Nova Scotia B3H 4R2, Canada 

Transition metal pincer complexes have been the subject of numerous reactivity studies ranging from explorations of catalytic activity to investigations of 
challenging bond activation reactions. With the goal of extending the versatility of metal pincer chemistry, we are pursuing the synthesis and study of 
LSiL (L = neutral donor) transition metal pincer complexes that feature silyl central donors. In the course of these studies we have discovered that PSiP 
ligation supports reactive, coordinatively unsaturated platinum group metal complexes. Computational studies indicate that Si plays a key role in 
promoting coordinative unsaturation at the metal center in such complexes. Our most recent work in this area focusing on investigations of challenging 
ů-bond activation chemistry involving Group 8, 9 and 10 silyl pincer complexes, will be detailed in this presentation. 
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Developing ñ3rd generationò hydroacylation catalysts that operate at only 0.1 mol% 

Andrew S Weller, andrew.weller@chem.ox.ac.uk, Michael C Willis, Adrian B Chaplin, Joel F Hooper.Department of Chemistry, University of Oxford, 
Oxford, Oxon OX1 3QR, United Kingdom 

The hydroacylation reaction allows for the 100% atomïefficient production of ketones from the combination of an alkene or alkyne with an aldehyde. The 
Achillesïheal of this potentially powerful transformation is the irreversible reductive decarbonylation from the acylïhydride to give an inactive metalï
carbonyl, which is promoted by a vacant site cis to an intermediate acyl. The initial best catalyst for this process was that developed by Bosnich, based 
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upon [Rh(dppe)]
+
. We recently reported a development to these catalysts by the use of a hemilabile diphosphine ligand DPEphos, delivering catalyst 

systems capable of good levels of activity and catalyst robustness using ɓ-S-substituted aldehydes in intermolecular reactions at loadings of 5-10 mol%. 
We now report new catalyst systems based upon small bite angle ligands, 

t
Bu2PCH2P

t
Bu2. These catalysts can operate at only 0.1 mol% and offer a 

breakthrough in loadings, rate and substrate scope for the hydroacylation reaction. 
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Amido-phosphine donor sets: Linker effects 

Michael D. Fryzuk, fryzuk@chem.ubc.ca, Nathan R. Halcovitch, Truman C. Wambach.Department of Chemistry, The University of British Columbia, 
Vancouver, British Columbia V6T 1Z1, Canada 

For some time we have been interested in combining amido donors and phosphine ligands into chelating arrays for coordination to both early and late 
transition elements. The reason for the choice of these two particular donor types goes back to the basic tenets of hard-soft, acid-base theory wherein 
the amido unit can be considered as a hard base and the phosphine is classified as a soft base. But the real challenge has been to arrange these 
donors into chelating arrays that allow these ligand types to bind to metals in different geometries. This lecture will explore some of our successes in 
multidentate ligand designs by examining the effect of the linkers, a selection of which is shown below: 
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Polyfunctional ligands and late transition metals: From unusual coordination modes to original reactivity patterns 

Didier Bourissou, dbouriss@chimie.ups-tlse.fr.University of Toulouse, Toulouse, France 

Over the last few years, our group has been studying the coordination properties of ambiphilic ligands. Our approach consists in using donor groups, 
typically phosphines, to support original metal / ligand interactions. This strategy was first used to investigate the coordination of Lewis acids as ů-
acceptor ligands (Z-type ligands). We are now extrapolating this approach to the coordination and activation of inert ů-bonds. 

This presentation will sumarize our last results in these two projects. Particular attention will be devoted to the structure of the isolated complexes that 
will be discussed on the basis of spectroscopic, crystallographic and computational data. 
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Structural and chemical effects of fluorine as a substituent on metal-carbon bonds 

Russell P Hughes, rph@dartmouth.edu.Department of Chemistry, Dartmouth College, Hanover, NH 03755, United States 

Structural and chemical effects of fluorine vs hydrogen as substituents on carbon bound to metals will be discussed. 
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From esters to alcohols and back 

Dmitry G. Gusev, dgoussev@wlu.ca, Denis Spasyuk.Department of Chemistry, Wilfrid Laurier University, Waterloo, Ontario N2L 3C5, Canada 

Reduction of esters is a common reaction in organic chemistry, however, the classical methods using aluminum hydrides or alkali metals are hazardous 
and they are accompanied by excessive formation of chemical waste. New pincer-type ruthenium and osmium catalysts from our laboratory: 
MHCl(CO)(NNHP), MH(CO)(NNP), and MH2(CO)(NNHP)(using 0.005 - 0.05 mol% loadings), facilitate a 'green' ester reduction process affording 
alcohols under hydrogen gas and under neutral conditions with essentially no by-product waste. The same catalysts are active for the reverse process, 
acceptorless dehydrogenative coupling (ADC), affording symmetrical esters from primary alcohols, CnH2n+1OH (n Ó 2). 
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CH activation by early and late transition metal complexes: Unusual pathways 

Odile Eisenstein, odile.eisenstein@univ-montp2.fr.Institut Charles Gerhardt, CNRS Université Montpellier 2, Montpellier, Languedoc Roussillon 34095, 
France 

CH activation occupies a central role in the reaction of organic species with transition metal fragments and the understanding of the mechanism at the 
molecular level is important for designing more efficient processes. Computational studies of reaction mechanisms have been very successful in 
establishing reaction pathways. We will illustrate some recent results where the metal species is a lanthanide complex and a Ni(0) complex. 
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Chemistry in a cryptand 

Nazario Lopez, Daniel J. Graham, Glen E. Alliger, Damiel G. Nocera, Christopher C. Cummins, ccummins@mit.edu.Department of Chemistry, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139-4307, United States 

Hexacarboxamide cryptands can be used in hexadeprotonated form as binucleating ligands for transition metals, or in triply deprotonated form as 
ligands for mononuclear complexes. Structures and reaction chemistry for both forms will be touched upon. An unusal oxidant is generated upon 
interaction of the hexacarboxamide cryptand itself with potassium superoxide; electrochemistry of this system will be described as well as some of its 
chemical reactivity as an oxidant. 
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Role of heme distortion in NO sensing and signaling by the H-NOX family 

Elizabeth M Boon, elizabeth.boon@stonybrook.edu.Department of Chemistry, Stony Brook University, Stony Brook, NY 11794-3400, United States 

The ability of biological systems to sense and respond to external stimuli is of fundamental importance. Dissolved gases such as nitric oxide (NO), 
carbon monoxide (CO) and molecular oxygen (O2) are increasingly recognized as important biological signals. For example, in eukaryotes, NO is well 
established as a signaling molecule that mediates functions such as smooth muscle relaxation, neuronal signal transduction, and inhibition of platelet 
aggregation. Recent evidence has suggested that NO also serves a signaling role in prokaryotes, being linked to processes such as quorum sensing 
and biofilm formation. Critical to understanding how organisms respond to gases is to identify and characterize the sensors of these molecules. Protein-
bound porphyrin groups typically serve gas-sensing roles and the H-NOX (Heme-Nitric oxide/OXygen binding domain) family is a prime example. The 
best-studied H-NOX protein is soluble guanylate cyclase (sGC), the eukaryotic NO receptor, which upon NO binding, initiates a physiological response 
(vasodilation, neurotransmission, etc.). H-NOX proteins have been identified in prokaryotes as well. It has been suggested that protein-induced changes 
in heme structure may provide a mechanism for protein modulation of biological properties, but direct correlation between protein-bound heme structure 
and function has not been described. Here, a combination of spectroscopic, structural, biochemical, and cell-based methods has been used to determine 
the changes that occur to the heme group of bacterial H-NOX domains upon gas binding. Furthermore, the role of heme distortion in regulating down 
stream signal transduction by H-NOX has been established. 
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Integrated paramagnetic resonance of inhibitor-bound cobalt-substituted zinc hydrolases and related models 

David L Tierney, tiernedl@muohio.edu, Amy R Marts, Tessa M Woodruff, Whitney Richert, Samuel M Greer, Joshua C Kaine.Chemistry and 
Biochemistry, Miami University, Oxford, OH 45056, United States 

The rich spectroscopy of the high-spin (hs) Co(II) ion has made common its use as a probe of metal binding sites in proteins. However, the interpretation 
of spectroscopic observations in terms of structure and bonding is often complicated due to large spin-orbit couplings and thermally accessible excited 
states. Through an integrated approach to paramagnetic resonance (simultaneously applying dual mode, multi-frequency CW and pulsed electron 
paramagnetic resonance (EPR) and electron-nuclear double resonance (ENDOR) and high-resolution nuclear magnetic resonance (NMR)), the electron-
nuclear hyperfine interaction can be used to correlate spectroscopy and structure with good precision, giving both bonding and dynamic information. To 
ensure transferrability, Co-substituted forms are compared directly to the native Zn proteins using x-ray absorption spectroscopy (XAS). The power of 
this approach will be demonstrated in the study of hydroxamate-based inhibitor complexes of Zn hydrolases and their Co-substituted analogs. 
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Chemistry of nickel in urease: Novel structural insights from NMR and X-ray crystallography 

Stefano Ciurli, stefano.ciurli@unibo.it.Department of Agro-Environmental Science and Technology, University of Bologna, Bologna, Italy 

Nickel is both a toxic and an essential element for microorganisms, including human pathogens, that rely on the activity of urease for survival. The 
enzymatic activity of urease depends on the chemistry of Ni(II). Urease activation relies on the action of proteins that effect nickel-dependent gene 
expression (NikR), nickel trafficking (UreE), and GTP hydrolysis (UreG). Recent insights in the structure and function of all these proteins will be 
illustrated and discussed. The NMR approach to establish structure and dynamics of NikR in solution, and the crystallographic evidence for the 
importance of disorder in the role of UreE as a metallo-chaperone will be discussed. The properties of UreG as an intrinsically disordered enzyme will be 
discussed as possible challenges to the structure-function paradigm in enzymology. The crystal structure of urease inhibited with citrate, a competitive 
inhibitor, will be described, and the potential for structure-based design of new drugs will be considered. 
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Unveiling X: X-ray emission spectroscopy of nitrogenase cofactors 
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Nitrogenases are Nature's catalysts for reduction of dinitrogen to ammonia. The cofactors responsible for this chemistry are Fe7S10M clusters, where M = 
Mo, V, or Fe. The most active of these is the "FeMo cofactor" (FeMoco). A decade ago, X-ray crystallography revealed an insterstitial light atom ñXò at 
the center of FeMoco. Since then, progress in understanding nitrogenase chemistry has been impeded by the inability to definitively identify this atom. 
We present evidence from Fe Kß X-ray emission (XES) spectroscopy that supports the assignment of X as C. Extensions to the FeV cofactor will be 
discussed. 
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Tyrosine-assisted electron transfer in blue copper azurin 

Jeffrey J Warren, jwarren@caltech.edu, Jay R Winkler, Harry B Gray.Department of Chemistry, California Institute of Technology, Pasadena, CA 
91125, United States 

Charge transport within polypeptides across large distances (Ó20 ¡) and at high potentials (Ó1 V) is important to many biological redox processes. In 
order to transport electrons/holes over great distances Nature employs multiple tunneling steps (hopping), often via the aromatic amino acids tryptophan 
and/or tyrosine. We are using artificial P. aeruginosa blue copper azurin models to understand the factors that govern the rate and efficiency of hopping 
via tyrosine. Our tyrosine-hopping systems are designed with a single tyrosine situated between azurin-Cu or -Zn center and a surface histidine tethered 
rhenium-photooxidant. Positioned near the tyrosine is an aspartate, a glutamate or a histidine, which is intended to accept the phenolic proton upon 
tyrosine oxidation. The positioning of a base proximal to the tyrosine appears to be an important determinant for the efficiency of electron transfer 
reactions. Time-resolved laser kinetics studies will be discussed. 
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Metal-templated design of protein macrocycles 

Annette Medina-Morales, a5medina@ucsd.edu, Akif Tezcan.Department of Chemistry and Biochemistry, University of California San Diego, La Jolla, 
CA 92093, United States 

The design of protein-protein interactions and the generation of new chemical functions in proteins both are challenging goals in chemistry. We have 
devised an approach (Metal Templated Interface Design) that combines both goals, in which protein self-assembly is first directed by metal coordination, 
followed by the redesign of the interfaces formed around the metals for new metal-based functions. Here we describe how a Zn-templated tetrameric 
protein assembly can be stabilized through a combination of non-covalent and covalent interactions to create a stable macrocyclic ligand platform. Our 
study shows that multiple disulfide bonds can be correctly formed under the direction of metal coordination, and how the resulting macrocyles can stably 
harbor several different metal ions (or their oxidation states) whose reactivities are currently under examination. 
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Synthesis of a new non-heme iron model complex for cysteine dioxygenase: Reactivity with dioxygen 

Alison C. McQuilken, amcquil1@jhu.edu, Yunbo Jiang, David P. Goldberg.Department of Chemistry, Johns Hopkins University, Baltimore, MD 21218, 
United States 

Cysteine dioxygenase (CDO) is a mononuclear non-heme iron(II) enzyme found in mammals that catalyzes the S-oxygenation of Cys by O2 to generate 
cysteine sulfinic acid (Cys-SO2H). The proposed substrate-bound active site of CDO contains 3 His residues bound to iron(II) in a ñfacial triad,ò with Cys 
coordinated via its amino nitrogen and thiolato sulfur. The mechanism of S-oxygenation is not well-understood in this enzyme, and few functional 
synthetic models are known. The synthesis of a new ligand with an N4S(thiolate) coordination environment, N3PySH, along with its corresponding iron(II) 
complex, [Fe

II
(N3PyS)(CH3CN)]

+
, will be discussed as a structural and functional model of CDO. Reaction of the iron(II) complex with O2 results in 

oxygenation of the arylthiolate donor to give a sulfinato product, [Fe
II
(N3PySO2)(NCS)], which was crystallographically characterized. Efforts to 

determine the mechanism of S-oxygenation will be discussed, including 
18

O-labeling studies and reactivity toward PPh3 and sulfenato trapping agents. 
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Synthesis, characterization and reactivity of high-valent metal corrolazines 

Pannee Leeladee, pleelad1@jhu.edu, David P Goldberg.Department of Chemistry, Johns Hopkins University, Baltimore, Maryland 21218, United States 

High-valent manganese and iron complexes are postulated as key intermediates in synthetic and biological processes. This presentation will focus on 
the reactivity of the isolable Mn

V
 corrolazines (TBP8Cz)Mn

V
(O) and (TBP8Cz)Mn

V
(NMes). The Mn

V
(O) complex is a slow and relatively weak oxygen-

atom-transfer (OAT) oxidant, yet surprisingly was found competent to catalyze the epoxidation of alkenes with ArIO oxidants. Mechanistic studies of 
these reactions will be described that reveal an unusual oxo-metal-ArIO intermediate. In analogous fashion, the Mn

V
-imido complex shows no reactivity 

toward NR group transfer, but interestingly, does function as a catalyst for OAT in a likely parallel mechanism. A high-valent Fe-imido complex was also 
targeted. Reaction of (TBP8Cz)Fe

III
 and chloramine-T followed by addition of PPh3 has led to the structural characterization of (TBP8Cz)Fe(N=PPh3), a 

product that suggests the intermediacy of a high-valent Fe-imide. Evidence for this intermediate, together with spectroscopic comparisons with a new 
Fe

III
 complex (TBP8Cz)Fe(O=PPh3), will be presented. 
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Modulation of proton-coupled electron-transfer efficiencies in proteins: pKa analysis of tyrosine and nitrotyrosine in azurin 

Bethany C. Larson, bclarson@ucsd.edu, Hannah S. Shafaat, Judy E. Kim.Department of Chemistry and Biochemistry, University of California San 
Diego, La Jolla, CA 92093, United States 

Proton-coupled electron transfer (PCET) reactions are central to numerous biochemical processes. Azurin is a type I blue copper protein with two 
tyrosines (Y108 and Y72) and one tryptophan (W48), and serves as a model for PCET in proteins. Upon UV-photoexcitation, the tyrosine deficient 
mutant, Az48W, reduces the Cu(II) center, and forms a relatively stable neutral W48Y radical. In wild-type azurin, the yield of W48Y is reduced 
significantly because of tyrosine-to-tryptophan PCET. To understand potential PCET pathways, spectrophotometric titrations were performed on Y72 
and Y108, and both tyrosines were found to have anomalously high pKa values of 11.6 and 12.5, respectively. In effort to decouple proton and electron 
transfer events, the unnatural amino acid, nitrotyrosine, was incorporated in azurin. The pKas were found to be 6.7 for NO2Y72 and 8.9 for NO2Y108. 
Radical yield measurements were also performed, and support identification of Y108 as the redox-active tyrosine residue in azurin. 

INOR 152 

Redox-linked conformational rearrangements in heme proteins 

Ekaterina V. Pletneva, ekaterina.pletneva@dartmouth.edu.Chemistry, Dartmouth College, Hanover, NH 03755, United States 

Allosteric regulation based on the heme redox state has been implicated in a variety of biological systems but the mechanistic principles of these 
rearrangements remain unclear. We examine redox-linked H2O-to-Met ligand substitution in a Geobacter sulfurreducens heme sensor GSU0935 and 
further rationalize factors governing this and other types of heme ligand switching with model cytochrome c variants. Comparison of folding 
thermodynamics for ferric and ferrous GSU0935 suggests the relatively small difference in the stability of the two redox states. Refolding of GSU0935 
proceeds through a low-spin heme intermediate. The multiple ligation states and their interconversion during folding and redox reactions illustrate the 
great flexibility of the heme environment in this sensor protein. Ligand substitution alters the redox reactivity of the heme group in proteins and we 
systematically analyze such changes in photoinduced electron transfer studies of Met80X mutants of cytochrome c. 
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Spectroscopic and computational studies of mononuclear molybdenum and tungsten enzymes: Links between electronic structure and 
enzyme function 

Benjamin W Stein
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The mononuclear molybdenum and tungsten enzymes function to catalyze the reduction and oxidation of a wide variety of substrates including sulfite, 
nitrate, DMSO, xanthine, and aromatic hydrocarbons. A common theme of the enzyme active sites is a complex electronic structure that derives from 
covalent bonding interactions between the metal site and the pyranopterin dithiolene. In order to gain insight into the complex metal-dithiolene interplay 
in the enzymes, we have used a combination of electronic absorption, magnetic circular dichroism, electron paramagnetic resonance, and resonance 
Raman spectroscopies to probe the electronic structure of metallo-dithiolene complexes as a function of electronic configuration. The spectroscopic 
studies have been used to evaluate the results of theoretical and bonding calculations. We will discuss the results of these studies in the context of how 
low-symmetry metal-dithiolene distortions contribute to redox potential modulation and superexchange pathways for electron transfer regeneration of the 
catalytically competent active sites. 
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Mechanistic clues for the inhibition of zinc ɓ-lactamases 

Alejandro J Vila, vila@ibr.gov.ar.Instituto de Biologia Molecular y Celular de Rosario, University of Rosario, Rosario, Argentina 

Metallo-ɓ-lactamases (MBL´s) represent the latest mechanism of bacterial resistance to b-lactam antibiotics. The rational design of an inhibitor for MBL´s 
has been limited by an incomplete knowledge of their catalytic mechanism and by the structural diversity of their active sites, which encompasses 
different zinc ligands, coordination geometries and metal content. 

We have studied the mechanism of structurally divergent MBL´s. By using time-resolved electronic, EPR and Resonance Raman spectroscopy we have 
trapped an anionic intermediate in ɓ-lactam hydrolysis, which is common for all clinically relevant enzymes. We show that the most relevant catalytic role 
of the metal ions is to stabilize the formation of this intermediate prior to nitrogen protonation. Instead, nucleophile activation by a Zn(II) ion is not a 
conserved mechanistic feature. Based on this information, we have synthesized a series of compounds which are not hydrolyzed by these enzymes and 
behave as potent inhibitors of MBL´s from all classes. 
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Ring-opening polymerization (ROP) of dicarba[2]cobaltocenophanes: Routes toward main-chain cobalt-containing homopolymers and block 
copolymers 

Joe B. Gilroy, joe.gilroy@bristol.ac.uk, Sanjib K. Patra, Ulrich F.J. Mayer, Ian Manners.School of Chemistry, University of Bristol, Bristol, Avon BS8 
1TS, United Kingdom 

[n]Metallocenophanes 1 have been widely studied as precursors to metallopolymers,
1
 a class of compounds that have been exploited as multifunctional 

materials.
2
 The reactivity of [n]metallocenophanes is derived from the high strain energy associated with tilting the cyclopentadienyl ligands relative to 

metallocenes. [n]Cobaltocenophanes, and their polymers, are greatly outnumbered by those based on other transition metals (e.g., Fe and Ru), primarily 
due to synthetic limitations surrounding the substitution chemistry of cobaltocene and cobaltocenium salts. Recent advances surrounding the ROP 
behavior of a dicarba[2]cobaltocenophane (1 , M = Co, ExRy = C2H4) will be the basis of this presentation. Thermal ROP resulted in high molecular 
weight polymer, which was transformed into a water soluble polyelectrolyte upon oxidation (2 ).

3
 Living photocontrolled ROP using a polyferrocenylsilane 

(PFS) macroinitiator, followed by oxidation resulted in the synthesis of the first example of heterobimetallic main-chain block copolymer (3 ),
4
 which 

underwent self-assembly in solvents selective for the polycobaltocenium block. 

 

 
 
1
Herbert, D.E.; Mayer, U.F.J.; Manners, I. Angew. Chem. Int. Ed. 2007 , 46, 5060-5081. 

2
 Whittell, G.R.; Hager, M.D.; Schubert, U.S.; Manners, I. Nature 

Mater. 2011 , 10, 176-188. 
3
Mayer, U.F.J.; Gilroy, J.B.; O'Hare, D.; Manners, I. J. Am. Chem. Soc. 2009 , 131, 10382-10383. 

4
Gilroy, J.B.; Patra, S.K.; 

Mitchels, J.M..; Winnik, M.A.; Manners, I. Angew. Chem. Int. Ed. 2011 , 50, 5851-5855. 
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Efficient and atom economical synthesis of functional polymeric materials from simple olefins and natural building blocks 

Zhibin Guan, zguan@uci.edu.Department of Chemistry, University of California, Irvine, CA 92697-2025, United States 

Catalysis continues to spark new imagination and excitement of synthetic chemists. One major research thrust in Guan lab is to develop transition metal 
catalyzed polymerizations for converting simple, readily available monomers into new functional materials at high efficiency and atom economy. In one 
strategy, we developed a chain walking polymerization method that can convert simple olefinic monomers into highly branched and dendritic polymers. 
In another strategy, we recently succeeded in direct synthesis of polyamides via dehydrogenation reaction from simple diols and diamines. We are 
further extending this method to the direct synthesis of functional polyamides from renewable natural monomers. In this presentation, I will discuss our 
ligand and catalyst designs, mechanistic studies, and efficient catalytic syntheses of functional polymers from simple olefins and natural building blocks. 
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Improvements in a novel polymerization when converting from a step-growth to chain-growth mechanism 

Molly C Brannock, mcbrannn@ncsu.edu, Christopher B Gorman.Department of Chemistry, North Carolina State University, Raleigh, NC 27695, United 
States 

In an attempt to synthesize an aromatic ladder polymer for use in nanoscale devices, we devised a route that converts soluble precursor oligomers to 
cyclized isoquinoline-type conjugated products. In this talk, we will describe the extension of a high-yielding model coupling to an initiator-assisted chain-
growth polymerization. As shown, this precursor material is comprised of multiple benzyl and aryl nitriles, both of which bring unique synthetic 
challenges. Improvements over step-growth polymerization attempts, and challenges observed with both methods will be discussed. 
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Transition metal complexes immobilized on nano-porous silica-polyamine composites 

Edward Rosenberg, edward.rosenberg@mso.umt.edu, J. B. Alexander Ross, Geoffrey Abbott, Shesharao Meregude, Michelle Terwilliger.Department 
of Chemistry, University of Montana, Missoula, Montana 59812, United States 

We have been studying the covalent binding to composite surfaces of a series of ruthenium complexes containing diimine ligands such as bipyridyl or 
phenanthroline ligands

1
 as well as NNN or PONPO pincer ligands in addition to the ancillary ligands L2, CO, H, Cl, and TFA (L2 = 2PR3 or 

R2PCH=CHPR2; TFA = trifluoroacetic acid) in various combinations (see Figure 1). We have studied their photophysical properties with a view towards 
developing them as surface bound photo-activated species for applications in catalysis and optical devices. Immobilization has a dramatic effect on the 
excited state lifetimes of most of the complexes but not on the wavelength of the absorbed or emitted light. Preliminary studies of the light induced 
reactivity of the complexes will be presented. 

1. E. Rosenberg, et. al.
 
J. Organmetal. Chem. (2009) 694 , 988. 
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Functionalized silicon as macroinitiator for surface-initiated group transfer polymerization 

Frank M Deubel
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, Rainer Jordan

2
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Rare earth-mediated group transfer polymerization of methacrylates is well established and has recently been shown to be applicable for the synthesis 
of poly(vinylphosphonate)s. One of the reaction pathways to initiate polymerization involves protonation of a bis(dimethylsilylamide)-ligand in a 
(Cp)2Ln(bdsa) precursor complex by an XH group (X = O, S, C) to establish a labile Ln-X bond, which results in transfer of X to a coordinated monomer 
at the initiation step and can therefore be used to introduce chain end functionalization. The idea of this work was the immobilization of such XH groups 
on silicon surfaces and formation of poly(vinylphosphonate) brushes via surface-initiated group transfer polymerization (SI-GTP). Different spacer 
lengths and morphologies between the Si surface and the functional group as well as different functionalities have been investigated. Resulting surfaces 
were analyzed by DRIFT spectroscopy, XPS, contact angle measurements and ellipsometry. 

INOR 160 

New ruthenium catalyst for ethylene polymerization 

Miguel A Camacho-Fernandez, camachof@uci.edu, Max Yen, Joseph W Ziller, Zhibin Guan.Department of Chemistry, Univerisity of California Irvine, 
Irvine, California 92697-2025, United States 

Many ruthenium catalysts have been successfully developed for various organic and polymer synthesis. However, reports of ruthenium catalyzing 
coordination polymerization are rare and the active species are unknown. Herein, we report the synthesis of an arene-tethered ruthenium complex (ɖ

6
-

C6H5(CH2)3SCH3RuCl2) in which chlorides have the right cis-symmetry needed for a Cossee-Arlman migratory insertion mechanism. Polymerizations 
were carried out with an AlMe2Cl co-catalyst that yielded polyethylene with moderate activities. In order to elucidate the active species we synthesized 
the homologous dimethylated Ὥ

6
-C6H5(CH2)3SCH3Ru(CH3)2 complex, which upon activation with HBArF in the presence of ethylene also yielded 

polyethylene. NMR and MS studies support a ruthenium cationic [Ὥ
6
-C6H5(CH2)3SCH3Ru(Polymer)]

+
 complex as the active catalyst. This is the first 

example that demonstrates ruthenium as the active species for catalyzing olefin coordination polymerization by insertion mechanism in the absence of 
an aluminum-based co-catalyst. 
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Ferracarboranes as redox mediators and sensors? 

Paul A Jelliss
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Metallacarboranes represent an unusual class of complex molecules where metals are coordinated by lipophilic carborane cage structures. The strong 
electron donor nature of the carborane cages in the sandwich complex anion [Fe(3,1,2-C2B9H11)2]

ï
 have a significant impact on its electronic properties 

compared with the more ubiquitous ferrocene analog. For example, the reversible Fe
III/II

 redox couple is significantly cathodically shifted. We are 
attempting to exploit this gross electronic tuning by incorporating the ferracarborane moiety into a polymer-modified bioanode and then effect some 
additional fine-tuning by replacing terminal BïH borane bonds with oxygen and/or bromine substituents. In order to produce a redox mediator that will 
not leach into an electrolyte solution, it is necessary to develop synthetic chemistry that allows us to covalently tether the ferracarborane to a polymer 
scaffold or multiwalled carbon nanotubes, which can be incorporated into a polymer-modified bioanode. Recent results from FTIR, NMR, DSC-TGA, and 
electrochemical analysis of thin-film deposits on glassy carbon electrodes will be presented. 

We have also demonstrated enhanced quenching of tris-bipyridylruthenium complex phosphorescence by the same ferracarborane complex in solution. 
Solvent and temperature studies suggest efficient static quenching. We are now exploring ways to synthesize a covalently tethered chromophore-
quencher assembly using a pendant polyetheramino group on one of the cage boron vertices of the carborane. Preliminary sensor analysis results will 
be presented. 
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Enhancement of chain growth and chain transfer rates in ethylene polymerization by binding of B(C6F5)3 to the sulfonate group of [phosphine-
sulfonate]PdMe catalysts 

Zhengguo Cai
2
, Zhongliang Shen

1
, zhongliang.shen@northwestern.edu, Richard F Jordan

1
.  (1) Department of Chemistry, University of Chicago, 

Chicago, IL 60637, United States  (2) Department of Applied Chemistry, Hiroshima University, Kagamiyama, Higashi-Hiroshima 739-8527, Japan 

The dinuclear complex {[2-(3,5-
t
Bu2-Ph)2P-4-Me-benzene-sulfonate]PdMe}2(ɛ-TMEDA) ([PO-3,5-

t
Bu]PdMe}2(TMEDA), 1 ) reacts with BF3ÅEt2O to yield 

the base-free dimer {[PO-3,5-
t
Bu]PdMe}2 (2 ), in which the two [PO-3,5-

t
Bu]PdMe units are bridged through a four-membered Pd-O-Pd-O ring. 2 reacts 

with 2 equiv of B(C6F5)3 in CH2Cl2 to yield {[POÅB(C6F5)3-3,5-
t
Bu]PdMe}2 (3 ), which crystallizes from Et2O to yield the solvent-coordinated monomeric 

complex [POÅB(C6F5)3-3,5-
t
Bu]PdMe(Et2O) (4 ). In both 3 and 4 , B(C6F5)3 binds to the sulfonate group. While 2 polymerizes ethylene to linear 

polyethylene with Mn = 3,000, 3 and 4 yield ethylene oligomers (Mn = 130 - 170) under similar conditions (80 psi, 60 
o
C). The activities of 3 ,4 are 3-4 

times higher than that of 2 . The rate of ethylene insertion of [POÅB(C6F5)3-3,5-
t
Bu]PdMe(ethylene) (3-E ) is three times greater than that of [PO-3,5-

t
Bu]PdMe(ethylene) (2-E ), consistent with the batch polymerization results. 2-E and 3-E react with excess ethylene to form [PO-3,5-

t
Bu]Pd(long-alkyl-

chain) and [POÅB(C6F5)3-3,5-
t
Bu]Pd(short-alkyl-chain) species (including [POÅB(C6F5)3-3,5-

t
Bu]Pd(propyl)), respectively. These results indicate that 

binding of B(C6F5)3 to the sulfonate oxygen of the [PO-3,5-
t
Bu]PdR catalyst enhances the rate of ethylene insertion (chain growth) and chain transfer. 

Similar effects are observed for other [PO]PdMe catalysts. 
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DFT study of isospecific propylene polymerization with C1-symmetric titanium complexes bearing tetradentate [ONNO']-type salan ligands 

Pattarawut Sumrit
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The isospecificity of propylene polymerization with C1-symmetric titanium complexes bearing tetradentate [ONNO']-type salan ligands, [Ti{(OC6H2-4,6-
R2)NCH2CH2-N(OC6H2-4,6-Cl2)}Me]

+
 where R = H; Me; tert-Bu, has been investigated by means of the density functional theory (DFT) method. The 

results from the first insertion study indicated that catalysts apparently favored the primary (1,2) propylene insertion due to the minimal repulsive 
interactions between the propylene methyl group and catalyst ligands. Increasing steric hindrance of the stereodirecting group (R) of the catalyst 
resulted in progressively lowering the activity of propylene insertion while the enantioface (re or si) selectivity was slightly improved. The extent of 
isospecific polymerization was determined from the seteroselective insertion of the second propylene monomer into the first growing chain, -
CH2CH(CH3)2. Obviously, an orientation of the growing chain was found to play a key role in the propylene-isospecific insertion rather than the 
stereodirecting group of catalysts. The relatively small activation energy differences (less than 1.5 kcal/mol) between the re- and si-primary insertions of 
the second propylene monomer could reasonably explain the previous experimental report of the isospecificity of [mmmm] = 54% for poly-1-hexene by 
using C1-symmetric zirconium catalysts featuring these electron-withdrawing and stereodirecting groups on the phenolate rings. 
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Heterometallic ligands as spectroscopic probes for a quantitative understanding of nanocrystal surfaces 

Evelyn L Rosen, elrosen@lbl.gov, Keith Gilmore, Aaron T Hammack, April M Sawvel, D Frank Ogletree, Jeffrey J Urban, Delia J Milliron, David 
Prendergast, Bruce E Cohen, Brett A Helms.Department of Materials Science, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United 
States 

The electronic and optoelectronic properties of nanocrystals in energy-related devices are strongly dependent on the presence and chemical nature of 
ligands at their surface. We will describe our recent efforts to develop a robust, quantitative framework to provide a molecular level understanding of 
nanocrystal surfaces and their role in device performance. Hetero-metallic probe ligands, which are highly sensitive to chemical and electronic 
environments and exhibit diagnostic spectral signatures, were installed as passivating ligands using unique reactive ligand exchange chemistries 
developed by our group. We will also describe the convergence of advanced electron microscopy and core level spectroscopy (XAS, XES, nanoAuger, 
etc) in producing a more comprehensive view of this important interaction in nanocrystals used in energy applications. 
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Selective oligomerization of ethylene and terminal alkenes mediated by chromium-PNP complexes 

Loi H. Do, loido@caltech.edu, John E. Bercaw, Jay A. Labinger.Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 
91125, United States 

Given that an enormous amount of ethylene is produced globally each year, new methods to transform this simple alkene into fuels and value-added 
chemicals is of great industrial interest. Toward advancing such technologies, a series of chromium(III)-PNP, where PNP = bis(diarylphosphino)amine, 
compounds were prepared and evaluated for their ability to either co-oligomerize ethylene/Ŭ-olefins or homo-oligomerize Ŭ-olefins in the presence of a 
methylaluminoxane activator. The catalysts containing o-methoxyphenylphosphino groups selectively incorporate a terminal alkene into a 
metallocyclopentane intermediate to produce olefins that are extended by four carbon units. Strategies to improve the catalyst efficiency and efforts to 
obtain a better understanding of the chromium species under catalytically relevant conditions will be discussed. 
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Luminescent properties of iridium(III) and platinum(II) complexes based on ñclickò ligands with versatile coordination modes 

Shuang Liu, shliu@mit.edu, Timothy M Swager.Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, 
United States 

Cyclometalated iridium(III) and platinum(II) complexes are among the most promising phosphorescent emitters, and have found applications in organic 
light emitting diodes (OLEDs), and as chemical sensors and bioimaging labels. Their luminescent properties can be finely tuned by modifying the 
coordination environment. In this presentation, a series of 2-(1,2,3-triazol-4-yl)-pyridine derivatives prepared by ñclickò chemistry have been used to 
synthesize a variety of Ir(III) and Pt(II) compounds with interesting photophysical properties. These ñclickò ligands show versatile coordination modes and 
can act as C, N- and N, N-chelating ligands as well as C, N, N-bridging units. The C, N- and C, N, N-ligation can only be achieved by capturing the Cu(I)-
triazolide intermediates formed in the copper mediated 1,3-dipolar cycloaddition reactions as transmetalating reagents. The tolerant and robust nature of 
the ñclickò chemistry provides an ideal route to incorporate different functionalities. Most importantly, the switch in coordination modes is accompanied by 
significant change of the photophysical properties. For instance, the cationic Pt(II) complexes with N, N-chelating ñclickò ligands exhibit switchable 
emission colors in respond to mechanical force. Detailed synthesis, characterization, and photophysical properties of these complexes will be discussed. 
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Blue phosphorescent emitters based on transition metal 
NHC-complexes 

Thomas Strassner, thomas.strassner@chemie.tu-dresden.de.Physical Organic Chemistry, TU Dresden, Dresden, Saxonia 01156, Germany 

The synthesis and 
characterization of new bis- and tetracarbene 
platinum(II) complexes with bis(triazoline-5-ylidene) and/or 



32 

 

bis(imidazoline-2-ylidene) ligands and their photophysical properties will be 
presented together with a new class of compounds: cyclometalated 
platinum(II) complexes with donating N-heterocyclic 
carbenes ([Pt(C*^C)(O^O)]). These complexes show a high potential for the 
application as triplet emitters in organic light emitting devices. 
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Investigating the mechanism of ferritin protection of DNA: Can the bacterial ferritin Dps utilize DNA charge transfer to protect the genome 
from a distance? 

Anna R Arnold, anordstr@caltech.edu, Jacqueline K Barton.Division of Chemistry and Chemical Engineering, California Institute of Technology, 
Pasadena, CA 91125, United States 

While aging is a complex, multidimensional process, the accumulation of DNA damage has long been recognized as an important factor. The iron 
storage protein ferritin depletes ferrous iron and hydrogen peroxide which can otherwise produce DNA-damaging oxygen radicals. We seek to elucidate 
the mechanism of ferritin protection of DNA using the bacterial ferritin Dps. DNA has been shown to efficiently conduct charge through its base stack and 
DNA charge transfer (CT) processes have been proposed to be biologically relevant in systems such as the long-range activation of redox sensitive 
transcription factors. Similarly, we are investigating whether the ferritin Dps can protect the genome from a distance by utilizing DNA CT. We combine 
transient absorption spectroscopy with methods to generate rapid in situ DNA oxidation to determine if ferritin can protect DNA from a distance by 
becoming oxidized in a DNA-mediated process. 
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Cell-selective activity of rhodium metalloinsertors 

Alexis C Komor, akomor@caltech.edu, Curtis J Schneider, Russell J Ernst, Jacqueline K Barton.Department of Chemistry and Chemical Engineering, 
California Institute of Technology, Pasadena, CA 91125, United States 

Deficiencies in the mismatch repair (MMR) pathway have been associated with various cancers, and many commonly used chemotherapeutics have 
decreased effectiveness against MMR-deficient cancers. There is consequently a need for chemotherapies that selectively target MMR-deficient cancer 
cells. Research in the Barton lab has uncovered a new class of compounds, termed rhodium metalloinsertors, that selectively bind to DNA mismatches 
with high affinity and specificity. These rhodium metalloinsertors bear an expansive aromatic chrysi ligand (chrysi = chrysene-5,6-quinonediimine) which, 
upon mismatch binding, inserts into the DNA duplex from the minor groove and ejects the mismatched bases. These metalloinsertors exhibit differential 
cytotoxicity, preferentially inducing necrosis in MMR-deficient cells over MMR-proficient cells. Their cell-selective differential activity is revealed by both 
an enzyme-linked immunosorbent assay (ELISA) for cellular proliferation and a cell viability assay that measures metabolically active cells. The 
relationship between the differential activity of these compounds and their uptake and subcellular distribution is explored. 
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Dependence of DNA-protein cross-linking via guanine oxidation upon local DNA sequence 

Zitadel Perez, zerepenna@gmail.com, Eric Stemp.Department of Physical Sciences, Mount St. Mary's College, Los Angeles, CA 90049, United States 

Oxidative damage plays a causative role in many diseases. Here we examined how local DNA sequence influences DNA-protein cross-link formation 
induced by guanine oxidation. Oxidative DNA-protein cross-linking was induced via the flash quench technique. Following oxidation of pBR322 DNA by 
flash quench, several restriction enzymes (PpuMI, BamHI, EcoRI) were used to probe for the expected damage at guanine sites. These three 
endonucleases were strongly inhibited by DNA-protein cross-linking, whereas the activity of the AT-recognizing enzyme AseI was unaffected. The % 
inhibition observed for the endonucleases decreased in the order: PpuMI (5'- GGGTCCT -3' and 5'-AGGACCC-3') > BamHI (5'-GGATCC-3') > EcoRI (5'-
GAATTC-3'), consistent with the observed and predicted tendencies for guanine to undergo 1-electron oxidation: 5'-GGG-3' > 5'-GG-3' > 5'-GA-3'. Thus, 
in mixed DNA sequences, the guanine sites most vulnerable to oxidative cross-linking are easiest to oxidize. 
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Luminescent probes for DNA mismatches 

Anna J McConnell, ajmcc@caltech.edu, Jacqueline K Barton.Chemistry and Chemical Engineering Division, California Institute of Technology, 
Pasadena, California 91125, United States 

Mismatch repair deficiency has been implicated in a number of diseases, such as cancer, and DNA base mismatches accumulate when mismatch repair 
pathways are defective. The metal complex Rh(bpy)2(chrysi)

3+
 has been shown to be selective for DNA base mismatches, and there is interest in 

developing a luminescent analogue in order to diagnose mismatch repair deficiencies in cells. Metal complex conjugates are investigated as potential 
luminescent probes for DNA base mismatches. The conjugate design incorporates a luminescent metal center or covalently attached fluorophore, and a 
large aromatic ligand to exploit metalloinsertion for mismatch selectivity. The luminescence and mismatch selectivity properties of the metal complex 
conjugates are described. 
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Ruthenium complexes for photodynamic therapy that absorb red light 

Erin Wachter, ewa227@uky.edu, Brock Howerton, David Heidary, Edith Glazer.Department of Chemistry, University of Kentucky, Lexington, KY 40506, 
United States 

Current photodynamic therapy approaches to cancer use photosensitizing agents that are activated by light to produce cytotoxic singlet oxygen, limiting 
their utility in hypoxic tissues. To modify the current therapy, oxygen independent ruthenium complexes have been developed. Upon visible light 
activation, the reactive species produce significant damage to plasmid DNA. One drawback of the current model, however, is that the light needed to 
activate these agents is in the blue region of the visible spectrum, and cannot penetrate deep into tissue. Chemical modification of existing ruthenium 
complexes results in a large shift in the absorption spectra to allow for activation by red light. These new compounds are able to produce significant DNA 
damage in the form of cross-links and single strand breaks with >600 nm light. Therefore, these novel compounds could be used for photodynamic 
therapy with the light sources currently used in clinical applications. 
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Toward establishing the mechanism of DNA cleavage by the redox-active ruthenium dimer, [(phen)2Ru(tatpp)Ru(phen)2]
4+

 (P
4+

) 

Cynthia Griffith, cynthia.hennegan@mavs.uta.edu, Shreeyukta Singh, Zachary Breitbach, Ying Zhang, Kenneth Abayan, Frederick M 
MacDonnell.University of Texas at Arlington, Arlington, TX 76019, United States 

In an earlier report, we established that the cationic complex [(phen)2Ru(tatpp)Ru(phen)2]
4+

 (P
4+

) undergoes in situ reduction by glutathione (GSH) to 
form a species that induces DNA cleavage.

1
 We showed that the mechanism of DNA cleavage is not via activation of O2 and, in fact, that the cleavage 

activity of this complex is increased in the absence of O2. We currently postulate that the singly reduced species P
3+

, which contains a radical anion 
localized on the tatpp ligand, abstracts an H atom from the deoxyribose unit in DNA, leading to DNA cleavage. In this paper, we characterize the 
production of unique scission products furfural and possibly 5-methylenefuranone (5-MF) resulting from the oxidation the deoxyribose unit by (P

4+
) at the 
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C5' and C1' positions respectively. We describe our results using GCMS and HPLC analysis of the scission products formed by the degradation of calf 
thymus and PUC 19 DNA, by P

4+
 and GSH under aerobic and hypoxic conditions. 
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Enhanced DNA electrochemistry through improved coupling to the ˊïstack and electrocatalysis 

Catrina G Pheeney, cpheen@caltech.edu, Luis F Guerra, Jacqueline K. Barton.Chemistry, California Institute of Technology, Pasadena, California 
91125, United States 

DNA-modified electrodes, using DNA-mediated charge transfer, allow for the electrochemical detection of perturbations to the ˊ-stack as subtle as 
single-base mismatches. The coupling of the redox reporter to the ˊ -stack is essential for accurate reporting of these subtle ˊ-stack perturbations. 
Covalently tethering Methylene Blue (MB) to DNA through a flexible alkyl linker is shown to yield a redox signal that is DNA-mediated and is 3 fold larger 
than previously employed reporters. The signal enhancement achieved is attributed to MB interacting with the ˊ-stack through intercalation. Intercalation 
of the redox reporter is also shown to be more robust to different buffer conditions and have a higher degree of sensitivity towards ˊ-stack perturbations. 
The sensitivity of these DNA-modified electrodes are even further improved through the application of electrocatalytic signal amplification. The signal 
obtained from MB modified DNA is electrocatalytically amplified by various electron sinks, including ferricyanide and hemoglobin. 
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Development of an electrochemical sensor for microRNA levels 

Eileen R. Smith
1
, ers2152@barnard.edu, Nanette N. Jarenwattananon

2
, Marisa C. Buzzeo

1
.  (1) Department of Chemistry, Barnard College, New York, 

NY 10027, United States  (2) Department of Chemistry and Biochemistry, University of California, Los Angeles, Los Angeles, CA 90095, United States 

Several microRNAs have been linked to the occurrence of cancer, and thus the accurate measurement of these short, regulatory sequences could 
potentially serve as an early marker of disease. We aim to develop a portable electrochemical sensor for the detection of relative miRNA levels in normal 
and diseased cells. Using a combination of surface chemistry and microfluidic technology, our design construct allows for both high-throughput 
screening and quantitative assessment of specific sequences. Hybridization events at thiolated gold surfaces are measured indirectly by the downstream 
electrochemical detection of displaced redox-active tags. Preliminary results of surface-bound competition assays with ferrocene-modified 
oligonucleotides and sample target sequences will be presented. 
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Exploring the structure of photosystem II and multinuclear manganese model complexes 

Jamie A Stull
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92507, United States  (3) Chemistry, University of Florida, Gainesville, Florida 32601, United States  (4) Chemistry, Boston College, Chestnut Hill, 
Massachusetts 02467, United States  (5) Chemistry, University of Michigan, Ann Arbor, Michigan 48109, United States 

The light-driven water-splitting reaction catalyzed by photosystem II (PSII) is a highly efficient process that has been the inspiration for synthetic water-
splitting catalysts. The five-step oxidation takes place at the oxygen evolving complex (OEC) which is composed of a [Mn4Ca] cluster. My project uses 
advanced EPR methods to explore how the structure of the [Mn4Ca] cluster and its proteinaceous and small molecule ligand environment influence the 
distribution of spin about the OEC. This has important implications for rationalizing the molecular mechanism of water oxidation. Several structurally well-
characterized synthetic inorganic multinuclear Mn complexes were also studied and are invoked as models useful in dissecting the myriad magnetic 
interactions within the OEC. 
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Tetramer vs. dimer: The evolutionary significance of the quaternary structure of MnSOD 

Yuewei Sheng
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Manganese superoxide dismutase (MnSOD) is a dimer in bacteria and a tetramer in mitochondria of eukaryotes. In order to investigate the evolutionary 
significance of the transition from dimer to tetramer, two yeast MnSODs, one from Saccharomyces cerevisiae mitochondria (ScMnSOD) and the other 
from Candida albicans cytosol (CaMnSODc), were characterized. ScMnSOD is a tetramer, while CaMnSODc can either be a dimer or a tetramer 
depending on solution conditions. This difference is likely due to distinct hydrogen bonding at the tetramer inferface of ScMnSOD and CaMnSODc. The 
tetrameric structure renders ScMnSOD much more resistance to heat and denaturant than the dimeric structure does to CaMnSODc. Mutations of two 
dimer interface residues caused significant loss of stability, resulting in higher sensitivity to pH, heat and denaturant in the mutant of dimeric CaMnSODc, 
but not in that of tetramric ScMnSOD. Therefore, the tetrameric structure also reinforces the integrity of MnSOD dimer interface. 

INOR 178 

Structure and function of Cu azurin upon interaction with Ag(I) and silver nanoparticles 

Rachel A Gate, rgate@scu.edu, Andrew J Martinolich, Grace Park, Korin E. Wheeler, KWheeler@scu.edu.Department of Chemistry and Biochemistry, 
Santa Clara University, Santa Clara, California 95053, United States 

Although bactericidal effects of Ag(I) and silver NPs are both correlated to displacement of Cu from metalloproteins, the effects of silver nanoparticles 
(AgNPs) on Cu metalloproteins has been surprisingly overlooked. Using azurin as a model system, we use electronic and mass spectroscopy to monitor 
Cu exchange upon interaction with Ag(I) and AgNPs of various sizes. Preliminary results demonstrate that small AgNPs (<40 nm) result in greater 
displacement of Cu(II) in azurin than Ag(I)(aq). And, reduced, Cu(I) azurin is more labile than Cu(II), whether reacting with Ag(I)(aq) or with AgNPs. 
Additional structural studies on Ag(I) azurin species provide insight into metal displacement effects upon azurin structure and reduction potential. 
Insights into the AgNP-metalloprotein interactions is valuable to development of dynamic models of the biological interface of AgNPs and to advance 
applications of AgNPs that require controlled biological activity and cellular targeting. 

INOR 179 

Studies of divalent metal binding in a pH buffer and its analog: N-(2-acetamido)iminodiacetic acid and nitrilotriacetic acid 

S. Kyle Burton, skt35@wildcats.unh.edu, Roy P Planalp.Department of Chemistry, University of New Hampshire, Durham, NH 03824, United States 

Two small molecules were investigated for use as metal buffers, N-(2-acetamido)iminodiacetic acid, and its analog nitrilotriacetic acid. Stability constants 
for metal chelates of these ligands are reported and compared to literature values. Additional studies were conducted to investigate the coordination 
chemistry of these complexes. Understanding the behavior of these chelators in biological applications should be aided with the data presented. 

INOR 180 

Selective oxidation of 8-oxo-guanine by Os(phen)2dppzCl2 as visualized by DNA-protein crosslinking 
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Kelsey R Miller, kelsmill@mymsmc.la.edu, Zitadel A Perez, Eric D.A. Stemp.Physical Sciences, Mount St. Mary's College, Los Angeles, California 
90049, United States 

8-oxoguanine is a common oxidation product in DNA. The metallointercalatorRu(phen)2dppz
2+

 is a guanine-selective oxidizing agent via the flash-
quench technique. Here, we use its osmium analogue to selectivelyoxidize 8-oxoguanine, as visualized by oxidative DNA-protein crosslinking. With the 
3+/2+ couple at 1.15 V for Os(phen)2dppz

2+
, this metallointercalator should be able to oxidize 8-oxo-G (~0.7 V) without oxidizing guanine (~1.3V). In 

DNA containing 8-oxo-G, flash-quench treatment with Os (phen)2dppz
2+

 and Co(NH3)5Cl
2+

 leads to crosslinking with histone, as seen by the chloroform 
extraction and gel shift assays. Furthermore, in gel shift experiments of the oligonucleotide 5'-ATATGATAT8GATATGATAT-3' (8 = 8-oxo-G), flash-
quench treatment with Ru(phen)2dppz

2+
 in the presence of histone leads to a band of intermediate mobility (presumably 1:1 crosslink) and to well-shifted 

material. In contrast, analogous treatment with Os(phen)2dppz
2+

 produces only the band of intermediate mobility, consistent with the presence of only 
one site that is oxidizable by the osmium complex. 
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Solvothermal synthesis and physical characterization of 
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Solvothermal synthesis techniques promote the formation of novel metal-organic compounds using non-aqueous solutions and moderate temperatures. 
The template organic amine ethylenediamine (en) is now widely reported in the literature, but far less is known about the chemistry that can be achieved 
when using more structurally complex solvents. The synthesis of a series of first-row transition metal thiostannates with tris (2-aminoethyl)amine (tren) 
as a solvent has been patterned on the known complex [Co(tren)]2Sn2S6. The novel complexes (tren)2Sn2S6, (tren)2Sn2S6Å2H2O, and [Zn(tren)]2Sn2S6 

have been characterized by single-crystal x-ray diffraction, PXRD and UV/Vis/NIR bandgap measurements. The preparation and physical 
characterization of the Mn, Fe, Ni and Cu analogs has proven more challenging. Progress towards their solvothermal syntheses will also be reported. In 
addition, we are exploring the solvothermal conditions required to prepare a new series of [Sn2S6]

-4
 thiostannate complexes with the template ligand 

diethylenetriamine. 

INOR 182 

Potential photocatalytic properties of some halometallates 

Yana Sivolobova
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Halometallates are currently being studied for their structural diversity as well as for their potential properties that include their use as photocatalysts for 
some reactions that have real-world significance. We have synthesized and structurally characterized some of these materials and have explored their 
photoactivity in the presence of different reactants. Our preliminary results indicate that several of these materials such as Zn(C6H6N4)2(Cl0.91I0.09)[BiI4] 
are photoactive with respect to the degradation of methylene blue. We will present these findings and discuss some relevant features of their structures 
that may be correlated with their photoactivity. 

INOR 183 

Microwave-assisted hydrothermal synthesis of lutetium oxyorthosilicate (LSO) 

Hannah R Anderson, andershr@wclive.westminster.edu, Allison M Rice, Peter M Smith.Department of Chemistry, Westminster College, New 
Wilmington, PA 16172, United States 

Lutetium oxyorthosilicate, commonly referred to as LSO is the most common scintillation detector used in positron emission tomography (PET) scans. 
Currently, the method to produce LSO is known as the Czochralski method, where lutetium oxide and silicon dioxide are combined and melted down at 
extremely high temperatures. The mixture is then pulled into a rod-like shape in order to obtain a large single crystal of LSO from the process. Due to the 
energy intensive process of this method, two new methods have been proposed to synthesize the compound in its powder form. Samples are currently 
being synthesized using hydrothermal techniques in both a microwave digester and conventional oven. The structural characteristics of the resulting 
powders have been analyzed using powder x-ray diffraction (XRD). The goal of this project is to definitively determine any structural differences of the 
LSO produced using the two methods of synthesis. 

INOR 184 

Synthesis of sodium-organic polymers using 4,5-imidazoledicarboxylate 

Natalie Paige Schieber, natalie.p.schieber@vanderbilt.edu, Raj Kishor Vakiti, Cathleen Webb, Bangbo Yan.Department of Chemistry, Western 
Kentucky University, Bowling Green, KY 42101, United States 

Coordination polymers [Na(Hidc)(H2idc)(H2O)2] (1 ) and [Na(Hidc)(H2O)] (2 ) (idc = imidazole-4,5-dicarboxylate ) have been synthesized hydrothermally 
and analyzed by single crystal X-ray analysis. Compound 1 consists of one-dimensional chains of edge-shared {NaO6} octahedral with each sodium 
binds to two idc ligands  
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and compound 2 is a two-dimensional network consisting of chains of corner-shared {NaO4N} polyhedral linked by idc ligands  

 
 
 
. 

INOR 185 

Postsynthetic modification on bifunctional metal-organic frameworks 

Jake A Boissonnault, jboisson@ucsd.edu, Min Kim, Corinne A. Allen, Phuong V. Dau, Seth M. Cohen.Department of Chemistry and Biochemistry, 
University of California, San Diego, La Jolla, California 92093, United States 

Metal-Organic Frameworks (MOFs) are a class of porous materials. To introduce functional groups into MOFs, there are pre-synthetic methods and 
post-synthetic modification (PSM) of the organic ligands. We have studied several examples of solid-state organic transformations on MOFs. In this 
study, ligands were prepared with bromo and amino groups on a single linker. With these, we were able to make MOFs via traditional solvothermal 
conditions. Through PSM, we were able to selectively transform these groups within a single MOF lattice. 
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Synthesis of polytopic verdazyl ligands 

Christopher C Cortez, david.brook@sjsu.edu, Christopher Lo, david.brook@sjsu.edu, David J. R. Brook, Daniel Sun.Department of Chemistry, San 
Jose State University, San Jose, CA 95192, United States 

Pyridyl hydrazones and polypyridines are well known to spontaneously self assemble in the presence of transition metal ions. Verdazyls are free radicals 
that can coordinate metals analogously to pyridine and, unlike typical free radicals; they are stable and can be isolated in ambient conditions. Suitable 
pyridyl substituted verdazyls would thus be expected to self assemble and form a metal cage with the metal cations being present. We report progress 
toward the synthesis of a pyridyl verdazyl ligand with two binding sites for metal ions. By binding two separate metal ions we expect the structure will self 
assemble to form complex structures with up to 8 verdazyls together in a single grid type species 

INOR 187 

Synthesis and structure of new layered oxide solid solutions 

Aisa M Carter, amcarter@uno.edu, Theo Brillatz, Lea Gustin, John B Wiley.department of chemistry and advanced materials research institute, 
university of new orleans, new orleans, la 70119, United States 

Investigating topochemical reaction strategies (e.g. intercalation and ion exchange) has been a primary focus for the manipulation of select layered 
perovskites. A known family of double-layered perovskites, ALaNb2O7 (A = Li, Na, K, Cs), was synthesized using a soft chemical ion exchange of 
RbLaNb2O7 with ANO3 molten salt. Solid solutions, A1-xA'xLaNb2O7 (0 Ò x Ò1.0), were then prepared at low-temperature (<400°C) by exchange reactions 
between the two end-members (x = 0, 1). The structures of these solid solutions, A1-xA'xLaNb2O7, vary as differences in A-cation atomic radii allow the 
perovskite layers to adopt different relative orientations. X-ray powder diffraction was used to determine the lattice parameters of the series A1-

xA'xLaNb2O7 (x = 0, 0.25, 0.5, 0.75, 1) and to discern structural variations as a function of composition. 

INOR 188 

Synthesizing Sr3B2O6:Eu
2+

 using SrB4O7:Eu
2+

 as a precursor 

Troy B Kilburn, kilburnt@cwu.edu, Patrick Orme, Anthony L Diaz.Department of Chemistry, Central Washington University, Ellensburg, Washington 
98926, United States 

Doping Eu
2+

 is challenging in some materials because of the stability of Eu
3+

. An alternative method for doping divalent europium was explored
 
in the 

phosphor Sr3-xB2O6:Eux. Here, samples prepared from SrCO3 and H3BO3 are compared to samples prepared by using SrB4O7:Eu as a precursor. 
Samples prepared using the SrB4O7 precursor had a greater amount of divalent europium than samples prepared by traditional means, based on relative 
emission intensities. Similar methods could be applied to dope divalent europium into compounds that traditionally have only incorporated trivalent 
europium. 

INOR 189 

Bimetallic carbides as fuel cell catalysts 

Gregory R Waetzig, gwaetzig@uwyo.edu, Brian M Leonard.Department of Chemistry, University of Wyoming, Laramie, Wyoming 82070, United States 

In the last 20 years, transition metal carbides have been investigated as replacement materials for noble metal catalysts. Because the starting materials 
for the synthesis of metal carbide compounds are inexpensive and abundant, and the reactivity and stability of the catalysts are both suitable, it is 
possible that these carbide materials can replace noble metal catalysts in fuel cell applications. Moreover, the carbide catalysts are expected to 
constrain carbon deposition and poisoning, therefore increasing the stability and reactivity of the catalyst. We are investigating a variety of bimetallic 
carbide catalyst materials as possible replacements for platinum. Carbides have very high melting points which makes them difficult to synthesize as 
high surface area nanomaterials. To circumvent this problem, we use salt flux reactions to transport the metal from the bulk material to the carbon 
source. This technique allows for composition control and manipulation of electronic and geometric properties of the catalyst. 

INOR 190 

Progress toward incorporating Fe into I-III-VI single source precursors (SSPs) 

Janine L. Elliott, ellijani@isu.edu, Casey W. Johnson, Andrew W. Holland, Joshua J. Pak.Department of Chemistry, Idaho State University, Pocatello, 
ID 83209, United States 
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The investigation of Fe inclusion into I-III-VI Single Source Precursors (SSPs) is extremely beneficial to nanotechnology due to iron's unique 
paramagnetic properties. Nanoparticles produced from Fe bearing SSPs will benefit the development of nanotechnology by possessing semiconductive 
properties with memory capacity. 

Efforts toward the synthesis of (I-III) CuMS2 (M=Fe, Al, In, Ga) nanoparticles are described. The strategies discussed include the synthesis of SSPs 
containing a CuFeS2 core, and partial incorporation of iron through ferrocene substituted ligands. Characterization of the SSPs encompass NMR 
spectroscopy, XRD, elemental analysis, and calorimetry. 

INOR 191 

Molten flux synthesis and characterization of Li2-II-IV-Se4 diamond-like semiconductors 

Kylie M Henline, henlinek@duq.edu, Kimberly A Rosmus, Carl D Brunetta, Jennifer A Aitken.Department of Chemistry and Biochemistry, Duquesne 
University, Pittsburgh, PA 15219, United States 

Diamond-like semiconductors (DLSs) are materials that have crystal structures related to either cubic or hexagonal diamond. One reason that these 
materials are of interest is their potentially useful nonlinear optical properties such as second harmonic generation. Due to their chemical complexity, 
many quaternary DLSs have not been researched thoroughly; however, this composition flexibility can be exploited for physical property tuning. Here, 
new lithium-containing DLSs were synthesized using molten flux syntheses at temperatures ranging from 550 to 750°C. Different ratios of starting 
reagents and various heating profiles were explored in attempt to synthesize the desired products. X-ray powder diffraction of the ground crystalline 
powdered products indicates that one new quaternary material has been prepared thus far. Scanning electron microscopy and energy dispersive 
spectroscopy were used to study sample composition and morphology. Optical diffuse reflectance spectra will also be reported. 

INOR 192 

NKU molecular wire research: The combination of molecular wire and fullerene synthesis to create a polymer with both fullerenes and 
transition metals 

Corinne Basinger, walterske@nku.edu, Keith A Walters.Department of Chemistry, Northern Kentucky University, Highland Heights, KY 41099, United 
States 

The ultimate focus of our research group is to design new devices that utilize the movement of electrons following excitation by light. To achieve this 
goal, our small molecule studies must be expanded into polymeric systems. This poster presents our initial efforts in polymerizing supramolecular 
monomers that involve our substituted fullerene compounds and basic ˊ-conjugated organic systems typically used in polymer design. The inclusion of 
bipyridine systems allows us to also incorporate well-known transition metal chromophores into the polymers. Synthetic and characterization results will 
be presented. Of particular interest is the use of GPC characterization to give us a good idea of the size of our synthesized polymers. 
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NKU molecular wire research: Spectroscopic study of charge transfer in fullerene-containing polymeric organometallic systems 

Kaitlyn Sullivan, walterske@nku.edu, Margaret Powell, Keith A. Walters.Department of Chemistry, Northern Kentucky University, Highland Heights, KY 
41099, United States 

Our group is interested in designing novel supramolecular systems that could be used for photoinduced charge transfer applications. Recently this work 
has expanded into polymeric systems containing our synthesized building blocks. This poster presents recent spectroscopic measurements on several 
subunits and polymers we have synthesized. Presented measurements include absorption, emission (steady-state and time-resolved), emission 
polarization, and transient absorption measurements at various temperatures. Results suggest pronounced charge transfer transitions between the 
different subunits in the polymers, and these transitions could be utilized in systems that could be used in solar cell applications. 

INOR 194 

NKU fullerene research: Spectroscopic study of charge transfer in organometallic supramolecular systems containing novel fullerene-
transition metal building blocks 

Margaret Powell, walterske@nku.edu, Kaitlyn Sullivan, Keith A Walters.Department of Chemistry, Northern Kentucky University, Highland Heights, KY 
41099, United States 

Our group is interested in designing novel supramolecular systems that could be used for photoinduced charge transfer applications. Currently these 
systems fall into two categories: 1) those that unite fullerene/coronene/corannulene and transition metal subunits and 2) those that create extended 
organic structures that surround a transition metal center and allow for their controlled polymerization into linear ñmolecular wiresò. This poster presents 
recent spectroscopic measurements on several subunits of interest to both of these categories. Presented measurements include absorption, emission 
(steady-state and time-resolved), emission polarization and transient absorption measurements at various temperatures. Results will be presented, 
along with an interpretation of the picture they paint for these supramolecular complexes and semi-empirical calculations to support this interpretation. 
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NKU molecular wire research: Design and implementation of ñmolecular wireò building blocks for transition metal/ˊ-conjugated polymer 
synthesis 

Derek Gibbs, walterske@nku.edu, Alexandra Ivers, Alexa Abner, Keith A. Walters.Department of Chemistry, Northern Kentucky University, Highland 
Heights, KY 41099, United States 

The ultimate focus of our research group is to design new devices that utilize the movement of electrons following excitation by light. Part of this goal 
focuses on the design of extended polymer backbones with tethered bipyridine subunits that can easily incorporate a transition metal chromophore into 
the backbone of the ensuing polymer. Ultimately these polymers will incorporate both these transition metal subunits and other moieties that incorporate 
fullerenes, coronenes, and corannulenes as well. This poster examines the synthesis of the repeat unit of our ensuing polymer using several alternative 
synthetic routes. 
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Crystal structure, optical band gap, and thermal analysis of thio-lithium super ionic conductors 
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Lithium sulfides have potential use in lithium battery development due to their high lithium ion conductivity, yet few have been synthesized and 
characterized. Li4GeS4 and Li4SnS4 were synthesized using polychalcogenide flux and/or high temperature solid state methods. The new compound, 
Li4SnS4, is isostructural with the germanium analog, which has been previously published with a = 14.305(4) Å, b = 7.899(2) Å, c = 6.328(2) Å, R1 = 
0.0136 and wR2 = 0.0320 (for all data). The compounds crystallize in the orthorhombic space group Pnma with a structure related to ɔ-Li3PO4 and 
Li3PS4. Rietveld refinement of x-ray powder diffraction data of Li4GeS4 showed a phase pure material with a ɢ

2
 of 5.656 and a Rp of 0.0771. The optical 

band gaps of Li4GeS4 and Li4SnS4 are 4.13 eV and 3.54 eV, respectively. Differential thermal analysis showed that Li4GeS4 and Li4SnS4 are thermally 
stable until approximately 850 

o
C and 920 

o
C, respectively. 

INOR 197 

Towards the ultrafast spectroscopy of heterbimetallic complexes 

Molly R Ryan, mryan@berkeley.edu, Adam D Hill, Charles B Harris.Department of Chemistry, University of California - Berkeley, Berkeley, California 
94720, United States 

To mitigate the environmental effects of CO2, there is increasing interest in catalytic cycles for use in CO2 activation. The early/late heterobimetallic 
complex Co(

i
Pr2PNMes)3Zr(THF) has been shown to oxidatively add CO2 across the Co-Zr metal-metal multiple bond, forming the paramagnetic 

complex (OC)Co(
i
Pr2PNMes)3Co(ɛ-O)Zr(

i
Pr2PNMes); however, this complex has proven to be significantly resistant to attempts to remove the CO and 

complete the catalytic cycle. The relevant complexes have been synthesized to facilitate study of the excited-state dynamics of the system by ultrafast 
time-resolved IR spectroscopy. TR-IR separates metal-to-metal and metal-to-ligand charge transfer states that exist in the system and prevent 
dissociation of the CO; the results of this work should provide guidance in the synthesis of a ligand variant for an effective CO2 activation catalyst. 

INOR 198 

Hybrid frameworks derived from the hydrotris(triazolyl)borate ligand 

Caroline J. Campbell, Matthew R. Dent, Scott A. Steehler, Barbara A. Reisner, reisneba@jmu.edu.Department of Chemistry and Biochemistry, James 
Madison University, Harrisonburg, VA 22807, United States 

We have been investigating the coordination chemistry of the poly(triazolyl)borate ligands in a effort to synthesize new hybrid frameworks. The published 
coordination chemistry of the hydrotris(triazolyl)borate ligand, [BH(trz)3]

-
, has been primarily molecular. By using nonaqueous solvents and solvothermal 

conditions, we have synthesized new hydrotris(triazolyl)borates containing various alkali metal and transition metal cations. We have demonstrated that 
the [BH(trz)3]

-
 ligand is capable of forming new materials with higher dimensionality, including a porous solid. The synthesis, crystal chemistry and 

properties of the ligand and new frameworks will be presented. The apparent role that crystallization conditions play on product dimensionality will also 
be discussed. 

INOR 199 

Structural studies and magnetic properties of the K2RE2Bi2Se9 series (RE=La, Ce, Yb) as potential thermoelectric materials 

Rachel Roesch, roesch4@tcnj.edu, Matthew Kita, kita5@tcnj.edu, Melanie Hutnick, hutnick3@tcnj.edu, Sarah Wehrhan, Valisha Edwards, Vincent 
Wu, Lisa Kennedy, Benny C Chan, chan@tcnj.edu.Department of Chemistry, The College of New Jersey, Ewing, NJ 08628, United States 

A series of compounds, K2RE2Bi2Se9 (RE=La, Ce, Yb), were synthesized using a molten flux, K2Se2, and the elements at 750°C. Single crystal x-ray 
diffraction of these black, small bandgap materials indicated a slight structural transition that resulted in solutions in two different space groups. The 
Lanthanum analog solved in the centrosymmetric Pbam space group, whereas the Ce, Yb analogs solved in the noncentrosymmetric P21212 space 
group. SQUID magnetic studies showed temperature independent paramagnetism (TIP) in all three compounds. The La analog was diamagnetic under 
high fields, while the Ce and Yb analogs exhibited Curie-Weiss paramagnetism. These materials could have the properties required for thermoelectric 
materials: low thermal conductivity and high electrical conductivity. The compounds have complex anisotropic structures composed of heavy elements 
that could potentially disrupt phonon translation. The small bandgap and the presence of TIP could indicate these materials could be intrinsic n-type 
semiconductors. 

INOR 200 

Developing external collaborations at The College of New Jersey using single crystal X-ray diffraction 
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Matthew Kita, kita5@tcnj.edu, Abby O'Connor, Benny C Chan, chan@tcnj.edu.Department of Chemistry, The College of New Jersey, Ewing, NJ 
08628, United States 

The College of New Jersey (TCNJ) acquired a Bruker Apex 2 single crystal X-ray diffractometer from the National Science Foundation Major Research 
Instrumentation program (NSF-0922931). To date, we have established collaborative efforts with institutions including Princeton University, Lafayette 
College, Florida Atlantic University, Messiah College, and University of North Carolina, Asheville. We have been helped to solve structural questions in a 
variety of research areas including iron arsenide superconductors, rare earth based MOFs, and the electrochemistry of monophosphide chalcogenides. 
Other collaborations, particularly from other PUIs, are being sought. We discuss the challenges of collaborating at a predominantly undergraduate 
institution (PUI) where resources can be limited. We believe these collaborations are important to expand scientific knowledge of the TCNJ community 
and other PUIs. 

INOR 201 

#SciFund challenge: Using a crowdfunding model to support science research 

Jeffrey J Bodwin, bodwin@mnstate.edu.Department of Chemistry, Minnesota State University Moorhead, Moorhead, MN 56563, United States 

As budgets from traditional funding agencies shrink and a weak economy limits the funds of non-government sources, scientists must explore alternative 
sources of revenue to support continuing research. In an organized effort to explore the potential for popular support of scientific research, The #SciFund 
Challenge recruited over 200 science researchers in 2011 to participate in a crowdfunding experiment. Although major instrumentation and research 
funding still relies on large grants, there is an ever-growing segment of the scientific research population that can make significant progress with more 
modest support. The participants in the #SciFund Challenge developed proposals and promotional material that take advantage of the power of social 
media to leverage small contributions from large numbers of people into meaningful sums for the support of wide-ranging research. An overview of the 
#SciFund Challenge and results will be presented. 

INOR 202 

Novel chromophores for solar energy applications based on a triazine core 
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This project is part of the Yale Green Energy Consortium that studies the mechanisms of and synthesizes catalysts for photocatalytic water oxidation 
and dye sensitized solar cells (DSSCs) to develop viable alternative energy sources. In this work on DSSCs, a novel acetylacetone (acac) anchor was 
used to form a chromophore that utilized the temperature dependent substitution of cyanuric chloride to attach two azo dyes and the acac anchor onto 
one robust system. Recently, the binding of acac anchors onto a well-defined titanium dioxide surface was elucidated by X-ray diffraction. The 
absorptivity and electron injection into the conduction band of titanium dioxide is being investigated for this compound through UV/Vis and terahertz 
spectroscopy. The solar cell efficiency of this dye will also be examined. Ultimately, other chromophores will be synthesized with an overall goal of 
optimizing absorbance in the visible spectrum by incorporating two different dyes with distinct optical properties. 

INOR 203 

Study of a ferracarborane phosphorescence quenching agent 

Rebecca J. Callahan, rcallah3@slu.edu, Scott S. Graham, Paul A. Jelliss.Department of Chemistry, Saint Louis University, Saint Louis, Missouri 63103, 
United States 

In order to target it for possible biosensor applications, the ferracarborane salt [NHMe3][Fe(3,1,2-C2B9H11)2] has been tested as an agent to quench the 
phosphorescence from the triplet state emission from the tris-bipyridyl ruthenium complex salt [Ru(k

2
-bipy)3][PF6]2. Linear Stern-Volmer plots from 

quenching experiments carried out in acetonitrile at ambient temperatures afforded a large quenching constant, suggesting that the ferracarborane 
complex is a considerably more sensitive quenching agent than the related and more ubiquitous ferrocene and its derivatives. In order to verify whether 
the quenching is static or dynamic in nature, quenching studies have been carried out in diglyme ï a more viscous solvent - at ambient temperatures, 
and in acetonitrile at depressed temperatures (< 0 °C) ï where intermolecular collisions are more restricted. Preliminary experiments suggest that the 
quenching is primarily static. 

INOR 204 

Synthesis and characterization of room temperature ionic liquids from tetrahydrothiophene 

Krista M. Gentry, Krista.Gentry@selu.edu, Brandon W. Mobley, Brandon.Mobley@selu.edu, Stefon Williams, Zhengrong Li.Department of Chemistry 
and Physics, Southeastern Louisiana University, Hammond, Louisiana 70402, United States 

Ionic liquids are organic salts that are liquids at room temperature. A new family of ionic liquids, based on tetrahydrothiophene was synthesized, using 
conventional method (reflux) and ultrasound method. The products were characterized by NMR, and IR spectroscopies and UV-vis spectrophotometry. 
Probe experiments of esterification and Friedel-Crafts acylation using these new ionic liquids as mediums were conducted and compared. The impact of 
ultrasound radiation in production of ionic liquids was discussed. The exploratory experiments in synthesis of alkenebis(tetrahydrothiophenium) iodide 
were also carried out. 

INOR 205 

Size-dependent surface energy loss in nanocrystalline YBO3:Eu
3+

 

Andrew J Lawler
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.  (1) Department of Physics, Central Washington University, Ellensburg, 

Washington 98926, United States  (2) Department of Chemistry, Oregon State University, Corvallis, Oregon 97331, United States  (3) Department of 
Chemistry, Central Washington University, Ellensburg, Washington 98926, United States 

Host-to activator energy-transfer efficiency calculations for nanocrystalline (about 50-500 nm) YBO3:Eu
3+

 indicate measurable energy loss to the surface 
for particles as large as 300 nm. Spectroscopic data describing absorbed and emitted energies were evaluated with published kinetic models and 
indicate size-dependent surface loss, increasing as particle size decreases, with approximately 40% of energy lost to the surface for particles smaller 
than 100 nm. Further research will focus on testing the kinetic models with different host lattices. 

INOR 206 

Studies of phase formation of ilmenite Zn1-x M xTiO3 (M= Co and Mg , 0 < x < 1) from sonochemical method 

James M. Hodges, hodgesj@rider.edu, Feng Chen.Rider University, Lawrenceville, NJ 08648, United States 

The ilmenite structure of ZnTiO3 is very difficult to synthesize due to its narrow temperature stability range. In this study the sonochemical method was 
used to synthesize ZnTiO3 and its related phases Zn1-x M xTiO3. (M= Mg or Co; 0 <x < 1). Systematic high temperature treatments were performed to 
study their stabilities. All samples were analyzed using a Rigaku Powder X-Ray Diffractometer. The ilmenite structure of ZnTiO3 is formed at ~750°C and 
will decompose at 900°C. However, by doping with Mg (0 < x < 0.4), the phase can be stabilized at temperatures greater than 900°C. Ilmenite CoTiO3 
has been produced below 600°C and the doped Zn1-xCoxTiO3 system is currently being investigated. Altering the precursors for these reactions plays a 



40 

 

vital role in the specific temperature at which the ilmenite transition occurs. These factors are being carefully studied in our lab and will be included in our 
presentation. 

INOR 207 

Probing the role of annealing temperature and atmosphere in the lithium ion insertion behavior of V2O5 

Li Zha, zhali@reed.edu, Sibongile M. Malunga, malungas@reed.edu, Stephen W. von Kugelgen, Alex E. Perez, Thomas M. Drane, Margret J. 
Geselbracht.Department of Chemistry, Reed College, Portland, OR 97202, United States 

The lithium ion insertion behavior of V2O5 cathode materials is strongly dependent on the structure and morphology of the sample. Nanoarchitectures of 
V2O5 prepared by sol-gel chemistry reversibly insert up to 6 moles of lithium per mole of V2O5 compared to only 1 mole of lithium per mole of V2O5 for 
dense, crystalline samples. The electrochemical potentials at which lithium ions are inserted also differ depending on the structure of the host material. 
As prepared, V2O5ÅnH2O ambigel films have poorly ordered, nanoribbon morphologies characterized by high surface areas and variable interlayer water 
content. Annealing these V2O5ÅnH2O materials at 300ęC converts the film into crystalline, orthorhombic V2O5 with different electrochemical properties. A 
series of transparent V2O5 films was prepared by sol-gel chemistry and annealed at a variety of temperatures and under different atmospheres. The 
lithium ion insertion behavior of the films was studied by cyclic voltammetry and spectroelectrochemistry in 1 M LiClO4 in propylene carbonate and 
correlated to results from grazing incidence X-ray diffraction and thermal analysis. Results will be presented from these techniques that inform our 
understanding of the nature of the different lithium insertion sites in these V2O5 materials and their evolution with annealing temperature and annealing 
atmosphere. 

INOR 208 

Synthesis of cholesteric liquid crystalline porphyrins 

Joshua C. Kranick, jc28kran@siena.edu, Nick J. DeMarte, nj18dema@siena.edu, Lucas J. Tucker, Jodi L. O'Donnell.Department of Chemistry and 
Biochemistry, Siena College, Loudonville, NY 12211, United States 

Cholesteric liquid crystalline side chains have been tailored to couple with metalloporphyrin cores resulting in the generation of discotic chromophores. 
Efforts are currently focused on increasing yields of the two-step synthesis of the liquid crystal and optimization of microwave-assisted coupling of meso-
tetrakis(4-carboxyphenyl)porphine to the cholesteric branches as well as several liquid crystalline model compounds. The combination of a liquid 
crystal's responsiveness to external stimuli and a porphyrin's ability to sense volatile organics should yield platforms for chemical sensing with the 
flexibility to modulate sensor response by changing the identity of the porphyrin metal center and by modifying either the aromatic ring or odd parity 
spacer of the liquid crystalline component. 

INOR 209 

SHArKs and laser beams: Searching for mixed metal oxides to split water using sunlight 

Elizabeth W. Ogden, ogdene@reed.edu, Li Zha, Sibongile M. Malunga, Erica Deffebach, Margret J. Geselbracht.Department of Chemistry, Reed 
College, Portland, OR 97202, United States 

In 1972, Fujishima and Honda reported the use of TiO2 as a semiconductor photocatalyst to split water using the energy of light. Since that time, 
scientists have been searching for other photocatalytic materials with band gap energies better suited to the solar spectrum and that do not 
photocorrode in aqueous solution. Discovering the ideal photocatalytic material would enable the use of solar energy to prepare hydrogen ñcleanlyò from 
water and provide a carbon-free, renewable source of solar fuel. Towards this ultimate goal, we will present a low-cost way to prepare and screen small 
compositional libraries of mixed metal oxides for photocatalytic activity using a SHArK (Solar Hydrogen Activity Research Kit). This method has been 
applied to identify several compositions in mixed metal oxide libraries with promising photocatalytic responses. Bulk samples were prepared to 
characterize the phases that are present under these synthetic conditions and identify the compound(s) responsible for the photocatalytic activity 
observed in the libraries. 

INOR 210 

VIPEr: Adapt and adopt classroom content from the frontiers of inorganic chemistry 
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47374, United States  (10) Keck Science Department, Claremont McKenna, Ptizer, and Scripps Colleges, Claremont, CA 91711, United States 

The Virtual Inorganic Pedagogical Electronic Resource (VIPEr) is an online teaching community designed to make it easy to bring the latest inorganic 
chemistry research into the classroom. VIPEr (http://www.ioniciper.org) provides implementation notes, supply lists, learning goals, and links to related 
activities like problem sets and test questions. Users can interact with the author of an activity online to discuss tips and modifications and to share 
assessment data. VIPEr makes it easy to bring student-centered learning on topics such as organometallic catalysis and hydrogen storage to your 
classroom. We are seeking to expand our community and our selection of materials on the site by running workshops to introduce inorganic chemistry 
faculty to VIPEr. At these workshops, we discuss the site and also help faculty develop and submit new teaching materials to the site. Additional short 
(1/2 day) and long (5 day) workshops are planned for the summer of 2012. 
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INOR 211 

Synthesis and characterization of novel, metal-containing ionogels 

Anne Hickey, heppley@depauw.edu, Hilary J. Eppley.Department of Chemistry and Biochemistry, DePauw University, Greencastle, IN 46135, United 
States 

Novel, metal-containing ionogels have been synthesized using NiCl2·6H2O, Gd(NO3)3·6H2O, glycine, and pyridine in the ionic liquid EMIM(EtSO4). 
Microwave, bomb, and oil bath were used to heat the reactions, with the microwave reaction providing the most efficient method that also yields the 
highest-quality gels. Gadolinium is present in a trace amount in the gel, and can be replaced with Sm or Tb. Unlike replacing the lanthanides, 
experiments using other transition metals, specifically Cu

2+
, Co

2+
, and Mn

2+
, have not yet yielded a viable gel. Thermogravimetric analysis shows that our 

ionogel is between 50 and 60% ionic liquid, and that decomposition of the gel occurs between 370 and 380
o
C. This is consistent with the decomposition 

of EMIM(EtSO4), which decomposes at 373
o
C. The gel backbone can be isolated by washing the gel to remove the ionic liquid. Progress toward 

understanding the structure of the backbone and the means of its formation will be discussed. 

INOR 212 

Synthesis of nickel(II) complexes with tri-oxime ligands to be oxygen-activating catalysts 

Andre I Doub, douba@xavier.edu, Ariel R. Hall, Craig M. Davis.Department of Chemistry, Xavier University, Cincinnati, OH 45207-4221, United States 

Traditional oxidizing agents (e.g. hexavalent chromium) are costly, carcinogenic, and pose significant environmental hazards. Therefore, it is desirable to 
use molecular oxygen as an alternative oxidizing agent, but the challenge is to develop catalysts which can activate molecular oxygen. Ni(II) complexes 
are unlikely candidates, due to the inaccessibility of higher oxidation states for nickel, but ligands with oxime functional groups can lower the oxidation 
potential. Baldwin and coworkers have synthesized nickel(II) complexes with ligands containing three oxime functional groups, specifically tris(1-propan-
2-onyl oxime)amine (H3TRISOX). 

This study has examined the effects of modifying the polyoximate ligand to form a more sterically shielded complex. Our TRIPHOX ligand substitutes the 
three methyl groups on TRISOX with phenyl groups, while our TRITOX ligand has tert-butyl groups. Oxidations using the complex Ni(H3TRIPHOX)Cl2 
have been carried out with a variety of alcohols in several solvents. The oxidation products were characterized by FT-IR and 

1
H-NMR. 

INOR 213 

Metal complexes formed from dipyyromethene ligands 

Mitchell Malachowski
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Transition metal complexes formed from dipyrromethene ligands are increasingly common. The formation of charge neutral complexes with intense 
absorptions in the visible region of the spectrum has fueled many of these studies as they have interesting spectroscopic properties that can be 
compared to their porphyrin cousins. Complexes of dipyrromethenes have led to numerous metal complexes and they increasingly are finding 
applications as metal organic frameworks. We have made a series of heteronuclear complexes that contain dipyrromethenes bound to copper or cobalt 
that are coupled to ferrocene or ruthenocene or which lead to metal organic frameworks. We report the crystal structures of the complexes and have 
explored the interactions between the metals. 

INOR 214 

Controlled reduction of corannulene: Structural characterization of supramolecular aggregates with alkali metals 

Sarah N. Spisak, Alexander V. Zabula, Alexander S. Filatov, Marina A. Petrukhina, mpetrukhina@albany.edu.Department of Chemistry, University at 
Albany, State University of New York, Albany, NY 12222, United States 

Bowl-shaped polyaromatic hydrocarbons are known to form polycharged anionic species upon reduction with alkali metals. The step-wise reduction 
reactions and aggregation patterns of curved carbanions in solution were the subject of intense investigations. However, no crystallographic studies 
concerning the structures of the resulting bowl-shaped carbanions have been reported until now. Herein, we investigate the solid-state structures and 
coordination properties of the mono- and poly-charged bowl-shaped polyaromatic anions prepared by controlled reduction of corannulene (C20H10) with 
various alkali metals in different solvent media. The X-ray diffraction studies of the resulting products reveal different coordination preferences of alkali 
metal ions, depending on their sizes. Unprecedented sandwich-type supramolecular assemblies were observed for the highly reduced corannulene 
species and lithium ions. The effect of adding multiple electrons to a bowl-shaped polyarene will be evaluated. The data of multinuclear NMR, ESR, and 
UV-vis spectroscopies for the salts of corannulene-based polyanions will also be discussed. 

INOR 215 

Metal chlorides to the rescue: Crystallization of bowl-shaped carbocations with complex inorganic anions 

Cristina Dubceac
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di Siena, Siena, Italy 

The X-ray diffraction characterization of stable non-planar polyaromatic carbocations of the type [C20H10R]
+
 (R = CH2Cl, CH2CH2Cl) with several metal 

chloride counterions has revealed the geometry deformation of the corannulene core and interesting solid state aggregation patterns via ˊ-ˊ stacking or 
ClĀĀĀˊ intermolecular interactions. It was shown that the conformation of the R group, attached to the central five-membered ring of corannulene (C20H10) 
moiety, depends on the environment of the cation in the solid state. The NMR and UV investigations for the series of stable corannulene-based cations 
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with R = CH3, CH2Cl, CHCl2, CCl3, CH2CH2Cl in solution clearly demonstrated various association patterns of carbocations with the solvent molecules. 
The first electrochemical study of this series revealed that interior surface decoration of the corannulene core makes the reduction of the resulting 
cationic species more difficult by about 0.3 V with respect to the parent bowl. 

INOR 216 

Development of pyrazoline-based ligands as selective toxic heavy metal sensors and chelators 

Chandrika P Kulatilleke
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Madison, Wisconsin WI 53705, United States  (4) Department of Chemistry and Biochemistry, Montclair State University, Montclair, New Jersey NJ 
07042, United States 

Lead, and heavy metal poisoning is a major pediatric health problem in the USA, and especially in New York City and the Brooklyn. Our project involves 
design, preparation and characterization of new sensors and chelators for analysis and removal of toxic metal ions such as lead, mercury, and cadmium 
from the environment. We have achieved remarkable progress in this area by developeing a new sensor based on a coumarin ligand that we 
synthesized, which can sense and bind cadmium selectively. The coumarin chromophore fluoresces, when bound to lead and cadmium ions, even at 
very low levels of these toxic heavy metal ions. Presently, studies are underway with a new pyrazoline-based ligand. As a part of our characterization 
study, we resolved the X-ray crystal structure of the pyrazoline-based ligand. The compound exists as a racemic mixture. The results of this X-ray 
structure resolution will be presented. 

INOR 217 

Synthesis and properties of a mixed-valent Co(II)-Co(III) complex with a symmetric non-innocent p-quinone bridging ligand 
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Quinones are ubiquitous in nature and play a central role in vital processes like cellular respiration and photosynthesis.
[1]

 Because of their excellent 
electron transfer properties they are often found in combination with transition metal centers in biological systems. Dihydroxybenzoquinone (DBQ) or 
chloranilic acid were used as non-innocent bridging ligands in dinuclear cobalt complexes.

[2]
 Substitution of the two OH-groups of DBQ by isoelectronic 

NRH-groups
[3]

 allows for the isolation and thorough characterization of a mixed-valent Co(II)-Co(III) system which is formed upon the one-electron 
oxidation of the native Co(II)-Co(II) complex. The redox system is characterized by spectroscopic and magnetic measurements as well as by X-ray 
diffraction on isolated compounds of different oxidation states. 

 

 
 

[1] R. A. Morton, The Biochemistry of Quinones; Academic Press: New York: 1965. 
[2] Joel S. Miller et al., Angew. Chem. Int. Ed. 2009 , 48, 262. 
[3] D. Schweinfurth et al., Inorg. Chem. 2011 , 50, 1150. 

INOR 218 

Ultrafast electron transfer through gold nanoparticles: Ancilary ligand and solvent effects 

Gabriele Canzi, gcanzi@ucsd.edu, Clifford P Kubiak.Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093, United 
States 

Supramolecular mixed valence assemblies exhibiting picoseconds rates of electron transfer are reported. Trinuclear ruthenium clusters of the type, 
[Ru3O(OAc)6(CO)(L)(pyS)] where L= 4-cyanopyridine, pyridine, and 4-dimethylaminopyridine, bound to Au nanoparticles (NPs) are electrochemically 
reduced to form mixed valence nanoclusters. Infrared spectroelectrochemical responses show dynamic coalescence of the ɜ(CO) region, indicating that 
electron transfer between Ru clusters attached via a ˊ-conjugated bridge to NPs occurs on the vibrational timescale. Bloch simulation of IR ɜ(CO) 
spectra gives ket on the order of 10

11
- 10

12 
s

-1
. Ground state electron transfer rates exhibit strong dependence on solvent dynamics. These results 

suggest that solvent dynamics control electron transfer, while solvent reorganization energy, ɚs, is uncoupled with ET rates. This behavior is consistent 
with supramolecular assemblies that lie on the nearly barrier-less, class II/III borderline of mixed valence. 

INOR 219 

2D DOSY NMR as a viable technique for characterization of metallic nanoparticles 

Roger E Park, roebak@gmail.com, Gabriele Canzi, Clifford Kubiak.Department of Chemistry and Biochemistry, UC San Diego, La Jolla, CA 92093, 
United States 

Diffusion ordered spectroscopy is used to determine gold nanoparticle sizes. Traditional characterization of nanoparticles has centered on imaging by 
electron microscopy and plasmon resonance absorption in UV-visible electronic spectra. We present a convenient method to characterize gold 
nanoparticles using diffusion-ordered NMR spectroscopy. 2D DOSY NMR is used to calculate diffusion constants and the diameter of solubilized gold 
nanoparticles capped with 1-dodecanethiol (C12) or 1-octanethiol (C8) in three deuterated solvents. The distributions of nanoparticle sizes strongly 
correlate with transmission electron microscopy, TEM, image analysis. C12 and C8 capped noanoparticle size were found to be 4.6 nm and 2.7 nm by 
TEM as compared to estimates of 4.6 ± 0.3 nm and 2.5 ± 0.1 nm based on 2D DOSY NMR data. This demonstrates that reliable size characterization of 
nanoparticles with NMR active nuclei (1H in this study) in their protective groups (alkane thiols in this study) can be achieved by a widely available NMR 
method (DOSY) in place of electron microscopy. 

INOR 220 

PCET in the mechanism of formate oxidation by [Ni(P2N2)2(CH3CN)](BF4)2 complexes 
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[Ni(P2N2)2(CH3CN)]
2+

 complexes originally developed as hydrogenases are also active electrocatalysts for formate oxidation. The focus of the current 
work is to develop a detailed understanding of the catalytic mechanism, which would aid the design of improved CO2/formate interconversion catalysts. 
Based on a variety of experiments, we propose a mechanism in which the rate-determining step involves a proton transfer of the Ni-O2CH ɓ-H to the 
ligand pendant base, coupled with transfer of two electrons from formate to the Ni center. 

 

 
 

INOR 221 

Photoinduced charge transfer between porphyrins and axially bound diimide acceptors 

Christina J. Hanson, hansoncj@mit.edu, Manolis M. Roubelakis, Bryce A. Anderson, Daniel G. Nocera.Department of Chemistry, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139, United States 

Proton-Coupled Electron Transfer (PCET) is an important mechanistic motif in chemistry that allows for efficient charge transport in many biological 
systems. We seek to understand how the proton and electron motions are coupled. We prepared a bidirectional system that allows us to independently 
tune the system's kinetic and thermodynamic parameters. The target of interest is a biomimetic heme system, which will allow for a detailed mechanistic 
study of the formation of the oxidation states of heme cofactors, particularly Fe(IV). The bidirectional model is prepared using a hangman porphyrin with 
an axially coordinated metal center, and the electron transfer event is triggered by excitation of the porphyrin. To understand the signatures of different 
electron acceptors and binding to the metal center, a redox inactive zinc porphyrin is used to allow for longer excited state lifetimes and well known 
transient signatures. Three diimide acceptors have been coordinated through a pyridine ring to the metal center of the porphyrin, and electron transfer 
was triggered both by excitation of the porphyrin and the acceptor. Lifetimes of the charge separated state were determined using picosecond and 
nanosecond transient absorption. Synthesis of the systems and spectroscopic data are presented. 

INOR 222 

Ground-state vibrational dynamics in Ru3(CO)12 

Samuel M Blau, Anna M Brockway, Jeffrey A Schneider, Alice R Vienneau, Casey H Londergan, clonderg@haverford.edu.Department of Chemistry, 
Haverford College, Haverford, PA 19041, United States 

The metal carbonyl cluster species Ru3(CO)12 is of long-standing interest as a photochemical substrate and as a synthetic precursor: New high-level DFT 
calculations indicate (contrary to other calculations and long-held structural assumptions about this compound) that the typically presented D3h structure 
(a) is actually a transition state between lower-symmetry C2 structures (b) of slightly lower energies. High-quality IR and Raman spectra of Ru3(CO)12 in 
the CO stretching region were collected in solutions of varying solvent polarity, revealing both band splitting and extra bands consistent with a lower-
symmetry structure. Temperature dependence of the IR spectrum additionally suggests dynamic exchange on the IR time scale between spectrally 
distinct populations. The effects of solvent on band positions in the vibrational spectra are substantial, indicating that the CO frequencies are modulated 
by the arrangement of solvent dipoles in the solvation sphere. 

 

 
 

INOR 223 

Design of a high throughput 25-well parallel electrolyzer for the accelerated discovery of CO2 reduction catalysts via a combinatorial 
approach 
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A combinatorial approach for homogenous molecular electro-catalyst screening for CO2 reduction by means of a high-throughput 25-well parallel 
electrolyzer is proposed. The potential catalysts were synthesized in situ by mixing solutions of metal salts and ligands together, and placing it directly 
into the electrolyzer cell. The cell, which incorporates screen printed metal electrodes placed inside a Teflon well block, was then used to perform bulk 
electrolysis. Active catalysts were then screened by three methods: (1) the presence of CO gas in the electrolyzer head space; (2) a pH change of the 
individual solutions from before and after bulk electrolysis due to proton consumption during CO2 reduction; and (3) other physical attributes of the 
solution, such as degradation of the possible catalyst. Of the 25 solutions made, two were selected for further analysis after initial screening. Of the two, 
nickel cyclam, a well-known CO2 reduction catalyst, was correctly identified to be active. 

INOR 224 

Photoelectrochemical hydrogen generation by an [FeFe] hydrogenase active site mimic at a p-type silicon/molecular electrocatalyst junction 

Bhupendra Kumar
1,2

, bkumar@ucsd.edu, Maryline Beyley
3
, Clifford P Kubiak

1,2
, Sascha Ott

3
.  (1) Department of Chemistry and Biochemistry, 

University of California, San Diego, La Jolla, California 92093, United States  (2) Materials Science and Engineering program, University of California, 
San Diego, La Jolla, California 92093, United States  (3) Department of Photochemistry and Molecular Science, Box-503, Uppsala University, Uppsala, 
Sweden 

In the present work we report an inexpensive and robust photoelectrochemical reduction system for the homogenous catalytic reduction of protons to 
hydrogen which consists of an illuminated and biased p-type Silicon (Si) photocathode, an [FeFe] electrocatalyst, and a proton source (HClO4). [Fe2(ɛ-
bdt)(CO)6] (bdt = benzene-1,2-dithiolate) ([FeFe] complex) has reversible reductive electrochemistry and maintains its structural integrity to a large 
extent even in reduced and protonated state. Dithiolate bridged [FeFe] complexes (molecular catalyst for proton reduction) has been 
photoelectrochemically reduced by p-type Si photocathode at potential around 500 mV less negative potential compared to glassy carbon electrode. In 
presence of HClO4, hydrogen generation has been achieved at a photovoltage of 600 mV with a 105 ± 5 % faradaic efficiency. Importance of catalytic 
current density for homogeneous catalysis matching with photocurrent density for semiconductor/liquid junction has been elucidated. 

INOR 225 

Effects of proton relays on the electrocatalytic reduction of CO2 

Frank Mariskal, fmarisca@ucsd.edu, Eric Benson, Clifford P. Kubiak.Department of Chemistry & Biochemistry, University of California, San Diego, La 
Jolla, California 92093-0358, United States 

Several bipyridine ligands with pendant acid/base groups at the 6,6' positions have been synthesized to study the effect of proton relays in the 
electrocatalytic reduction of carbon dioxide using the model system Re(bpy)(CO)3Cl. Synthesis, properties, and reactivity of these complexes will be 
presented. 

INOR 226 

Electrochemical reduction of CO2 by Ni-cyclam 

Jesse D. Froehlich, jfroehli@ucsd.edu, Clifford P. Kubiak.Department of Chemistry, UNIVERSITY OF CALIFORNIA, SAN DIEGO, La Jolla, CA 92093, 
United States 

The homogeneous electro-reducton of CO2 by Ni-cyclam has been studied. The electrochemistry in aqueous, organic and mixtures of solvents has been 
explored. Methylation of the amine protons on the cyclam ring were shown to inhibit the catalytic activity. Proton and CO2 concentration studies were 
also done to further shed light on the homogeneous mechanism. 

INOR 227 

Development of proton-donor scaffolds for the electrochemical reduction of carbon dioxide 

Kyle A Grice, kgrice@ucsd.edu, Clifford P Kubiak.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, California 
92093-0358, United States 

We are exploring the electrochemical reduction of CO2 to energy-dense products such as CO and methanol using homogeneous transition metal 
complexes. Toward this end, we are developing the synthesis of new ligands with pendant proton-relay groups for attachement to transition metals. The 
synthetic efforts, along with characterization of the ligands and metal complexes and their reactivity with CO2 will be described. 

INOR 228 

Electrocatalytic reduction of carbon dioxide to carbon monoxide by Mn(bipy-tBu)(CO)3Br 

Jonathan M Smieja, jsmieja@ucsd.edu, Eric E Benson, Bhupendra Kumar, Clifford P Kubiak.Department of Chemistry and Biochemistry, University of 
California, San Diego, La Jolla, CA 92093-0358, United States 

The electrocatalytic reduction of carbon dioxide to carbon monoxide by an earth-abundant transition metal catalyst is reported. 

INOR 229 

Intermediates and degradation products in the reduction of carbon dioxide using M(bpy)(CO)3Cl 

Eric Benson, eebenson@ucsd.edu, Jonathan Smieja, Clifford Kubiak.Department of Chemistry and Biochemistry, University of California, San Diego, 
La Jolla, CA 92093, United States 

In studying the reduction of carbon dioxide using M(bpy)(CO)3Cl (M=Re, Mn) as a catalyst precursor, we have isolated and characterized several 
catalytically relevant intermediates as well as degradation products. Synthesis, properties, and reactivity of these complexes will be presented. 

INOR 230 

Versatile synthesis of P2N2 ligands for molecular electrocatalysts with pendant bases in the second coordination sphere 

Michael D Doud, mdoud@ucsd.edu, Clifford P Kubiak.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 
92093, United States 

A series of 1,5-diaza-3,7-diphosphacyclooctane (P2N2) ligands with alkyl phosphine substituents have been synthesized via a method which allows for 
improved control of the phosphine substituents on the P2N2 ligands. 

INOR 231 

Electrochemical formic acid reduction at metal electrodes 

Alissa Sasayama, asasayam@ucsd.edu.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093, United 
States 

If CO2 could be electrochemically reduced to fuels using solar power, a cleaner, carbon-neutral energy source could be realized. The reduction of formic 
acid to formaldehyde or methanol is likely a key step on the way from CO2 to liquid fuels, yet little research on this subject has been carried out. In this 
work, over 15 metal electrodes including Cr, Mo, W, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Cu, Ag, Au, Sn, and Pb are tested for their formic acid reduction 
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activities. Results are compared on the basis of the potentials required to reduce formic acid, the resulting current densities, and the Faradaic 
efficiencies of formaldehyde and methanol formation, as determined by gas chromatography. 

INOR 232 

Azulenic self-assembled monolayer films on the Au(111) surface: A comparative study involving isocyano and mercapto junctions 

Brad M. Neal, bmn@ku.edu, Alexander S. Vorushilov, Mikhail V. Barybin, Cindy L. Berrie.Department of Chemistry, University of Kansas, Lawrence, KS 
66045, United States 

Derivatives of azulene, an unusual nonbenzenoid aromatic hydrocarbon, find numerous applications in the design of advanced materials. This 
presentation will address the influence of the junction group's nature on the formation, stability, reactivity, and physicochemical characteristics of 
azulenic self-assembled monolayer (SAM) films on the Au(111) surface. Both isocyano and mercapto ñalligator clipsò can be regioselectively installed 
and induce approximately parallel orientation of the azulenic framework with respect to the surface normal. The films' properties were evaluated by 
various means including surface-enhanced infrared spectroscopy, optical ellipsometry, and conductivity measurements. Characterization of certain 
azulenic molecular films was greatly facilitated by incorporation of ancillary infrared ñspectroscopic handlesò into the structure of the azulenic 
frameworks. In addition, competitive binding of several isocyano- and mercaptoazulenes to atomically flat gold surfaces will be discussed. 

INOR 233 

Direct measurment of ultrafast electron transfer by terahertz spectroscopy 

Jane Henderson
1
, jshender@ucsd.edu, Dan Aschaffenburg

2
, Michael Williams

2
, Charles Schmuttenmaer

2
, Clifford Kubiak

1
.  (1) Department of 

Chemistry and Biochemistry, University of California San Diego, San Diego, CA 92093, United States  (2) Department of Chemsitry, Yale University, 
New Haven, CT 06520, United States 

The frequency of oscillation, or rate of electron transfer, of a singly reduced mixed-valence pyrizine-bridged oxo-centered triruthenium dimer may be 
determined using terahertz resonance absorption spectroscopy. Similar to a classic far-IR result, an absorption in the terahertz region will provide strong 
time-resolved evidence for a picosecond, or ultrafast, rate of electron transfer. This resonance absorption experiment will be the first of its kind and the 
impact of such results will prove monumental when discussing systems whose electronic coupling result in dynamic IR spectra. Further, our results may 
pave way for new experiments to shed light on the previously unexplored region of chemical processes which occur on the picosecond timescale. 

INOR 234 

Developing building blocks for de novo synthesis of the molybdenum cofactor 

David Vaccarello, vaccarellod@duq.edu, Igor Pimkov, Partha Basu.Department of Chemistry and Biochemistry, Duquesne University, Pittsburgh, 
Pennsylvania 15282, United States 

With more than 50 enzymes, pterin-containing molybdenum enzymes constitute an important class of molecules that are essential in life and 
environmental processes such as sulfur detoxification and purine catabolism in mammals. In these enzymes, the molybdenum cofactor (Moco) lies at 
the catalytic heart. In humans, defects in the synthesis of Moco lead to a condition known as Molybdenum Cofactor Deficiency (MCD). Patients with 
MCD typically suffer progressive neurological damage that results in early childhood death caused by a buildup of toxic sulfite that damages the brain 
and other organs. Recently, we have been able to synthesize a new model compound that resembles Moco. In order to make a closer analog of the 
cofactor we have designed a new building block that contains additional components. Herein we describe the design, synthesis and characterization of 
this new building block as a stepping stone towards a more complete analog of molybdenum cofactor. 

INOR 235 

Investigation of the limits of current doubling in metal oxide photoanodes 

Mark J Llorente
1
, mjlloren@ucsd.edu, Clifford P Kubiak

2
.  (1) Department of Materials Science and Engineering, University of California, San Diego, La 

Jolla, CA 92093, United States  (2) Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093, United States 

At a photoanode, a high energy photo-excited hole is capable of oxidizing hydrocarbons. In many organic compounds such as methanol, isopropanol, 
and oxalate, a single oxidation fragments the molecule revealing a radical that can inject an electron into the conduction band of the anode, a process 
called current doubling. TiO2 and other large band gap semiconductors exhibit this phenomenon. In this study, we are probing the fundamental limits of 
current doubling. 

INOR 236 

Dual-emitting semiconductor nanocrystals for ratiometric optical thermometry 

Emily J. McLaurin, mclaurin@uw.edu, Vladimir A. Vlaskin, Daniel R. Gamelin.Department of Chemistry, University of Washington, Seattle, WA 98195, 
United States 

Multishell semiconductor nanocrystals displaying dual emission based on the recently discovered exciton-storage-by-Mn
2+

 mechanism have been 
prepared that show robust photo- and thermal stability while retaining the attractive high thermal sensitivity of simpler first generation materials. Dual 
emission is demonstrated following phase transfer into aqueous media and at temperatures up to 300 °C, making these sensors suitable for 
thermometry in biology or biotechnology. 

INOR 237 

Synthesis, structural determination and larvicidal effects of several ionic dialkylamine triphenyltin oxalates complexes 

George Eng
1
, Geng@udc.edu, Xueqing Song

1
, Jana Hoerner

1
, Chezaray Anjorin

1
, Jose Delao Hernandez

2
, Diane P. McLean

1
.  (1) Chemistry and 

Physics, University of the District of Columbia, Washington, DC 20008, United States  (2) Biological and Environmental Sciences, University of the 
District of Columiba, Washington, DC 20008, United States 

Several ionic ammonium oxalatotriphenylstannate complexes were synthesized by reacting triphenyltin hydroxide with oxalic acid and an appropriate 
dialkylamine in a 1:1:1 ratio. Infrared and nuclear magnetic resonance spectroscopies of the complexes indicated that all the complexes are five-
coordinated monomers in both the solid state and in solution. The tin atom in the anion has essentially a cis-trigonal bipyramidal geometry with one 
carboxylate O atom and one phenyl group in the axial position. The other two phenyl groups and the second carboxylate O atom form the equatorial 
plane. The complexes were evaluated against the 2

nd
 instar of the Anopheles stephensi mosquito larvae. This species of mosquito is responsible for the 

transmission of human malaria. Preliminary toxicity results indicated that the complexes were effective against the larvae, however, the effectiveness 
could not be correlated with the organic group of the amine. 

INOR 238 

Synthesis, structure, and reactions of ruthenium-carbyne complexes 

Marc J. A. Johnson, mjjohnson@anl.gov, Ryan C. Nelson, Erin M. Broderick.Chemical Sciences and Engineering Division, Argonne National 
Laboratory, Argonne, IL 60439, United States 

Straightforward syntheses of four-, five-, and six-coordinate ruthenium-carbyne complexes related to the Grubbs catalysts for olefin metathesis are 
described. Reversible two-electron redox processes that preserve the carbyne unit are discussed. Reactions that interconvert carbene and carbyne 
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complexes are highlighted. Special attention is given to (i) differences attributable to ligation by bulky phosphane vs. N-heterocyclic carbene ligands; and 
(ii) the effects of ancillary chelating ligands. 

INOR 239 

Rhodium(I) disphosphine complexes with pendant amines for proton-coupled electrocatalytic reduction of CO2 

Alyssia M Lilio, alilio@ucsd.edu, Clifford P Kubiak.Department of Chemistry and Biochemistry, University of California- San Diego, San Diego, 
California 92093-0358, United States 

[Rh(P
R

2N
R

2)2](BF4) complexes, where P
R

2N
R

2 is a diphosphine ligand with pendant amines positioned to shuttle protons to and from the metal center, 
have been synthesized and investigated for their use in proton-coupled electrocatalytic reduction of CO2. Systematic modifications of the substituents on 
the ligands were made to tune these complexes for CO2 activation and reduction. Electrochemical and spectroscopic studies will be discussed. 

INOR 240 

Once a nickel chemist, always a nickel chemist? 

Gregory M. Ferrence, ferrence@ilstu.edu, Donieka M. Burris, Tsige Gebreslasse.Department of Chemistry, Illinois State University, Normal, IL 61790-
4160, United States 

In the course of our investigations of the coordination chemistry of pyrazole ligands, we have systematically examined the variation in solid-state 
structure as a function of solvent choice, metal to ligand stoichiometric variation, and crystallization conditions. Additionally we have been examining 
deliquescence and efflorescence of the resulting crystals. This presentation will focus on the single crystal X-ray diffraction analyses of several nickel 
and cobalt complexes incorporating 3,5-dimethyl-1,2-pyrazole ligands. This will include, but is not limited to: the monomeric six-coordinate 
nitratotetrakis(3,5-dimethyl-1,2-pyrazole)cobalt(II) nitrate monohydrate, the monomeric six-coordinate diaquatetrakis(3,5-dimethyl-1,2-pyrazole)nickel(II) 
nitrate, the monomeric six-coordinate diaquatetrakis(3,5-dimethyl-1,2-pyrazole)cobalt(II) chloride, and an asymmetric tetranitratotetrakis(3,5-dimethyl-
1,2-pyrazole)di(cobalt(II)) dimer. 

INOR 241 

Water-soluble flourescent zinc complexes: Potential sensors for hydrogen sulfide in aqueous solution 

Eric C Brown
1
, Noelle A Held

2
, nheld@stetson.edu.  (1) Department of Chemistry and Biochemistry, Boise State University, Boise, Idaho 83709, United 

States  (2) Department of Chemistry, Stetson University, DeLand, Florida 32723, United States 

Hydrogen sulfide (H2S) has long been known as a toxic gas. Increased attention to H2S as a key player in human biology has lead to the need for a 
reliable, biocompatible sensor. The goal of this project is to develop a fluorescence-based, water-soluble H2S sensor that is selective against other thiols 
in solution. Our approach is to form a cationic LZnOR complex, where L is a water-soluble ligand and R is a fluorophore. Upon reaction with H2S in 
solution, we hypothesize that the fluorophore will be displaced by a hydrosulfide group at the zinc site, resulting in an LZn-SH complex and quenching of 
the fluorescent absorbance of the fluorophore. These fluorescent changes could then be used to detect and quantify H2S in an aqueous solution. The 
result is the precursor to a selective, water-soluble hydrogen sulfide sensor with potential applications for quantifying H2S levels in blood samples. 

INOR 242 

Late 3d metal metathesis of metal-alkoxides with amines 

Francisco J. Birk
1
, fbirk@chem.ufl.edu, Tom Cundari

2
.  (1) Department of Chemistry and Biochemistry, University of Florida, Gainesville, Florida 32611, 

United States  (2) Department of Chemistry, University of North Texas, Denton, Texas 76203, United States 

The late 3d metals offer a significant economic advantage over their heavier counterparts and one interest has been using 3d metals for energy 
catalysis, including hydrocarbon functionalization. Three-coordinate late transition metal complexes are stablilzed with ɓ-diketiminates; as an alkoxide, 
these complexes undergo a methathesis reaction with amines to produce metal amines and alcohol. Density functional calculations were done on a 
model system using B3LYP/6-31+(d), with tert-butoxide bonded to the metal and hydrogens on the ɓ-diketiminate. The full system, with 2,6-
diisopropylphenyl bonded to the nitrogens and methyls on the side carbons of the ɓ-diketiminate, was studied using B3LYP/6-31+(d):UFF and was found 
to be comparable to the model system. Different substituents were placed on the ɓ-diketiminate to determine steric and electronic effects on the free 
energy of activation. For these systems, the most thermodynamically favorable metals were nickel and copper. For amines, aniline was the most 
exergonic, followed by ammonia and then adamantylamine. 

 

 
 

INOR 243 

Development of new fluorescent sensors 

Kristine Deibler, deiblerk@duq.edu, Partha Basu.Chemistry and Biochemistry, Duquesne University, Pittsburgh, PA 15219, United States 

The design and synthesis of functional molecules that can serve as a molecular device for sensing metal ions is an area of great potential. Small 
fluorescent molecules are of great interest because of the sensitivity and selectivity. The development of these optical methods of detection are 
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particularly important in the areas of clinical and environmental detection. Molecular fluorescence offers the ability to examine cellular pathways in real 
time. Our approach to the development of new fluorescent sensors stems from a current fluorescent sensor developed in our lab for the detection of 
lead. The modification and examination of this compound's synthetic route will enhance the sensors abilities and lead to the development of new 
sensors. 

INOR 244 

Synthesis of novel capping moieties for increased q value in Gd-hydroxypyridinone (HOPO) chelators 

Anna E. R. Faris, aefaris@gmail.com, Piper J. Klemm, Sylvie L. Pailloux, Kenneth N. Raymond.Department of Chemistry, University of California, 
Berkeley, Berkeley, California 94720, United States 

The field of emerging MRI contrast agents (CA) is motivated by interest in more efficient CA that could be injected in lower quantities but still provide 
high-resolution 3D scans. The most effective CA must have sufficient kinetic stability, high relaxivity, high solubility, and must remain nontoxic during 
excretion. The Raymond group ligands are unique in that they use oxygen donor atoms to chelate Gd(III) or other lanthandes. The oxophilicity of Ln(III) 
allows for fewer ligand coordination sites while maintaining thermodynamic stability and therefore more sites for inner sphere water molecules (q). 
Relaxivity is directly proportional to q value; therefore, it is one of the most impactful parameters to improve. New capping moieties for HOPO chelators 
have been designed, synthesized, and evaluated for higher q values, higher solubility, and increased bioavailability. 

INOR 245 

Mechanism of the luminescence response to capsaicinoids in new EDTA bis-amide Tb(III) chelates 

Christopher G Gulgas, gulgascg@longwood.edu, Cheryl Peck, Daniel Kelley.Department of Chemistry and Physics, Longwood University, Farmville, 
VA 23909, United States 

Lanthanide complexes with ethylenediaminetetraacetic acid (EDTA) bis-amide ligands have been designed and synthesized for detecting capsaicinoids 
in aqueous solution. The Tb(III) emission is drastically augmented upon titration with a model capsaicinoid. Capsaicin is a natural product found in hot 
peppers and has both potent pain-inducing and numbing properties. Capsaicin consists of three functional regions that are important for binding to 
appropriate receptors, allowing it to serve as an interesting target in the design of lanthanide chelates for sensing capsaicin. Current undergraduate 
research focuses on (1) synthesizing new lanthanide complexes for stronger binding of capsaicinoids and (2) spectroscopic studies to understand the 
binding and response mechanisms contributing to the observed responses. A series of new molecules featuring multiple vanilloid units has been 
synthesized to elucidate the mechanism of response observed in the capsaicinoid-Tb(III) system. The spectroscopic studies and synthesis shall be 
presented. 

INOR 246 

Synthesis and characterization of bis-ligated zinc complexes with tridendate ketoiminate ligands 

Kimberly A Gerling
1
, joseph.fritsch@pepperdine.edu, Arnold L Rheingold

2
, Joseph M Fritsch

1
.  (1) Department of Chemistry, Pepperdine University, 

Malibu, CA 90263, United States  (2) Department of Chemistry, University of California, San Diego, La Jolla, CA 92093, United States 

Bis-ligated zinc complexes with tetrahedral or octahedral coordination geometries are often observed with multidentate ligands. Our group recently 
developed a series of tridentate ketoimines bearing pendant quinolyl donors where the substituents on the ketoimine backbone were varied from 
electron donating to electron withdrawing groups. Bis-ligated zinc complexes were prepared through sequential reaction of a ketoimine with diethyl zinc 
and then 2,6-di-tert-butyl phenol under an inert atmosphere glovebox and isolated with precipitation. Complexes with CF3 substituents were stable to air 
and protonated solvents in contrast to their counterparts with electron donating groups on the ketoimine backbone. The bis-ligated zinc complexes were 
characterized with 

1
H, 

13
C, and 

19
F NMR, single crystal x-ray crystallography, and mass spectrometry. Crystallographic studies showed that the 

complexes adopted a distorted octahedral coordination geometry around zinc. 

 

 
 

INOR 247 

Metamorphoses of N-oxide ligands in the presence of copper(II) nitrate 

Danielle R Fantozzi
1
, fantodr08@juniata.edu, Peter Baran

1
, Zdenǝk Tr§vn²ļek

2
.  (1) Department of Chemistry, Juniata College, Huntingdon, PA 16652, 

United States  (2) Department of Inorganic Chemistry, Palacký University, Olomouc, Czech Republic 

Condensation of 2-pyridinecarboxaldehyde N-oxide with 1,2-phenylenediamine yields a bidentate Schiff base, 2-(2-benzimidazolyl)pyridine N-oxide, 
instead of the expected tetradentate Schiff base. However, a corresponding tridentate Schiff base is isolated when sodium hydroxide is used in a 
stoichiometric 1:1 (aldehyde : amine) reaction. The tridentate Schiff base cyclizes to 2-(2-benzimidazolyl)pyridine N-oxide during complexation reactions 
with copper(II) nitrate under various stoichiometries. It is speculated that copper(II) nitrate as the catalyst favors nucleophilic attack of the amino group 
on the imine carbon rather than stabilizing the tridentate Schiff base. In contrast, a complex of copper(II) nitrate with a tetradentate Schiff base has been 
isolated using a templated synthesis in a stoichiometric 2:1:1 (aldehyde : amine : metal) reaction. The resulting ligand is an N-oxide analog of the salen-
like Jacobsen's catalyst ligand. Attempts to isolate the tetradentate Schiff base will open routes to synthesis of other metal complexes that can be tested 
for catalytic activity. 

INOR 248 

Structural comparisons of DIG2tren and DIG3tren complexes with nickel(II) 
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Kevin T. D'Aquilla
1
, kdaquill@haverford.edu, Kayleigh M. Herrick-Reynolds

1
, Glenn P.A. Yap

2
, Robert C. Scarrow

1
.  (1) Department of Chemistry, 

Haverford College, Haverford, Pennsylvania 19041, United States  (2) Department of Chemistry and Biochemistry, University of Delaware, Newark, 
Delaware 19746, United States 

Four-coordinate tripodal ligands (FCTLs) often form complexes with metals in their +2 or +3 oxidation state. With nickel(II), these complexes adopt 
trigonal bipyramidal or octahedral coordination geometries when an auxiliary ligand is present. In this study, we examine and compare the structures 
adopted in complexes of FCTLs DIG2tren and DIG3tren together with nickel(II) and auxiliary acetate ligands. 

 

 
 

INOR 249 

Targeting low-valent group 6 complexes supported by m-terphenyl isocayanides 

Donald S Ripatti, Dripatti@ucsd.edu, Treff B Ditri, Joshua S Figueroa.Department of Chemistry, University of California at San Diego, La Jolla, CA 
95076, United States 

The sterically encumbering m-terphenyl isocyanide CNAr
Mes2

 (Mes = 2,4,6-Me3C6H2 is utilized for the construction of reactive, low valent, coordinatively 
unsaturated group 6 metal complexes. The addition of CNAr

Mes2
 to Cr(CO)3(MeCN)3 in a 3:1 molar ratio generates the Fac-Cr(CO)3(CNAr

Mes2
)3 complex. 

Upon heating this molecule undergoes facial to meridional isomerizaiton, indicating that the mer conformation is the thermodynamic product. The Fac-
Cr(CO)3(CNAr

Mes2
)3 can then be oxidized by I2 in a 1:1 mixture of Et2O and toluene to form CrI3(CNAr

Mes2
)3. Reduction of CrI3(CNAr

Mes2
)3 to target 

Cr(CNAr
Mes2

)3 was achieved Mg
o
 in a THF solution, but ɖ

6
-binding of one of the 2,4,6-Me3C6H2 rings from a CNAr

Mes2
 ligand was revealed by X-ray 

diffraction and solution 
1
H NMR spectroscopy. A Similar ɖ

6
-aryl binding is observed upon the reduction of the analogous Mo I3(CNAr

Mes2
)3 complex 

yielding a stable 18 electron three legged piano stool complex. However, preliminary results suggest that the ɖ
6
-bound Cr(CNAr

Mes2
)3 may possess 

reactivity more akin to a masked 3 coordinate complex. 

INOR 250 

Electronic and structural influences on SOD-like activity of Mn(III) Schiff base complexes 

William Grau, cimmoos@calpoly.edu, Matthew MacKenzie, Samuel Mann, Bryan Lent, Philip J. Costanzo, Chad E. Immoos.Department of Chemistry 
and Biochemistry, California Polytechnic State University, San Luis Obispo, CA 93407, United States 

Metal-based catalysts have proven to be particularly useful in many pharmaceutical and industrial processes. More recently, metal-based catalysts have 
been investigated as mimics of enzymatic functions. In particular, we are investigating catalysts having superoxide dismutase (SOD) activity. Both 
electronic and structural factors can influence the reactivity of these SOD mimics. These factors are being investigated using a systematic modification 
of the ligand environment. A variety of ligands were prepared using simple condensation reactions. This method allowed for the preparation of a ligand 
library with both electronic and structural diversity. These ligands were then used to prepare manganese complexes having superoxide dismutase (SOD) 
activity. The synthesis, characterization, and SOD activity of the manganese complexes will be presented. Comparison of different electronic and 
structural features will be discussed. 

INOR 251 

Synthesis of novel metal-organic aggregates in the ionic liquid ethylammonium nitrate 

Joey Ni, heppley@depauw.edu, Hilary J. Eppley.Department of Chemistry and Biochemistry, DePauw University, Greencastle, IN 46135, United States 

We adapted a literature synthesis of an Er26 compound to the ionic liquid ethylammonium nitrate (EAN). EAN's unique solubility properties lead to 
different solubility of both products and reactants, and thus may lead to new compounds. Erbium oxide, silver iodide, and isonicotinic acid were heated in 
EAN in an acid digestion bomb. Elemental analysis of the resulting pink crystals indicates that the compound is different from that of the literature 
reaction. Single crystal X-ray analysis of these crystals will be presented. In a second reaction, manganese (II) acetate, neodymium nitrate and excess 
benzoic acid were heated in EAN on the bench-top. A microcrystalline brown Mn (III) metal-organic compound containing benzoate was produced. CHN 
analysis of the product indicates that the new Mn (III) metal aggregate is different from literature and could be novel. In both reactions, the water content 
of the EAN proved pivotal in the successful syntheses. 

INOR 252 

Anion binding in cobalt complexes with a tripodal, triguanidine ligand 

Jeffrey A. Schneider
1
, jschneid@haverford.edu, Sarina C. Schwartz

1
, Glenn P. A. Yap

2
, Robert C. Scarrow

1
.  (1) Department of Chemistry, Haverford 

College, Haverford, Pennsylvania 19041, United States  (2) Department of Chemistry and Biochemistry, University Of Delaware, Newark, Delaware 
19716, United States 

The bio-inspired, four coordinate tripodal ligand DIG3tren forms transition metal complexes capable of binding auxiliary ligands (X in figure 1). Anion 
exchange reactions of previously reported [Co(DIG3tren)OAc][OAc] with various NaX or KX salts were compared and showed to proceed most readily 
with X = thiocyanate (N-bound by crystallography), and to a decreasing extent with benzoate > fluoride > chloride > bromide. 
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Figure 1. The structure of [Co(DIG3tren)X][X] complexes. 

INOR 253 

Synthesis and characterization of Ni(II) complexes containing bulky dialkyl biaryl phosphine ligands 

Daniel Kaplan, kaplan28@tcnj.edu, Katherine R. McGarry, Abby R. O'Connor, Benny C. Chan.Department of Chemistry, The College of New Jersey, 
Ewing, NJ 08628, United States 

The polymerization of alkenes and dienes has been examined with a variety of different cationic (allyl)Ni(II) compounds. However, limited progress has 
been made towards the living polymerization of dienes and alkenes as well as copolymerization of these monomers with polar monomers. We are 
interested in exploring these avenues by synthesizing new Ni(II) complexes containing bulky biaryl phosphine ligands. Nickel complexes containing 
bulky dialkyl biaryl phosphine ligands have been synthesized. The lower pendent ring of the biaryl moiety exhibits weak coordination to the metal center. 
Variations of the alkyl groups on phosphorous and the substituents on the biaryl ring have been explored to investigate the hemilability of the pendent 
arene group. These changes will impact the electronics and sterics at the metal center and thus the reactivity. The preparation, characterization, as well 
as reactivity for this library of Ni(II) complexes is discussed. 

INOR 254 

Bdippza: Synthesis and metal complexes of a new [N2O] heteroscorpionate ligand 

Benjamin M. Kriegel, Suzanne E. Sherman, sherman@ncf.edu.Division of Natural Sciences, New College of Florida, Sarasota, FL 34239, United States 

The new tridentate, monoanionic [N2O] heteroscorpionate ligand, bis-3,5 diisopropylpyrazol-1-ylacetate (bdippza), has been prepared. Zinc complexes 
containing this ligand have been structurally characterized by single crystal X-ray diffraction, and 

1
H and 

13
C NMR spectroscopy. A magnesium complex 

has also been characterized. Structural information and the synthetic methods involved will be presented, as well as possible applications in synthetic 
modeling of the active sites of metalloenzymes and metal-activated enzymes such as the ubiquitous enzyme rubisco. 

INOR 255 

Synthesis and investigation of heterobimetallic Co/Zr complexes with mixed phosphinoamide donor sets 

Alexandra De Denko, adedenko@brandeis.edu, Subramaniam Kuppuswamy, Rhea McCullough, Christine M. Thomas.Department of Chemistry, 
Brandeis University, Waltham, MA 02454, United States 

Recently, our group has investigated a series of heterobimetallic Co/Zr complexes and the effect of dative metal-metal interactions in these complexes 
on redox potentials and reactivity toward small molecule activation. These previously studied complexes are comprised of three identical 
phosphinoamide linkers to provide a three-fold symmetric scaffold. Different phosphine and amide substituents have been found to lead to dramatically 
different electronic properties and reactivity. We have now turned our attention to mixed donor sets and will discuss the effects of such substituent 
variation on metal-metal interactions and reactivity. 

INOR 256 

Use of a metal-coordinating diketone bearing a propargyl group in ñclickò chemistry 

Ashley A. Holland, ashley.holland@vikings.berry.edu, Matthew B. Summerlin, Kevin R. Hoke.Department of Chemistry, Berry College, Mt. Berry, 
Georgia 30149, United States 

The reaction of alkyne and azide groups to form a covalent linkage through ñclickò chemistry is widely used to derivatize and label a variety of targets, 
from metal surfaces to biomolecules. We are investigating the utility of 7-octyne-2,4-dione as a propargyl-bearing ɓ-diketone to coordinate transition 
metals directly, as well as its incorporation in Schiff base ligands of the ñacacenò type. We have found that the reported synthesis and purification of this 
particular propargylated acetylacetone to be straightforward, and have used it to make an acacen-type ligand. We have also investigated a variant 
bearing a propargyl group at the middle carbon of acetylacetone. We have characterized these compounds using NMR and GC-MS and are using them 
to modify gold surfaces bearing ɤ-azidoalkanethiols. The modified electrodes have been treated with a variety of metal cations (cobalt, manganese, 
vanadyl) to provide different electrochemical reponses. 

INOR 257 

Synthesis, characterization, electronic and acid/base properties of [Ru(phen)2(bpy(OH)2)]
2+

 (phen = 1,10-phenanthroline, bpy(OH)2 = 4,4'-
dihydroxy-2,2'-bipyridine) 

Matthew J. Kasher, matthew.kasher@villanova.edu, Jared J. Paul.Department of Chemistry, Villanova University, Villanova, PA 19085, United States 

Polypyridyl complexes, including bipyridyl and phenanthroline complexes of ruthenium have been extensively researched for their photocatalytic and 
electron transfer properties. These complexes can be readily synthesized and studied using IR and UV/Vis spectroscopy as well as electrochemistry. 
The complex [Ru(phen)2(bpy(OH)2)]

2+ 
(phen = 1,10-phenanthroline, bpy(OH)2 = 4,4'-dihydroxy-2,2'-bipyridine) has been synthesized. This complex will 

give insight to the behavior of phenanthroline complexes of ruthenium while also having two available protonation/deprotonation sights to explore pH 
dependent properties of the complex. The complex demonstrates significant pH-dependant shifting in MLCT absorbance, indicating a complex with 
properties heavily dependent on the protonation state of the dihydroxy-bipyridine ligand. The bis-phenanthroline complex shows MLCT maxima at low 
pH (pH = 1.0) of 432 nm and 454 nm that shift to 434 nm and 480 nm at high pH (pH = 13.0) in water. Further study into pH-dependent spectral and 
electrochemical properties of the complex will be reported. 

INOR 258 

Synthesis of a tripodal Schiff base/pyridine ligand for gadolinium(III) complexation 
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Melanie P. Madsen, mmadsen@spartans.ut.edu, Eric J. Werner.Department of Chemistry, Biochemistry and Physics, The University of Tampa, Tampa, 
FL 33606, United States 

Gadolinium(III) complexes are widely used commercially as magnetic resonance imaging (MRI) contrast agents. The current commercial Gd(III) 
complexes function by shortening the proton relaxation times of nearby water protons; however there remains room for improvement with regard to this 
effect. The goal of this study is to develop a new ligand for Gd(III) based on a tripodal Schiff base/pyridine chelating scaffold. To confirm the presence of 
the desired product the synthesized ligand and metal complex have been analyzed with IR, UV-Vis, fluorescence, and NMR spectroscopy. Complexes of 
other Ln(III) metals, such as europium, have also been prepared for characterization purposes and gaining insight into the parameters that influence 
proton relaxation in the Gd(III) analog. Chelate stability and preliminary proton relaxation enhancement studies have also been conducted and will be 
discussed. 

INOR 259 

Coordination chemistry of strong field isocyanide ligands on octahedral Fe6N12 clusters 

Douglas A Reed, dareed@fas.harvard.edu, T. David Harris, Theodore A Betley.Department of Chemistry and Chemical Biology, Harvard University, 
Cambridge, MA 02138, United States 

The coordination chemistry of strong-field isocyanide ligands and their effects on core volume, electron density, and ligation patterns in octahedral Fe6 
clusters of the form [(

H
L)2Fe6(CNR)6]

n+
 (n = 2ī4), where [

H
L]
6ī

 is a hexaamide ligand, is presented. Single-crystal X-ray diffraction, 
57

Fe Mössbauer 
spectroscopy, and SQUID magnetometry reveal an expanded Fe6 core volume and greater electron donation into the core. Cyclic voltammograms of the 
clusters exhibit shifts of redox events towards more cathodic potentials with respect to weak-field ligand environments. In addition, all clusters, 
regardless of oxidation state, each feature six bound isonitrile ligands, in stark contrast to their weak-field analogues. Finally, treatment of coordinatively 
unsaturated Fe6 clusters with ditopic mixed nitrile-isonitrile ligands results in exclusive binding of isonitrile sites to the metal centers, leaving the nitrile 
substitutents uncoordinated. Work is underway to employ these clusters as building units for redox-active high-nuclearity magnetic clusters and porous 
coordination solids. 

INOR 260 

Substituent effects on the chemistry of dioxovanadium(V) complexes 

Nicholas R Lessnau, NRL10@albion.edu, Vanessa P McCaffrey.Department of Chemistry, Albion College, Albion, Michigan 49224, United States 

Oxovanadium complexes are of interest to scientists because of their applicability and usefulness in a wide range of biological and industrial processes. 
Schiff-base ligands are versatile ligands because of their ease of synthesis and purification. In addition, they are easily functionalized with a wide range 
of substituents. In this work, substituted salicylaldehydes were reacted with semicarbazide to make semicarbazone ligands that were coordinated with 
vanadium to form dioxo(semicarbazone)vanadium(V) complexes. These complexes with varying functional groups  

 
 
 
were characterized through 

1
H NMR, FTIR-ATR spectroscopy, UV/Vis spectroscopy, and cyclic voltammetry. Reduction rates of the dioxovanadium 

complexes were monitored through UV/Vis spectroscopy in the presence of organic compounds possessing antioxidant properties (ascorbic acid or 
resveratrol). Correlations between electrochemical properties and reduction rates of these compounds will be described. 

INOR 261 

Exploration of nickel (II) bis-isocyanide complexes 

Alexander L Estrada, alestrad7@gmail.com, Joshua S Figueroa.Chemistry and Biochemistry, University of California San Diego, La Jolla, California 
92093, United States 

Analogous to the carbon monoxide ligand, isocyanides are well known as ˊ-acidic ligands. Like carbon monoxide, this feature of isocyanide ligands 
creates stronger metal-ligand bonds, preventing them from being easily substituted. Unlike carbon monoxide, isocyanide complexes allow for different 
groups to be attached at to the nitrogen group. This research employs the sterically encumbering CNAr ligand [Ar = 2,6-(2,4,6-Me3C6H2)2C6H3] to form a 
steric shield around the metal center. This shield helps to stabilize unusual electronic configurations about the metal center while also preventing over-
coordination so that low-valent, low-coordinate complexes may be isolated and studied. Presented are attempts to form and stabilize a NiCl2(CNAr

Mes2
)2, 

Ni(OR)2(CNAr
Mes2

)2 or a Ni(NR2)2(CNAr
Mes2

)2 compound for structural and electronic comparison with NiI2(CNAr
Mes2

)2 and NiBr2(CNAr
Mes2

)2. Also 
presented are UV-Vis studies of the intermediates in the Ni(CNAr

Mes2
)3 synthesis which were meant to help gain a better understanding of an 

unsupported Ni-Tl reverse-dative interaction. 

INOR 262 

Self assembled grids based on verdazyl radical ligands 

Christopher C Cortez, david.brook@sjsu.edu, Christopher Lo, david.brook@sjsu.edu, Daniel Sun, David J. R. Brook.Department of Chemistry, San 
Jose State University, San José, CA 95192, United States 

Pyridyl hydrazones and polypyridines are well known to spontaneously self-assemble in the presence of transition metal ions. Verdazyls are free radicals 
that can coordinate metals analogously to pyridine and, unlike typical free radicals; they are stable and can be isolated in ambient conditions. Suitable 
pyridyl substituted verdazyls would thus be expected to self-assemble and form a metal cage with the metal cations being present. We report progress 
toward the synthesis of a pyridyl verdazyl ligand with two binding sites for metal ions. By binding two separate metal ions we expect the structure will 
self-assemble to form complex structures with up to 8 verdazyls together in a simple grid type species. 

INOR 263 

Synthesis and characterization of new molybdenum (VI) imido complexes with N-salicylidene-2-aminothiophenol 

Joseph G Sinnwell, sinnwell@grinnell.edu, Ilia A Guzei, Martin Minelli.Department of Chemistry, Grinnell College, Grinnell, Iowa 50112, United States 

Three di-imido and 3 mono-imido molybdenum (VI) complexes containing the tridentate N-salicylidene-2-aminothiophenol (sma) ligand were 
synthesized. The synthesis and characterization of the novel mono-imido complex, Mo(2,6-diisopropylphenylimido)sma(benzene-1,2-dithiolate), allows 
for analysis of an entire mono-imido series with the sma ligand and comparison with the similar N-salicylidene-2-aminophenol (sap) series. X-ray 
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structural analysis of the new complex reveals equatorial-equatorial binding of the dithiolate ligand with respect to the imido group. This complex, and 
another mono-imido complex, Mo(2,6-diisopropylphenylimido)sma(2-mercaptophenolate) were analyzed by cyclic voltammetry and show one reversible 
and one irreversible reduction. A third mono-imido species, Mo(2,6-diisopropylphenyl imido) sma (2-aminophenol), was synthesized but could not be 
isolated. All complexes, including the di-imido Mo(2,6-diisopropylphenylimido)2sma, Mo(2,4,6-trimethylphenyl imido)2sma and Mo(2,4,6-tribromidophenyl 
imido)2sma complexes were characterized by 

1
H NMR spectroscopy. Progress towards a molybdenum imido sma alkylidene complex has also been 

made with the synthesis of a molybdenum imido alkylidene di-triflate complex. 

INOR 264 

Efforts towards the template synthesis of novel hydrogen bonding chelates using Tris(3-aminopyrazole)ZnBr2 

Lee Serpas
1
, ls637@drexel.edu, Ismael Nieto

1
, Matthias Zeller

2
, Elizabeth T. Papish

1
.  (1) Department of Chemistry, Drexel University, PHILADELPHIA, 

PA 19104-2424, United States  (2) Department of Chemistry, Youngstown University, Youngstown, OH, United States 

We are interested in applying template synthesis to the formation of new scorpionates that offer hydrogen bonds near the metal center. The synthesis of 
tris(pyrazole)zinc halide salts are known in the literature, but not much is known on whether new reaction pathways can be established with these salts. 
One such reaction pathway is template synthesis, a reaction involving the activation of the pyrazole ligands by zinc coordination and then linking them to 
an atom or group. This reaction pathway can lead to the formation of metal complexes coordinated to new pyrazole based chelates. For our study, we 
used the ditopic salt, tris(3-amino-pyrazole)ZnBr2, and performed a series of reactions to determine if template synthesis on this salt is successful. Our 
future goal is to develop new complexes of zinc and other metals containing hydrogen bonding groups near the metal center in chelates that are linked 
by B and/or C atoms. 

INOR 265 

Magnetic coupling and crystal structures of substituted bis-phenoxy-bridged dicopper(II) macrocyclic complexes 

Chris R. Omerza
1
, Nicholas W. C. Herrman

1
, nwh11@albion.edu, Dong Guo

2
, James K. McCusker

2
, Vanessa P. McCaffrey

1
.  (1) Department of 

Chemistry, Albion College, Albion, MI 49101, United States  (2) Department of Chemistry, Michigan State University, East Lansing, MI 48824, United 
States 

Molecular magnets have been a very popular topic of research recently due to their potential applications in information storage, optoelectronics, and 
switching devices. However, before these materials can be used in these applications, a thorough understanding of how both structural and electronic 
perturbations affect magnetic exchange is needed. In order to systematically probe electron effects, a series of bis-phenoxy-bridged dicopper 
macrocyclic complexes was synthesized to determine the correlation between Hammett parameters of the substituent and the magnetic coupling of the 
compound. In addition to variable-temperature magnetic susceptibility measurements, crystal structures of the copper complexes will be presented, as 
well as a discussion on the synthesis of the complexes. 

INOR 266 

Use of 3-methylcatechol as a model compound for urushiol 

Andrew Ickes, aickes22@gmail.com, Chelsea Homes, Peter Baran.Department of Chemistry, Juniata College, Huntingdon, PA 16652, United States 

Urushiol, an allergen found in poison ivy and several other plants, interacts with skin cell receptors causing an irritation which would otherwise be 
harmless. Urushiol is a mixture of several dozens of compounds with similar composition featuring 3-substituted catechols. 3-Methylcatechol is a much 
simpler and cheaper analog of the active components of urushiol and is used in our studies as a model compound for mimicking urushiol. Metal 
coordination complexes with 3-methylcatechol were studied in order to understand if urushiol can be inactivated before it penetrates the skin. A dark 
insoluble solid forms when iron(II) and copper(II) salts combine with 3-methylcatechol. In an effort to yield soluble ternary complexes which might 
inactivate urushiol upon contact and would allow to decontaminate skin, other ligands, such as 2,2'-bipyridine or 1,10-phenanthroline, were included into 
syntheses. Complexation reactions with natural active components of urushiol obtained directly from the poison ivy plant will also be discussed. 

INOR 267 

Methodical study of metal-phenolic complexes in wine 

Chelsea Homes, chelseahomes22@gmail.com, Peter Baran.Department of Chemistry, Juniata College, Huntingdon, PA 16652, United States 

Metals play a large role in the overall composition of wine. Within the wine matrix, metals form complexes with different ligands present such as organic 
acids, phenols, alcohols, and sugars. These complexes have direct effects on the overall perception of the wine adding to its aroma, flavor, and 
appearance. While it is know that metal complexes exist within the wine, the exact species are not known. Results from complexation of phenolic 
compounds quercetin, hesperidin methyl chalcone, umbelliferone, esculetin, and naringenin with metal salts of iron, copper, zinc, lead, aluminum, and/or 
magnesium will be discussed as our contribution to the understanding of complex composition and complexation equilibria present in wine. 

INOR 268 

Utilizing ñclick chemistryò to incorporate MnSOD mimics into polymer scaffolds 

Samuel Mann, cimmoos@calpoly.edu, William Grau, Matthew MacKenzie, Mallory McMahon, Chad E. Immoos, Philip J. Costanzo.Department of 
Chemistry and Biochemistry, California Polytechnic State University, San Luis Obispo, CA 93407, United States 

ñClick chemistryò is an efficient methodology that mimics nature's efficiency in creating macromolecules through combination of various small molecules. 
These reactions have shown tremendous efficacy in polymer modification due to their high selectivity and predictable outcomes. These reactions are 
being utilized in the preparation of polymers containing covalently attached metal catalysts. A Cu

I
 catalyzed 1,3 dipolar cycloaddition between an azide 

and a terminal alkyne, is being employed to prepare ligand systems, in which the 1,2,3-triazole is an integral part of the resulting catalyst. Polymers 
containing immobilized Mn Schiff base compounds are being utilized to investigate the factors that influence superoxide dismutase activity in enzymes. 
The synthesis, characterization, and reactivity of these metal-containing polymers will be presented. The influence of polymer molecular weight and 
catalyst loading on reactivity will also be discussed. 

INOR 269 

Progress towards synthesizing a water-soluble copper (II) guanine 3-N-oxide complex 

Keith G Hilferding
1
, hilfekg08@juniata.edu, Peter Baran

1
, ZdenŊk Tr§vn²ļek

2
.  (1) Department of Chemistry, Juniata College, Huntingdon, 

Pennsylvania 16652, United States  (2) Department of Inorganic Chemistry, Palacky University, Olomouck, Czech Republic 

Purines and their N-oxide derivatives have shown biological activity that makes them promising anti-cancer agents.It has been shown that this biological 
activity increases upon coordination, but there are some purine N-oxides that have not been biologically tested. With this in mind, two copper complexes 
containing guanine 3-N-oxide (L), (H3O)[Cu3(µ3-L)2(µ-Cl)(µ-OMe)(OMe)Cl4]Ā6H2O and (H3O)[Cu3(µ3-L)2(µ-H2O)(µ-Cl)Cl6]Ā3H2O, were synthesized and 
characterized using X-ray diffraction techniques. Progress towards the synthesis of water soluble analogues of these complexes, for use in biological 
testing, will be presented. 

INOR 270 

New metal coordination platforms on small peptides 
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Kang Du, k1du@ucsd.edu, Robert J. Radford, Faik A. Tezcan.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, 
California 92093, United States 

In this project, we aim to engineer alpha-helical peptidic scaffolds containing stable, functional metal coordination sites that mimic large metalloenzymes. 
These scaffolds are based on Hybrid Coordination Motifs (HCMs) that are composed of a natural coordinating amino acid (e.g. histidine), and an 
inorganic bidentate ligand 7 residues away on the helical surface. HCMs can accommodate several first row transition metals with affinities as high as 
pM-fM, resulting from the chelate effect. Here we describe the utilization of the HCM to helically fold and functionalize short peptides as short as 10 
residues. Metal coordination on these metallopeptides can be readily tuned to yield useful catalytic and spectroscopic properties, while the peptide 
scaffold provides biological target capability. 

INOR 271 

Structures and properties of copper(I) complexes of tridentate heteroaromatic-imine and heteroaromatic-amine ligands 

Zachary D Remillard
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, zacremillard@gmail.com, Sara A. Turner

1
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, cgoh@williams.edu.  (1) Department of Chemistry, Williams College, Williamstown, MA 01267, United States  (2) Department of Chemistry, 

University of Massachusetts at Amherst, Amherst, MA 01003, United States  (3) Department of Chemistry, College of William and Mary, Williamsburg, 
VA 23187, United States 

We have investigated the structures and properties of several closely related copper(I) complexes of tridentate heteroaromatic-imine and 
heteroaromatic-amine ligands. Small changes in the ligand framework resulted in solid state structures of different nuclearities and ligand binding motifs. 
NMR, mass spectroscopic and electrochemical analyses were used to gain insights into the structure of these complexes in solution. 

The use of these copper(I) complexes in mediating the controlled radical polymerization of styrene was explored, and correlations between the 
properties of complexes and their efficiencies in mediating ATRP are presented. 

INOR 272 

Towards small molecule activation using heterobimetallic complexes: Electron donating properties of phosphinoamide ligands 

Ariel S Hyre, ahyre13@brandeis.edu, Christine M Thomas.Department of Chemistry, Brandeis University, Waltham, MA 02454, United States 

Our group has recently been exploring heterobimetallic complexes linked by phosphinoamide ligands. Variations in N and P substituents have led to 
differences in both the structure and reactivity of these compounds. To study the electronic properties of our phosphinoamide ligands, phosphinoamine 
molybdenum carbonyl complexes were synthesized. IR and CV data were collected for each complex and compared, allowing us to rank these ligands 
according to electron-donating ability. 

INOR 273 

Synthesis of macromolecular gadolinium hydroxypyridinone (HOPO) complexes as magnetic resonance imaging (MRI) contrast agents 

Michelle N. Keyser, mkeyser@berkeley.edu, Piper J. Klemm, Sylvie L. Pailloux, Kenneth N. Raymond.Department of Chemistry, University of 
California, Berkeley, Berkeley, California 94720, United States 

Commercial MRI contrast agents (CA) struggle with low relaxivity, requiring gram quantity injections to obtain a signal. CA can be improved through 
increasing molecular weight, increasing the number of inner sphere water molecules coordinated to the metal center (q), and increasing water exchange 
rate. These parameters must be improved without sacrificing solubility, bioavailibility, rapid renal clearance, and kinetic stability. Hexadentate Gd-HOPO 
complexes maintain high stability through the six oxygen donor chelating atoms, while allowing a relaxivity increase of 2-3 fold with a q = 2-3. Molecular 
weight is increased through a short, rigid linker to a macromolecule, such as a gold nanoparticle. A short, rigid linker allows the Gd(III) center local 
motion to be slowed as much as possible by the macromolecule global motion. With these parameters improved, a high relaxivity contrast agent has 
been synthesized while maintaining biological parameters. 

INOR 274 

Recent development in design, and synthesis of new HOPO in the goal to improve the solubility and the kinetic stability of an already 
remarkable family of small molecule 

Marisa Hom, mhom@berkeley.edu, Sylvie Liliane Pailloux, Piper J Klemm, Kenneth N Raymond.Department of Chemistry, University of California, 
Berkeley, Berkeley, California 94720, United States 

Magnetic resonance imaging (MRI) is a clinical standard for detecting abnormalities in soft tissue. Current commercial MRI contrast agents (CA) are 
polyaminocarboxylate-based chelates, such as Gd-DOTA Gd-DTPA producing images with limited contrast that required large injections of agent. Low 
relaxivity of these complexes arises from their slow water exchange rates, fast molecular tumbling, and the presence of only one water molecule per 
complex. The Raymond laboratory has been working on refining MRI CA using hexadentate hydroxypyridinone (HOPO) ligands, enabling the 
coordination of 2-3 water molecules to the Gd(III) center. Conjugation to a macromolecule improves per Gd(III) relaxivity by reducing the molecular 
tumbling. Recent concern about the kinetic stability of Gd-DTPA has reoriented our research of Gd-HOPO toward kinetically inert structures. In this 
poster we demonstrate the design, synthesis and characterization of new Gd-HOPO complexes that will lead to better CA. 

INOR 275 

Transition metal complexes containing tridentate N-heterocyclic phosphenium cations: Synthesis and reactivity 

Zhequan Xu, xuzq616@brandeis.edu, Baofei Pan, Christine M Thomas.Department of Chemistry, Brandeis University, Waltham, MA 02453, United 
States 

The successful synthesis of a chelating pincer ligand incorporating a central N-heterocyclic phosphenium cation (NHP) has opened a promising venue 
for investigating a variety potential coordination chemistry, especially in the field of organometallic catalysis and in comparison to the reactivity of the 
extensively studied N-heterocyclic carbenes (NHCs). The potential to coordinate the NHP ligand to various transition metals and to subsequently 
investigate the capability of these complexes to activate a wide range of small molecules has been of our particular interest. Most recently, efforts have 
been made to coordinate the NHP with group 8 and group 6 metals from corresponding reduced sodium metal salts; examples include iron, 
molybdenum and chromium NHP carbonyl complexes. We will present our latest results, with a focus on synthesizing metal NHP complexes with 
different organic and inorganic moieties and systematically investigate their geometric, electronic and catalytic properties through multinuclear NMR and 
X-ray crystallography. 

INOR 276 

Solid solutions of super-hard metal borides 

Andrew T Lech, alech@ucla.edu, Reza Mohammadi, Christopher L Turner, Sarah H Tolbert, Richard B Kaner.Department of Chemistry, UCLA, Los 
Angeles, CA 90095, United States 

Super-hard (Hv Ó 40 GPa) materials have a wide range of applications -- from abrasives and cutting tools to scratch resistant coatings. Furthermore, 
machining methods known as ñhard-turningò or ñdry-cuttingò have been shown to significantly decrease the waste and environmental impact of metal-
working, but require an inexpensive source of extremely hard tooling. Most superhard materials, however, are synthesized under extreme pressures (Ó 5 
GPa) and temperatures (Ó 1500 ÁC); an expensive and energy-intensive process. We have been actively engaged in exploring the nascent field of 
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refractory metal borides since our initial work on OsB2 and ReB2. These compounds may be synthesized without high pressures or long reaction times 
and yet have been found to range from very hard to super-hard. Recently, we have found that the properties of metal borides may be further improved 
by the formation of solid solutions, often forming a continuous series with their parent compounds. 

INOR 277 

Optoelectronic properties of interfacial thin-films of conducting polymer nanofibers and silver nanowires 

Julio M D'Arcy, jmdarcy@chem.ucla.edu, Richard B Kaner.Department of Chemistry and Biochemistry, University of California, Los Angeles, United 
States 

Organic electronics such as conducting polymers are plastics that conduct electricity and solution processable materials that can be easily developed 
into applications such as sensors, organic solar cells, and transistors. Among the electrically conductive polymers, poly(3-hexylthiophene) and 
polyaniline are attractive nanostructured candidates for applications in organic thin-film transistors and pH based sensors. Here we demonstrate rapid 
and directional interfacial assembly that leads to thin-film architectures and control of optoelectronic properties in transparent coatings of conducting 
polymers. Thin-film deposition is carried out both at the liquid-liquid and liquid-air interface in order to correlate the interfacial environment associated 
with the method of deposition with the electronic behavior of the solid-state film. Transparent and continuously conductive hybrid thin-films of silver 
nanowires and conducting polymer nanofibers are also produced and serve as transparent conductive coatings characterized by high conductivity, high 
environmental stability, and electrochromic behavior. 

INOR 278 

Fabrication of nanopeapods - scrolling of niobate nanosheets for magnetic nanoparticle chain encapsulation 

Yuan Yao, Girija Chaubey, K. G. Sanjaya Ranmohotti, John B. Wiley, jwiley@uno.edu.Department of Chemistry and Advanced Materials Research 
Institute, University of New Orleans, New Orleans, LA 70148, United States 

Syntheses of nanopeapod structures, where spherical molecules or nanoparticles (NPs) are contained within nanotubes, have attracted great attention. 
We present a novel synthetic approach for the fabrication Co-niobate nanopeapods consisting of magnetic Co NPs and scrolled niobate nanosheets 
(NSs). Surfactants on both NPs and NSs play an important role in directing the assembly and NS scrolling. Both single-walled and multi-walled peapods 
can be obtained in this approach. The widths of nanopeapods depend on the diameters of the NPs, which can be readily adjusted by varying reaction 
parameters. 

INOR 279 

Laser printing of flexible graphene-based supercapacitors with ultrahigh power and energy densities 

Maher F El-Kady
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Science, Cairo University, Giza, Egypt  (3) Department of Materials Science and Engineering, University of California, Los Angeles, Los Angeles, CA 
90095, United States 

Supercapacitors have attracted significant attention as energy storage devices due to their high power capability, long cycling life and good operational 
safety. However, commercial supercapacitors are limited by low energy density and low rate capability. Graphene-based materials have proved 
promising as next generation supercapacitor electrodes, because of their large surface areas, large conductivities, and low cost. Here, using inexpensive 
laser technology, a simple process for the production of flexible and all-organic supercapacitors is demonstrated. Unlike commercial supercapacitors, 
these devices show ultrahigh energy density values approaching those of batteries while still maintaining the high power density and excellent cycle 
stability of supercapacitors. Finally, the facile fabrication of flexible all-solid-state supercapacitors with excellent performance durability under mechanical 
stress is shown. This remarkable performance has yet to be realized in commercial devices, making these supercapacitors ideal for flexible portable 
electronics. 

INOR 280 

Superhard solid solutions based on tungsten tetraboride 
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Engineering, University of California, Los Angeles, Los Angeles, CA 90095, United States  (3) California NanoSystems Institute (CNSI), University of 
California, Los Angeles, Los Angeles, CA 90095, United States 

Superhard materials are used in a wide range of applications from wear-resistant coatings to high-speed cutting tools. Although materials with a a 
hardness of > 40 GPa are considered superhard, materials possessing a hardness much greater than this number are always very favourable in order to 
increase the lifetime of heavy-duty tools. Hard borides such as OsB2, RuB2 and ReB2 have proven to be reliable candidates for applications where 
extreme hardness is required. To address the cost issues with these compounds, however, we have recently explored the interesting properties of 
tungsten tetraboride (WB4), as an inexpensive superhard material with a Vickers microindentation hardness of ~43 GPa (optically measured) under an 
applied load of 0.49 N. In an attempt to make even harder materials at low cost, we have synthesized and characterized solid solutions of WB4 with 
some transition metals and have shown we can increase the hardness by 20%. 

INOR 281 

Solid-state metathesis routes to metal phosphides and sulfides 

Nathaniel Coleman, nathaniel-coleman@uiowa.edu, Edward G. Gillan.Department of Chemistry, University of Iowa, Iowa City, Iowa 52242, United 
States 

The rapid solid-state metathesis (SSM) technique provides a quick and flexible alternative to conventional solid-state materials synthesis. Our previous 
studies showed that metal halides form highly crystalline metal oxide materials (e.g., TiO2) through exothermic reactions with sodium peroxide. Single 
exchange metathesis reactions between metal halides and volatile phosphorus can also produce porous metal phosphides (e.g., NiP2) in ampoule 
reactions at temperatures near 500 °C. This poster will describe combining these metathesis processes to target metal phosphide and sulfide materials. 
Depending on the synthetic approach used, these materials have different atomic ratios and structures (e.g, Ni2P and Ni3S2). Our SSM reactions form 
fine metal particles from the thermal decomposition of unstable metal nitrides that are then converted to metal phosphide/sulfide products through 
reaction with red phosphorous, elemental sulfur, or molecular PxSy compounds. The products formed via this rapid SSM method are compared to related 
single exchange reactions using ampoule-based methods. 
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Facile botanical templating strategies for the growth of porous metal oxide structures 

Andrew B. Zimmerman, edward-gillan@uiowa.edu, Edward G. Gillan.Department of Chemistry, University of Iowa, Iowa City, Iowa 52242, United 
States 

Plant cellular structures found in leaves represent a unique and diverse source of materials templates. They are easily produced and contain interesting 
microscale morphologies with interconnected porous subunits. We have developed a room-temperature chemical method using acidified 2,2-
dimethoxypropane to dehydrate water-rich botanical materials (e.g., fern leaves and water-rich succulents). This mild dehydration process leaves much 
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of the porous cellular structure intact even with ~90% mass loss. These chemically dehydrated templates have been utilized in the growth of porous and 
ordered leaf replicate structures consisting of TiO2 and SiO2 via sol-gel precursor methods. This poster will detail the chemical, thermal, and solvent 
absorption properties of the dried porous template structures and describe recent efforts to use these botanical templates to produce other porous metal 
oxide structures (e.g., Co3O4). The functionalization of porous titania structures with platinum nanoparticles and their use in photocatalytic chemical 
transformations will also be described. 
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Graphene oxide: Interfacial assembly of soft carbon sheets 
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Scientific interest in graphene oxide sheets (GO), the product of chemical oxidation and exfoliation of graphite powder, has resurged in recent years 
because GO is considered a promising precursor for the bulk production of graphene-based sheets. Moreover, GO can be viewed as an unconventional 
soft material, with properties of two-dimensional block copolymers, colloids, membranes, and amphiphiles. Here, we evaluate the soft material properties 
of GO and applications these properties enable. GO is found to exhibit size and pH dependent surface activity which allows them to assemble at the air-
water interface to produce thin films which can be visualized by a fluorescence quenching microscopy technique we developed. Furthermore, GO serves 
as a functional surfactant to disperse carbon nanotubes for all-carbon photovoltaics, can be deformed to create aggregration-resistant crumples, or 
blended with PEDOT to or create a sticky gel interconnect for tandem solar cells. 
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Exploring the high pressure behavior of superhard tungsten tetraboride 

Miao Xie, mxie@chem.ucla.edu.Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA 90034, United States 

Dense transition metal borides are a new class of the growing family of superhard materials that do not require high-pressure synthesis. These 
compounds, championed by our group, may find use as cutting tools and protective coatings. Tungsten tetraboride (WB4) is an interesting candidate as 
a less expensive member of this growing group. We present the pressure-volume equation of state of WB4 using room-temperature synchrotron X-ray 
diffraction in a diamond anvil cell up to 58.4 GPa. The measured zero-pressure bulk modulus, K0, is 326 ± 3 GPa. We observe a second-order phase 
transition in WB4 and relate this to the three-dimensional boron network found in this unique metal tetraboride. We also examine the relationship 
between hardness, bulk modulus, and shear modulus for the case of WB4. In addition, the stress state and compressive strength are also examined 
using radial diffraction technique combined with lattice strain theory. 
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Pair distribution function and its application to the determination of the local structure of Perovskite crystals 

Kyle J Thomas
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Anion deficient perovskites show promise for application as anode materials in solid oxide fuel cells. The oxygen deficientperovskites Sr3SbO5.5, 
Sr2CaSbO5.5, Sr2BaSbO5.5, Sr3NbO5.5, and Sr3TaO5.5 all have the ideal cubic double perovskite crystal structure. However, these compounds also 
have tolerance factors that are too small for octahedral tilting not to be present, as well as a large amount of diffuse scattering in their neutron powder 
diffraction patterns, both of which suggest a large amount of local disorder must be present. The goal of this research is to determine how the local 
structures of these compounds differ from their long range average structures. We are particularly concerned with understanding any short range 
ordering of oxygen vacancies that occurs, as this would directly affect their ionic conductivities. We performed neutron total scattering experiments on 
each sample and used this data to obtain the pair distribution function (PDF) of each compound. The PDF gives the distribution of inter-atomic distances 
in the material and allows us to determine the short and medium range order within the sample.  
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Effects of hydrolysis temperature on porous titania prepared from industrial titanyl sulfate solution 

Congxue Tian, tcx7311@163.com.Panzhihua University, College of Biological & Chemical Engineering, China 

Anatase crystalline porous titania doped with ferrous ion and sulfate ion was single-step prepared via thermal hydrolysis of industrial titanyl sulfate 
solution by controlling the hydrolysis process at different temperature, and then calcined at 500 ęC for 2h. Crystallization of porous titania was enhanced 
with the hydrolysis temperature increasing, and the sample hydrolyzed at 100 ęC was with the smallest average particle size of 635 nm. The prepared 
titania showed mesoporous structure, BET specific surface area increased first the gradually deceased with the hydrolysis temperature increasing, and 
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the sample hydrolyzed at 100 ęC with the greatest specific surface area of 193.6 m
2
/g. Enhancement of anatase crystallization, enlargement of specific 

surface area and doping with quantum sufficit ferrous ion and sulfate ion were all benefit for improving higher photocatalytic activity. The sample at 100 
ęC showed the highest photocatalytic degradation rate of methylene blue, with 96.4% in 40min.  

 
 
 
XRD patterns for porous titania 
 

 
 
 
Nitrogen isotherms for porous titania 
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Understanding an order-disorder phase transition in ionothermally synthesized gallium phosphates 

Jacob H Olshansky, jolshans@haverford.edu, Alexander J Norquist.Department of Chemistry, Haverford College, Haverford, PA 19041, United States 

Two new organically templated gallium 
phosphates were synthesized under ionothermal conditions. Single crystals were grown from a mixture of 
Ga(NO3)3·H2O, H3PO4, and either 1-methylpiperazine or 
2-methylpiperazine, which were allowed to react in 1-ethyl-3-methyl-imidazolium 
bromide or 1-butyl-3-methyl-imidazolium bromide at 150 ºC for 4 days. The use of 1-methylpiperazine and 
2-methylpiperazine resulted in compounds that both contain [Ga(HPO4)2/2(PO4)2/2]n

2n-
 

chains and extensive hydrogen-bonding networks.  
Solvent effects associated with ionothermal versus hydrothermal 
conditions in this system result in marked differences in structure and 
stoichiometry. [1-methylpiperazineH2][Ga(HPO4)(PO4)] 
exhibits a phase transition from an 
ordered monoclinic structure at 100 K to a disordered, averaged structure at 
298 K, as determined using both single crystal X-ray diffraction and 
density-functional calculations of the total energy. 
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Beyond charge density matching: The role of C-H...O interactions in the formation of templated vanadium tellurites 

Matthew D Smith, mdsmith@haverford.edu, Alexander J Norquist.Department of Chemistry, Haverford College, Haverford, PA 19041, United States 

Differences in the [V2Te2O10]n
2nï

 layer topologies in [C6H16N2][V2Te2O10] and [C5H14N2][V2Te2O10] 
are the result of deviations in the CïH···O hydrogen -bonding networks.  
Stronger influences, such as reagent concentrations and charge density  
matching, were minimized through the use of both nearly identical  
reaction gels and 2,5-dimethylpiperazine and 2-methylpiperazine, which  
have very similar charge densities. Reactant concentration and charge  
density matching effects were quantified using composition space  
analyses, molecular and geometric decomposition surface areas, and  
Iterative Hirshfeld partial atomic charges. 
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New polar templated vanadium tellurite enantiomers 

Samuel M Blau, sblau@haverford.edu, Alexander J Norquist.Department of Chemistry, Haverford College, Haverford, PA 19041, United States 

New polar vanadium 
tellurite enantiomers have been synthesized under mild hydrothermal conditions 
through the use of sodium metavanadate, sodium tellurite and enantiomerically 
pure sources of either R-3-aminioquinuclidine 
or S-3-aminioquinuclidine. [R-C7H16N2][V2Te2O10] 
and [S-C7H16N2][V2Te2O10] 
contain [V2Te2O10]n

2n-
 

layers constructed from [(VO2)2O(TeO4)2] 
monomers. Steric effects 
associated with the hydrogen-bonding network between the [V2Te2O10]n

2n-
 

layers and [C7H16N2]
2+

 result in 
polar structures and crystallization in the space group P21 (no. 4). Electron 
localization functions were calculated to visualize the tellurite stereoactive 
lone pairs. Both iterative and 
non-iterative Hirshfeld techniques were evaluated as means to determine atomic 
partial charges, with iterative Hirshfeld charges more accurately representing 
charge distributions in the reported enantiomers. These charges were used to calculate both 
component and net dipole 
moments. [R-C7H16N2][V2Te2O10] 
and [S-C7H16N2][V2Te2O10] 
exhibit dipole moments of 17.37 and 16.62 D, respectively. [R-C7H16N2][V2Te2O10] 
and [S-C7H16N2][V2Te2O10] 
both display type 1 phase-matching capabilities and exhibit second harmonic 
generation activities of ~50 × a-SiO2. 
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Layer-by-layer porphyrin molecular multilayers on gold (111) electrodes 

Alexandra Krawicz, krawia@gmail.com, Peter H. Dinolfo.Department of Chemistry and Chemical Biology, Rensselaer Polytechnic Institute, Troy, New 
York 12180, United StatesDepartment of Chemistry and Chemical Biology, Rensselaer Polytechnic Institute, Troy, New York 12180, United States 

We have developed a method for 
fabrication of thin-film molecular porphyrin multilayers on gold (111) 
electrodes. Copper(I) catalyzed azide-alkyne 
cycloaddition (CuAAC) coupling reactions were used for surface attachment and 
subsequent layer-by-layer (LbL) deposition of the components. The electrochemical and photophysical 
properties of the thin-films can be tuned through synthetic modification of the 
individual building blocks, resulting in new porphyrin multilayers for applications 
in light harvesting and molecular electronics.  
Here, we demonstrate the reproducible growth trends and optical 
properties of these porphyrin structures.  
Multilayer growth was followed by UV-Vis Spectroscopy. Film thickness and optical constants were 
obtained from spectroscopic ellipsometry.  
Topology and surface roughness was examined by TM-AFM, while copper 
content was quantified by XPS. The electrochemical 
characteristics were studied by CV. The 
multilayers show consistent growth over tens of layers and moderate ordering in 
their molecular structure. This 
technique is flexible and has potential for controlling the nanoscopic structure and 
function. 
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Synthesis and process of photocurable silicon rubbers 

Kyung M. Choi, choikm@uci.edu.Chemistry, University of California, Irvine, California, United States 

We introduce a novel molecular design of functional silicon elastomers to prepare advanced stamp materials for soft lithography. In nanofabrication, 'soft 
lithography' is alternative to conventional UV photolithography; this technology allows us to fabricate small patterns with low cost and easy 
processability. However, commercially available silicon elastomers often results in collapse and mergence due to its low mechanical strength, especially 
in the nano-scale regime. Since the resolution of soft lithography techniques relies on the elastomeric elements, these limitations have motivated us to 
develop a new version of photocured silicon elastomers. It was designed to satisfy a diverse set of our multiple demands in lithographic purposes, such 
as enhanced physical stiffness, good elastomeric properties, low linear polymerization shrinkage, photocurability, and freedom from stress. The new 
silicon elastomer results in enhanced performances, especially in nanofabrications. We also fabricate 'elastomeric photopatterns' at the micro-scale 
using the photocurable PDMS prepolymer for integration to fabricate active devices with specific functions.  
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Monomeric to supramolecular 3D-network via tetrahedral water bridges 
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The self-assembly of a metal-organic framework Cr[(H-Bbim)3].3H2O (1 ) was achieved from Cr
3+

 ion, 2,2'-bisbenzimidazole (H2bbim) and N-N'-
dipyraziylpiperazine (4N-DPzP) ligands. Its crystal structure was characterized by single-crystal X-ray diffraction analysis. Structure 1 crystallizes in the 
cubic space group I ï43d with a = 24.804(7) Å, V = 15261(7) Å

3
 and Z = 4. In the structure 1 the metal centers are octahedrally coordinated by six 

nitrogen atoms from three 2,2'-bisbenzimidazole ligands and the tetrameric water bridges enable to extend the basic monomeric unit to a 3D 
supramolecular framework by intermolecular hydrogen bonds. The structure 1 along the a axis represents a holy Brigid's Cross symbol and the 
thermogravimetric analysis shows that the compound is stable upto 415 °C 
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Carbon coated LiFePO4 cathode materials for lithium-ion batteries 

Mohammadreza Shokouhimehr, m_shokohi@yahoo.com.Department of Chemical and Biological Engineering, Seoul National University, Seoul, Seoul 
151-744, Republic of Korea 

A facile method to synthesize carbon modified LiFePO4 composite has been developed as Li-ion battery cathode materials with a remarkable 
achievement. The unique structure of this nano-size LiFePO4 combined with its full coating of conductive carbon enhances its electrochemical 
performance. It provides favorable transport kinetics for both Li

+
 ions and electrons. The experimental results demonstrate that this LiFePO4/carbon 

electrode has superior lithium-storage capability with both a stable cycle life and exceptional rate capability, indicating their potential application as a 
candidate for the development of high performance with advanced lithium batteries directing to the hybrid vehicle markets. 
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New topotactic synthetic methodology for synthesis of highly fluorine (F)-doped mesoporous metal oxides 

Zhen-an Qiao
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Highly fluorine-doped mesoporous metal oxides (up to 40%) have been successfully synthesized by the topotactic direct fluorination synthesis strategy, 
wherein mesoporous metal oxides (TiO2 ZrO2, Al2O3, Nb2O5 and Ta2O5) are used as starting materials and elemental fluorine F2 is used as a 
fluorinationagent. These novel fluorinated mesoporous materials maintain homologous mesostructures with high surface areas, narrow pore size 
distributions, and large pore volumes after fluorination. The surface areas, pore sizes, pore volumes and F atomic concentrations for these materials 
could be adjusted in a wide range by varying the fluorination time and temperature. This direct fluorination method for preparation of F-doped 
mesoporous metal oxides can be extended to synthesis of a wide range of fluorine-doped porous organic and inorganic nanocomposites. 
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Combining orthogonal postsynthetic methods in a single isoreticular metal-organic framework 

Corinne A Allen, caallen@ucsd.edu, Seth M Cohen.Department of Chemistry and Biochemistry, University of California San Diego, La Jolla, California 
92037, United States 

Postsynthetic deprotection (PSD) is a method for functionalizing metal-organic frameworks (MOFs). PSD is unique because functionality is revealed 
after the MOF is formed and exposed to appropriate stimuli. 2-Hydroxyterephthalic acid (HO-BDC) was protected by two photolabile groups, 
incorporated into an IRMOF, and deprotected at 365 nm or 400 nm. Additionally, the protected HO-BDC was mixed with 2-aminoterephthalic acid into an 
IRMOF. Tandem PSM/PSD was explored and the best yields are obtained from PSM followed by PSD. 
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New metal-organic frameworks with interesting gas sorption behavior 

Phuong V Dau, pdau@ucsd.edu, Min Kim, Seth M Cohen.Department of Chemistry and Biochemistry, University of California San Diego, La Jolla, CA 
92093, United States 

Metal-organic frameworks (MOFs) have been showed to be an attractive material for applications such as separation, catalysis, drug delivery and gas 
storage. MOFs are porous materials that are constructed by metal ions or metal ion clusters, connecting together via organic ligands. Given this, MOFs 
are versatile materials because we can not only tailor the pore's size by extending the organic ligands and but also introduce functional groups to the 
pores by modifying the organic ligands pre-synthetically or post-synthetically. 

In recent years, several MOFs have been reported to have high gas uptake and high selectivity in gas separation. Herein, we will report the synthesis 
and characterization of a new series of extended MOFs that show unusual gas sorption behavior that can be potentially used as gas storage and 
separation materials. 
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Two chemical handles in a Zr(IV)-based metal-organic frameworks 
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Two different forms of bifunctional Zr(IV)-based metal-organic frameworks (MOFs) were synthesized and characterized. Blending of 2-bromo 
benzenedicarboxylic acid and 2-amino benzendicarboxylic acid forms mixed UiO-66-(Br)(NH2) (UiO = University of Uslo). From the parent mixed UiO 
material, postsynthetic acylation and cyanation produced three new MOFs; UiO-66-(CN)(NH2), UiO-66-(Br)(AM1), and UiO-66-(CN)(AM1). Related 
studies on other bifunctional MOFs will also be presented.  
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Regioisomeric control of metal-organic framework functional groups 

Jake A. Boissonnault, jboisson@ucsd.edu, Min Kim, Phuong V. Dau, Seth M. Cohen.Department of Chemistry and Biochemistry, University of 
California, San Diego, La Jolla, California 92093, United States 

Metal-Organic Frameworks (MOFs) are a class of porous materials. By mixed ligand strategy, we can get multifunctionalized materials, but there is not 
much, if any, control in the positioning of these groups within the MOF. Described herein is the first such attempt at controlling the relative orientation of 
functional groups within a MOF crystal. This was done by synthesizing ligands differing stereoisomerically and introducing them into a MOF framework 
by solvothermal synthesis. 
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Nanomaterials based flexible and transparent film heaters 

Alexandre Carella, alexandre.carella@cea.fr, Celine Mayousse, Caroline Celle, Jean-Pierre Simonato, Henda Basti.Department of Nanomaterials 
Technologies, CEA, Grenoble, France 

Transparent heaters are widely used in technologies like avionics displays, temperature-controlled LCD displays, window defrosters and others. The 
fabrication of transparent heaters is mainly realized with Indium tin oxide (ITO) films. The as-made ITO film heaters suffer from some limitations like 
costly fabrication process and moderate thermal response. 

Solution-processable nanomaterials appear as a promising alternative since it affords a large area, low-cost deposition method, with good performances. 
Recently, extensive efforts have been performed to develop transparent electrodes based on silver nanowires. They lead to excellent performances, 
comparable to those of ITO. Typically, , which is well adapted to make competitive TFHs. 

We report in this communication the synthesis of metallic nanowires and their use as random networks for TFH application on plastic substrates, with 
interesting performances (sheet resistances lower than few tens of ɋ.sq are obtained at 90% transparency in the visible spectrum and high bendability 
[1-2]. 

[1] C. Mayousse, H. Basti, C. Celle, A. Carella, and J.-P. Simonato, " Transparent Film Heaters Based on Random Networks of Silver Nanowires", 
submitted. 

[2] A. Carella, and J.-P. Simonato, Patent Application (priority 2011) 
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Neutron powder diffraction from your arm-chair: A mail-in service 
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College Park, Maryland 20742, United States 

The NIST Center for Neutron Research (NCNR) provides neutron measurement capabilities to the U.S. research community. The high-resolution 
powder diffractometer operates similar to a lab-based X-ray powder diffractometer, but due to the characteristics of the neutrons interaction with matter, 
neutrons diffraction is able to distinguish neighboring elements of the periodic table, to obtaining diffraction patterns to large scattering angles, to 
measuring magnetic structures. This versatile instrument is made available to the scientific community through a mail-in service, saving you time and 
effort to collect routine diffraction patterns. Obtaining time on the instruments requires submission of a proposal which is peer-reviewed. This poster will 
detail the capabilities of this instrument and the scope of the measurements that can be proposed using this mechanism. 
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Computational modeling of the breathing behavior of metal-organic frameworks 

Jeffrey C Sung, jcsung@ucsd.edu, Jason S Grosch, Porter B Howland, phowland@ucsd.edu, Francesco Paesani.Chemistry and Biochemistry, 
University of California, San Diego, La Jolla, CA 92093, United States 

Over the last decade metal-organic frameworks (MOFs) have emerged as a new class of porous materials with great potential for a wide range of 
applications, including catalysis, separation, and gas storage. Unlike traditional porous materials, such as zeolites, several MOFs are characterized by 
unusually flexible frameworks that undergo large structural deformations (the so-called breathing behavior) upon external stimuli such as temperature 
and pressure changes, and gas adsorption. Although experimentally observed in different structures, the molecular mechanisms and interactions that 
determine the breathing behavior of MOFs is still poorly understood. Here, we describe the first fully flexible model of DMOF-1 which is derived from ab 
initio data. Molecular dynamics simulations are then used to investigate the breathing behavior of DMOF-1 upon adsorption of benzene and isopropyl 
alcohol. In both cases the results are in good agreement with the available experimental data. A detailed analysis of the simulation results enables the 
characterization of the molecular mechanisms that lead to the structural deformation of the framework depending on the nature of the guest molecules, 
and as a function of loading and temperature. A comparison with the results obtained from molecular simulations of the breathing behavior in MIL-53(Cr) 
is also made. 
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Nanocomposite materials for improved flywheel rim materials for frequency regulation of the AC grid 

Timothy J. Boyle, tjboyle@Sandia.gov, Benjamin Anderson, Mathias Celina, Nelson Bell.Ceramic Processing and Inorganic Chemistry, Sandia National 
Laboratory, Albuquerque, New Mexico 87106, United States 

It is important that the electricity used in the AC Grid be frequency regulated to ensure it is safe, reliable, and efficient. Flywheels offer a robust, reliable, 
and 'green' method for responding to the surpluses and deficiets of the existing AC Grid. Flywheel energy is stored as kinetic energy through a 'spin-up' 
processes and can instantaneously respond to demands. In the future grid, novel 'green' energies are expected to add to the variances noted previously. 
In order to store more energy, flywheels will have to spin faster. This creates a need for improved flywheel rim materials. Flywheel rims typically consist 
of three components (C-fiber, glass-fiber, and a resin). In this effort, we have designed a model system that allows us to explore variations in the 
flywheel composition. The effect of ceramic nanomaterials on the strength of a variety of resins has been investigated and full details of the resulting 
properties will be presented. 

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of 
Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-
94AL85000. 
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Highly functionalized bridged mesoporous materials 
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Novel highly functionalized hybrid organic/inorganic materials were synthesized by polycondensation of bis[3-(trimethoxysilyl)propyl]amine in presence 
of cationic and anionic surfactants. Reaction media strongly affected gelation time. Thus, in basic media gelation occurred immediately while acid 
increased gelation time. Material structures were studied by IR spectroscopy, porosimetry, XRD and SAXS methods. In spite of absence of inorganic 
linker, obtained bridged silsesquioxanes had mesoporous structure. A material prepared at presence of dodecylamine as a template had higher surface 
area and narrow pore size distribution while the use of sodium dodecylbenzene sulfate resulted in formation of mesopores with wide size range. 
Accessibility of surface amine groups in silsesquioxanes was studied for molecules of acidic nature and different sizes: HCl, CO2 and picric acid. High 
content of accessible amine groups in these materials makes them perspective supports for immobilization of catalysts. 
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Synthon screening for energetic cocrystal design 

Leah R Simke, lsimke@umich.edu, Onas Bolton, Adam J Matzger.Department of Chemistry, University of Michigan, Ann Arbor, Michigan 48109, United 
States 

In order to have practical applications, energetic (explosive) materials require high 

potential energy, reliable stability, and high density. This combination of properties is 

difficult to achieve via novel compound design, which is why great effort is put into 

improving their densities through exploring their possible polymorphs. A previously 

unexplored alternative is to cocrystallize existing energetics in order to create novel, 

improved explosives. Our research focuses partly on cocrystallizing nitro-rich energetics 

with non-energetic compounds in the search for predictable 

interactions (synthons) between the groups. Discovering synthons would aid in the future 

design of cocrystals. Another goal is to cocrystallize multiple energetic compounds into 

novel explosive solids to realize improved density or stability. Here we describe our 

study and its results along with the discovery of a novel energetic-non-energetic cocrystal 

incorporating 2,4,6-trinitrotoluene and triphenylboroxin. 
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Preparation and characterization of alumina-based aerogels for applications in automotive catalysis 
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Aerogel catalyst materials have the potential to be produced more economically than catalysts used in current catalytic converter technology. In this 
work, alumina and nickel-alumina aerogels were produced using an epoxide-assisted mechanism, followed by rapid supercritical extraction (RSCE) in a 
contained mold in a hydraulic hot press. Aerogels were characterized by helium pycnometry, BET surface area and BJH pore size distribution analysis, 
scanning electron microscopy (SEM), and powder x-ray diffraction (XRD). These materials have physical properties that show promise for catalysis 
applications. Typical alumina aerogels have skeletal densities of 2 g/mL, surface areas above 670 m

2
/g and 25-nm average pore diameter. The Ni-Al 

aerogels have skeletal densities of 2.3 g/mL, surface areas of 600 m
2
/g and 25-nm average pore diameter. SEM imaging shows that the aerogels have a 

condensed, nano-fibrous structure. XRD analysis suggests that some of the nickel species within the aerogel experience changes during exposure to 
high temperatures. 
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New hybrid inorganic-organic sol gel polymers as protective coatings for mild steel substrates 
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Degradation of steel has always been a concern. Steel is used in large tonnages in transportation, fossil fuel power plants, chemical processing, 
petroleum production and refining, pipelines, mining, construction and metal-processing equipment. Hybrid Sol gel coatings are one of the most adopted 
preventive methods and have been applied on the metal surface serving as a barrier for isolation from corrosive species. We have examined the use of 
phenylene diacrylic acid derivatives as incorporating groups in tetraethylorthosilicate (TEOS) inorganic sol gel base coatings. The resulted new coatings 
were applied on mild steel sheets and their corrosion protection performances have been evaluated using Electron Impedance Spectroscopy (EIS) and 
Scanning Electron Microscopy (SEM) techniques. The new hybrid gel coatings showed improved corrosion protection compared to the sol gel coatings 
without these organic groups following long term immersion in 3.5% NaCl. The new functionalized sol gel materials can be used also as containers for 
the doping of different corrosion inhibitors in order to enhance the corrosion protection properties of these coatings over mild steel substrates. 
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Fabrication of Hierarchical nanostructures Anatase TiO2 with unusual (201) exposed facets and their application in photo-catalytic activity 

Raed Rahal, raed.rahal@kaust.edu.sa, Aziz Fihri, Umesh Patil, Vivek Polshettiwar.Nano-Catalysis Laboratory (KAUST NanoCat), King Abdullah 
University of Science and Technology, Thuwal, Saudi Arabia 

The self-assembly of titanium oxide structures under MW irradiation has rarely been reported. In the present study, we report a simple and facile method 
to prepare novel 3D hierarchical TiO2 nanostructures with unusual exposed facets. The crystal structures, morphologies, and surface areas, the effects 
of several synthetic parameters, control of the morphology, and plausible mechanism of the formation of these TiO2 hierarchical nanostructures were 
investigated and finally these nanostructures were studied for their photo-catalytic activities. 
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Changes of crystal structure and strength in highly weathered granite after treated with consolidants 
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X-ray diffraction analysis and Scanning electron microscope performed for studies of crystal structure changes of clay minerals in highly weathered 
granite after treated with consolidants. Weathered granite that changed to clay mineral in edge and center of crystal contains large amount of orthoclase 
and quartz, and minor biotite and clay minerals such as smetite and illite. The basal peak (001) intensity of the smectite in weathered granite after 
treated with consolidants shifted to a lower angle of 2theta. This is resulted in an increase in the basal spacing and volume of smectite. The color of rock 
surface after treated with every consolidants is darker than original one but similar to original samples with time. The ultrasonic velocity and shore 
hardness increase with after consolidant treatment. The increased ultrasonic velocity and shore hardness measurements of the weathered granite 
showed that treatment of consolidants improves the consolidation on the weathered granite, implying its potential for the preservation of granite heritage. 
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Synthesis and characterization of two calcium based metal-organic frameworks 

Raj Kishore Vakiti, raj.vakiti254@topper.wku.edu, Yan Cao, Wei-Ping Pan, Bangbo Yan.Department of Chemistry, Western Kentucky University, 
Bowling Green, KY 42101, United States 

Two new calcium based metal-organic frameworks, [Ca3(btc)2(H2O)12] (1) and [Ca2(btc)(pzc)(H2O)3] (2), have been synthesized using the hydrothermal 
method using benzene 1,3,5-dicarboxylic acid (H3btc) or/and pyrazine 2-dicarboxylic acid (Hpzc) ligands. The two compounds exhibit extended networks 
with distinct dimensionalities. The structure of compound 1 is a three-dimensional framework consisting of Ca ions, btc ligands and coordinated waters. 
The structure of compound 2 is a double layered network. These compounds were characterized with powder X-Ray Diffraction, IR spectroscopy, 
Fluorescence spectroscopy and thermal properties were analyzed with thermo gravimetric analysis. 
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Encapsulated titanium nitride nanoparticles for photocatalytic activity under visible light 

Byung Wook Lim, bwlim@sogang.ac.kr, Donghyeon Kang, Jung Bo Yoo, Kang Hyuk Lee, Nam Hwi Hur.Department of Chemistry, Sogang University, 
seoul, Republic of Korea 

We report a novel method to synthesize titanium nitride (TiN) nanoparticles encapsulated within the shell of core/shell silica microspheres with average 
diameter of 500 nm. TiO2-coated microspheres were first synthesized by TiO2 coating of porous silica microspheres using a sol-gel technique, which 
were then annealed under ammonia at 700°C. This annealing resulted in the formation of TiN nanoparticles inside the silica shell. The size of TiN 
particle was sensitive to amount of titanium precursor, annealing temperature, and annealing time. The resulting microsphere with green color, 
SiO2@TiN, was fully characterized by TEM, SEM, photoluminescence, X-ray diffraction, nitrogen adsorption-desorption isotherms and UV-visible 
spectroscopy. Considerable activity in photocatalytic production of H2 from water under visible light was observed in SiO2@TiN. The H2 production is 
strongly dependent on the size of TiN particles encapsulated in porous shell. TiN particles larger than 20 nm did not show any noticeable photocatalytic 
activity under visible light. 
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Ultrasonic nozzle assisted spray pyrolysis preparation of mixed metal oxide nanocomposites 

Aparna Iyer
1
, aparnaiyer22@gmail.com, Jacquelynn Garofano

3
, Edward Kissel

4
, Cecil King'ondu

1
, Eric Jordan

2
, Steven L Suib

1
.  (1) Department of 

Chemistry, University of Connecticut, Storrs, CT 06269, United States  (2) Department of Mechanical Engineering, University of Connecticut, Storrs, CT 
06269, United States  (3) United Technologies Research Center, East Hartford, CT, United States  (4) Unaffiliated, United States 



61 

 

An ultrasonic nozzle assisted spray pyrolysis method was developed to generate novel architectures of several mixed metal oxide nanocomposites. 
Highly porous foams of magnesia-yttria, magnesium ferrite spinels and similar nanomaterials were produced in the form of fine-scale rings (< 100 µm). 
The cell walls of the rings are comprised of membrane-like morphologies with nanoscale oxide-oxide phase domains measuring less than 50 nm in size. 
The nanomaterials were characterized using X-ray diffraction, field emission scanning electron microscopy, transmission electron microcopy, Fourier 
transform infrared spectroscopy, nitrogen adsorption analysis, and thermogravimetric analysis. Specific advantages of this method are process 
generality, ease of processing, ability to generate nanoscale phase domains of mixed metal oxides, good homogeneity in the distribution of oxide 
phases, and unique morphology. Such nanomaterials with highly porous architectures and mixed oxide character have widespread applications in 
catalysis, optics, gas sensors, electrochemistry, photoreactions, and as magnetic materials. 
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New thermal stable organophilic layered hexaniobates based on N'-alkyl-N-methylimidazolium intercalation: Unexpected chain length 
dependency 

Alfredo Duarte, alfredoduarte@usp.br, Vera R. L. Constantino, vrlconst@iq.usp.br.Institute of Chemistry, University of São Paulo - USP, São Paulo, 
São Paulo 05508-000, Brazil 

Syntheses of layered hexaniobates intercalated with N'-alkyl-N-methyl-imidazolium (CH3(CH2)n-MIm
+
) were performed in aqueous or molten R-MImCl 

media, using variable alkyl chain lengths and R-MIm
+
/K

+ 
molar ratios. X-ray diffraction (XRD), thermal (TGA-DSC-MS) and elemental analysis data 

suggest that significant degree of intercalation occurs only in water and for the imidazolium alkyl chain with nÓ7. For the same R-MIm
+
/K

+
 ratio, the 

increase of the alkyl chain promotes a higher cation amount intercalated. Besides, it is observed an increase in the materials crystallinity. It is suggested 
that hydrophobic interactions are the driving forces for the imidazolium confinement between the niobate layers. Thermal stabilities of intercalated R-
MIm

+
 cations (nÓ9) are above 190 ÁC, i.e., about 60 °C higher than the sample intercalated with hexadecyltrimethylammonium, an usual surfactant for 

layered inorganic materials organophilization. Highly thermal stable layered hybrids are required for production of nanocomposites with organic polymers 
by melting process. 
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Synthesis of alignable fluorophores for light harvesting in liquid crystal and polymeric waveguides 

Willie E Benjamin, benjamw2@students.wwu.edu, Matt J Perkins, David L Patrick, John D Gilbertson.Chemistry, Western Washington University, 
Bellingham, WA 98225, United States 

Polyaromatic hydrocarbons (PAH) possessing both high quantum yields (ū > 0.9) and good photostability (~ 10 years) are promising fluorophores for 
use in luminescent solar concentrator materials. In an effort to increase both solubility and alignability in liquid crystal and polymer matrices, perylene 
(perylene-3,4,9,10-tetracarboxylic dianhydride) and terrylene (terrylene-3,4,11,12-tetracarboxdiimide) based dyes were imidizized with diisopropylaniline 
derivatives synthesized via facile Sonagashira and hydrogenation conditions. Substitution at the para position with alkyl and alkyne tails of varying length 
lead to an increase in alignability by providing the dye with a more rod like structure, while the bulky 2,6-diisopropyl groups increased solubility by 
impeding intermolecular ˊ-ˊ stacking. In addition to the aforementioned properties, photostability, quantum yield, UV-vis and fluorescence data will be 
discussed. 
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Investigations of stability of polyacrylamide composites containing antimicrobial silver(I) cyanoximates to high intensity visible and UV light 

Mark O Whited, whited497@live.missouristate.edu, Jeff Morton, Nikolay Gerasimchuk, NNGerasimchuk@missouristate.edu.Department of Chemistry, 
Missouri State University, Springfield, MO 65897, United States 

Recently we reported syntheses, crystal structures and some properties of a series of visible light insensitive silver(I) cyanoximates (Figure 1) that 
demonstrate pronounced in vitro antimicrobial activity. These complexes were offered as additives to adhesive material used for introduction of 
indwelling medical devices which could prevent associated infections. As a continuation of this work we focused on studies of photostability of solid 
mixtures of cured by light flowable dental composites that contained 0.5, 1 and 5 weight % of Ag(CCO), Ag(ACO), Ag(ECO) and Ag(BCO). Samples of 
solidified composites of 2 cm in diameter were irradiated with visible (ɚ=400 nm) and short wavelength UV (ɚ=254 nm) light for several hours and their 
reflectance spectra in the range of 200 ï 800 nm were recorded. Upon prolonged irradiation with UV-light samples darken and change color from yellow 
to brown, whereas visible light did not cause significant effect. The initial rates of photodegradation of studied samples were measured and correlated 
with crystal structures of the initial polymeric AgL (Figure 1) complexes. 
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Four homoleptic insulating salts were crystallized using static galvanostatic oxidation of the organometallic donor (Cp)2W(dmit) (dmit
2-
 = 1,3-dithiole-

thione-4,5-dithiolate) in the presence of the anions BF4
-
, Br

-
, PF6

-
 and Au(CN)2

-
. Within these salts, containing a formally d

1
 cation, the W2S2C2 

metallacycle at the SÅÅÅS hinge is folded to varying extents, illustrating the non-innocent character of the dithiolate ligand. Using Raman spectroscopy, 
spectra were measured for each of the four salts as well as the neutral donor to search for a correlation between the angle of the fold for the 
metallacycle and the Raman spectroscopic properties. Solid state structural and magnetic properties for the tungsten salts were also measured and 
compared, in the instance of the BF4

-
, Br

-
 and PF6

- 
salts, to their molybdenum analogues. Magnetic interactions were systematically weaker for the 

tungsten derivatives due to decreased spin density on the dithiolene ligand. 
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Transmission electron microscopy studies of the melting behavior of nanoalloys for solder application 
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Recent efforts in the field of solders have been focused on using nanoparticles as solders. Nanoparticles have the unique property of having a lower 
melting temperature than their respective bulk materials. Thus, using nanoparticles as solders would lower melting temperatures, energy, and costs 
required for soldering. Our research focuses on synthesizing nanoparticles and examining their melting behavior and alloy formation through 
transmission electron microscopy (TEM) studies. The alloys of interest include tin/lead, as well as several lead-free alloys including tin/silver, tin/gold, 
and gold/germanium. These alloys are synthesized through either solvothermal or solution precipitation route, using metal amides or metal alkoxides as 
nanoparticle precursors. Further characterization of the nanoalloys includes Fourier Transform Infrared Spectroscopy (FTIR) and Thermogravimetric 
Analysis (TGA)/Differential Thermal Analysis (DTA). The details of the synthesis and characterization of the nanoalloys and their application as 
nanosolders will be discussed later. 

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed 
Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. 
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Development of thermally stable polydimethylsiloxane fluids: Linear, cyclic and highly branched 

Paul C. DeBurgomaster, pcdeburg@lanl.gov, Leon N. Lopez, Stephen J. Obrey.Chemistry Division, Los Alamos National Laboratory, Los Alamos, NM 
87545, United States 

Proven thermal stability of polydimethylsiloxanes (PDMS) has directly led to application of this class of materials to many industrial processes as 
evidenced by widespread application by engineers, materials scientists and others for diverse applications. Expansion of fluid utility at high temperatures 
has prompted us to develop strategies for increased thermal stability and to develop a better understanding of thermal stability through chemical analysis 
of decomposition products. To discern structure-property relationships we have completed a rational study related to fluid stability of molecular 
polymethylsiloxanes. Transition to cyclic and multi-branched species as well as steric considerations provide the foundation for this study. Thermal 
treatment of these materials followed by degradation product analysis provides a basis for rational development and elucidation of high-temperature 
mechanistic considerations. A focus remains on chemical modifications of molecular oligomers as well as a discussion of high-temperature chemical 
reaction mechanisms at play in these fluid systems. Common material corrosivity of primary and secondary products were also investigated as part of 
this materials development project. 
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Wet chemical synthesis toward nanoparticular thermoelectric antimonides FeSb2 and CoSb3 

Gregor Kieslich
1
, Kieslicg@uni-mainz.de, Christina S Birkel

1
, Igor Veremchuk

3
, Eva Morsbach

1
, Dimitrios Bessas

2
, Claudio Tanja

2
, Martin Panthöfer

1
, 

Hermann Raphael
2
, Yuri Grin

3
, Wolfgang Tremel

1
.  (1) Inorganic Chemistry, Johannes Gutenberg Universität Mainz, Mainz, Germany  (2) Centre for 

Neutron Sicence, Forschungszentrum Jülich GmbH, Jülich, Germany  (3) Metallurgie, Max-Planck-Institut für Chemie und Physik fester Stoffe, Dresden, 
Germany 

Motivated by the reported colossal Seebeck coefficient of bulk-FeSb2 below 20 K, we have developed a wet chemistry route towards nanoscaled FeSb2 
with a phase purity of > 95%, confirmed by 

57
Fe-Mößbauer spectroscopy and X-ray powder diffraction (XRD). As expected, nuclear inelastic scattering 

(NIS) on the nano-FeSb2 powder sample revealed a reduced thermal conductivity. In order to perform transport measurements the powder was pressed 
into a pellet with spark plasma sintering (SPS) under Ar atmosphere and densities over 80% with respect to the refined lattice parameters were 
obtained. Transport measurements of the pellets showed a maximum of the thermopower around 20 K, with a slightly decreased absolute value. By 
EDX analysis and X-ray diffraction studies of the obtained pellets we could show that antimony sweating during the sintering process causes the drop of 
the thermopower and further sintering studies are still running. 

Furthermore, we could show that our optimized wet chemistry route can be used for the synthesis of several other binary transition metal antimonides, 
e.g. FeSb, CoSb, NiSb and Cu2Sb including the thermoelectric promising skutterudite CoSb3. 
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Ionothermal synthesis and characterization of four new nickel thiophosphate anions 

Jason A. Cody, cody@lakeforest.edu, Grant Alexander, Gilbert Reynders, Kenneth Finch.Department of Chemistry, Lake Forest College, Lake Forest, 
IL 60045, United States 

The first step in the synthesis of new materials is a new approach. We have successfully prepared a series of four nickel thiophosphate anions from the 
elements via an ionothermal route using EMIM BF4 (EMIM = 1-ethyl,3-methylimidazolium). The anions [Ni(P3S9)2]

4ï
, [Ni(P2S8)2]

2ï
, [Ni(P3S9)(P2S8)]

3ï
, and 

[(NiP3S8)4(PS4)]
7ï

 all contain octahedral Ni(II). The first three contain only P(V), but the latter contains both P(V) and P(III) atoms. Physical properties will 
be presented for the new anions. 
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Competitive separation of toxic heavy metal ions using a new composite cation exchange material polyaniline Sn(IV) silicate: Adsorption 
kinetics and thermodynamic studies 
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Organic-inorganic composite cation exchanger polyaniline Sn(IV) silicate has been synthesized. The physicochemical properties of this ion exchangers 
were determined using different analytical techniques including Fourier transform infrared spectroscopy (FTIR), simultaneous thermogravimetryï
differential thermogravimetry (TGA-DTA) analyses, XRD, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX) and 
elemental analysis studies. Ion-exchange capacity and effect of temperature were also carried out on this material. Adsorption properties for different 
metal ions have been investigated and the results revealed that polyaniline Sn(IV) silicate had the highest adsorption capacity for Cd

2+
 ion. It's selectivity 

was tested by achieving some important binary separations. Dependence of adsorption on contact time, temperature, pH of the solution and exchanger 
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dose had been studied to achieve the optimum conditions. Adsorption kinetic study showed that the adsorption process followed the first order kinetics. 
Thermodynamic parameters viz- entropy change (DS), enthalpy change (DH) and Gibb's free energy change (DG) were also calculated 
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Reduction of heavy metals from drinking water by adsorption from limestone with a focus on copper, aluminum, and selenium applications 

Swarna Latha Somasani, swarnalatha.somasani666@topper.wku.edu, Sindhu Tumati, Cathleen Webb.Department of Chemistry, Western Kentucky 
University, Bowling green, KY 42101, United States 

Iron-coated limestone is used as an adsorption material for the removal of heavy metals from drinking water. Removal of heavy metals by native or 
uncoated limestone was also observed and used for comparison to and evaluation of the improvement in removal efficiency from the iron-coated 
material. The removal efficiency with limestone was studied for different concentrations of heavy metals. Kinetic studies were done to determine the 
decrease in heavy metal concentration as a function of time using limestone. Inductively coupled plasma spectroscopy was used for metal analysis. This 
method of removal by using limestone is cost effective, eco-friendly and hence of great potential importance for the heavy metal removal. 
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Removal of heavy metals from drinking water by adsorption technique using modified limestone media 

Keerthy Mandadi, keerthy.mandadi536@topper.wku.edu, Sindhu Tumati, Cathleen Webb.Department of Chemistry, Western Kentucky University, 
Bowling Green, KY 42101, United States 

Limestone is an inexpensive and the simplest media in removing the high concentrations of heavy metals from drinking water supplies. Ferric based 
media such as iron coated limestone is used in an adsorption process to remove zinc, cadmium, lead and other heavy metals. Different samples of 
water with varying concentrations of zinc are prepared and batch tests are performed using the uncoated and iron coated limestone and are compared in 
removal efficiency. Kinetics studies showed that zinc is removed to maximal within 4 hours. Effect of pH on adsorption of heavy metals is observed and 
metals are analyzed using the Inductively Coupled Plasma Emission Spectroscopy (ICP-ES).This inexpensive method will be useful for countries like 
Bangladesh and some parts of United States where arsenic concentrations in drinking water are at crisis levels. 
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Synthesis and characterization of Zn(acetate)2(amine)x compounds and their use as precursors to ZnO 
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Several Zn(acetate)2(amine)x compounds (where x = 1 or 2 depending if the amine is a mono- or bidentate ligand) have been prepare and characterized 
by single crystal x-ray diffraction, nuclear magnetic resonance spectroscopy and thermogravimetric analysis/differential scanning calorimetry. When 
pyrolyzed in air or under an inert atmosphere at 650ęC, they form ZnO. Structural characterization of the material showed that both the morphology and 
the size of the ZnO was effected by the amine bound to the zinc. The precursors have also been used to prepare bulk quantities of ZnO by a sol-gel 
synthesis route. Bulk powders were annealed under nitrogen at temperatures ranging from 150-300ęC. All materials were characterized by 
thermogravimetric analysis, X-ray diffraction, X-ray photoelectron spectroscopy, and scanning electron microscopy. Again, the different amine bound to 
the zinc was found to affect both the size and morphology of the resultant ZnO particles. Crystal morphologies observed included spheres, hexagonal 
rods, hexagonal needles, and hexagonal plates. Detailed results of the project will be presented. The work was supported by the National Science 
Foundation through grant DMR-0840265, the M.J. Murdock Charitable Trust,<ins datetime="2008-07-02T10:53" cite="mailto:JSHyslop"> and Northwest 
Nazarene University's Science, Math Associates. 
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Microfluidic synthesis of hollow silica spheres with hierarchical pore networks 

Woong-Chan Jeong, wchjeong@kaist.ac.kr, Seung-Man Yang.Department of Chemical and Biomolecular Engineering / National Creative Research 
Initiative Center for Integrated Optofluidic Systems, Korea advanced institute of science and technology, Daejeon, Republic of Korea 

Mesoporous materials with hierarchical structures and well-defined morphologies have attracted a great deal of research interest because of their 
potential applications in drug delivery, catalysis, separation and sensors. We demonstrated a simple synthetic strategy of mesoporous hollow silica 
spheres using diffusion-induced phase separation in combination with evaporation-induced self-assembly. To do this, we used PDMS-glass hybrid 
microfluidic flow focusing device which was able to produce monodisperse aqueous emulsions containing pre-hydrolysed silica sol, triblock copolymer 
(Pluronic F127) as a structure-directing agent, and water-insoluble polymer such as polymethylmethacrylate. Rapid diffusion of cosolvent 
(tetrahydrofuran) from emulsion droplets induced phase separation inside the emulsion droplets. Further evaporation of water induced the self-assembly 
of Pluronic F127 template for sol-gel chemistry. High resolution TEM and BET data confirmed that the shells of the obtained microcapsules have 
hierarchical meso- and macropore network structures. 
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Crystallization kinetics and energetics of erbium-containing zinc silicate germanate thin films 
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Modern computing's energy efficiency could be improved by replacing electronic circuits with optical circuits; this would require integrated optical 
amplification. Current optical amplifiers using erbium in silica require an optical path tens of meters long. Certain amorphous mixed metal oxides offer 
the possibility of optical paths shortened to 1% of these lengths. These materials, however, become opaque on crystallization. Crystal growth thus must 
be suppressed. This is investigated in the erbium host zinc silicate germinate. Erbium-containing zinc silicate germinate (Er:ZSG) is synthesized and 
sintered at high temperatures under controlled atmospheric conditions for sputter deposition on Si [100] wafers. The resulting thin films are then 
annealed at various temperatures. X-ray diffraction is used to determine the percent crystallinity of the Er:ZSG film as a function of time. The rate of 
crystallization and its dependence on annealing temperature provide data for Arrhenius analysis. Preliminary Arrhenius data indicate an activation 
energy of crystallization in the zinc silicate germanate film of 1.4x10^2 kJ/mol. 
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Effect of anion size on space group polarity in 1-alkyl, 3,4-dimethylpyridinium salts 

Bryan J. Reynolds, bjreynolds1s@semo.edu, Sowjanya Nalla, Marcus R. Bond, bond@mbond2.st.semo.edu.Department of Chemistry, Southeast 
Missouri State University, Cape Girardeau, MO 63701, United States 

The (1,3,4-trimethylpyridinium)2CuCl4 structure occurs in the polar Fdd2 space group while the Br salt is in centrosymmetric P21/c (Acta Cryst. 2009 , 
C65, m279). A size effect is confirmed with MCl4

2-
 salts found in polar Fdd2 when M = Co, Ni, Zn but in centrosymmetric C2/c when M = Mn, Cd. The 

SO4
2- 

salt, which occurs as a trihydrate, and the I
-
 salt are also centrosymmetric. Salts with larger alkyl groups in the 1-position are under investigation. 
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Synthesis of solid and hollow metal oxide microspheres using ultraviolet light 
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Synthesis of Solid and Hollow Metal Oxide Microspheres using Ultraviolet Light  

Cecil K. King'ondu, Naftali Opembe, Aparna Iyer, Eric C. Njagi, Hector F. Garces, Steven L. Suib 

Abstract. 

A rapid ultraviolet (UV) light-assisted method for synthesis of metal oxide nanostructures has been developed. Hollow core-porous shell gamma 
manganese oxide microspheres, solid cerium oxide microspheres, and cobalt oxide hydroxide nanoflowers were prepared successfully. Ice and 
circulating water were used to maintain reaction temperature at 8-10°C and 22-23°C, respectively. The nanostructures were characterized using X-ray 
diffraction, field emission scanning electron microscopy, transmission electron microscopy, nitrogen sorption analysis, Fourier transform infrared 
spectroscopy, thermogravimetric analysis, and inductively coupled plasma optical emission spectrometry. This method offers unprecedented short 
reaction times (about 4 min) and simple morphology and textural properties control under non-thermal conditions. Manganese, cobalt, and cerium oxide 
nanomaterials are widely used in catalysis, energy storage, gas sensing, sun screening, and emissions control. 
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Antimicrobial activity of nanostructured bismuth oxide-based composite photocatalysts 

Jonathan R. Weese, Amanda R. Smith, John H. Thurston, jthurston@collegeofidaho.edu.Chemistry, The College of Idaho, Caldwell, Idaho 83605, 
United States 

Hospital acquired infections caused by the gram-positive bacterium, Staphylococcus aureus have been shown to exact a significant economic and 
human cost on the medical system. Our research examines the use of semiconductor photocatalysts to reduce the spread of potentially pathogenic 
organisms in the environment. The work described in this poster is focused on a CuO/Bi2O3 composite system because of its activity under visible light 
irradiation and ability to rapidly degrade the model organic pollutant methyl orange via generation of the potentially cytotoxic hydroxyl radical (øOH). The 
CuO/Bi2O3 composite materials demonstrated remarkable antimicrobial activity against S. aureus under visible light irradiation on semi-porous surfaces 
and in solution. 

INOR 329 

Exploration into heterobimetallic complexes of chromium and cobalt 
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Homogenous heterobimetallic complexes containing an early-late transition metal pair are interesting as possible catalysts for processes involving small 
molecule activation. Using a bifunctional ligand based on a tris-(2-aminophenyl)amine backbone with pendant phosphine donors (TrenPhos), bimetallic 
complexes consisting of chromium and cobalt were targeted over a range of oxidation states. The synthesis and characterization of the monometallic 
chromium complex along with the chromium-cobalt bimetallic complexes will be presented herein. 
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Phosphinite-promoted hydroacylation as an approach to both aldol and homoaldol products 

Stephen K Murphy, stephen.murphy@utoronto.ca, David A Petrone, Matthew M Coulter, Vy M Dong.Department of Chemistry, University of Toronto, 
Toronto, Ontario M5S 3H6, Canada 

Hydroacylation is an atom economical and efficient method for preparing ketones from readily available aldehyde and olefin precursors. In this poster, 
we report the rhodium-catalyzed intermolecular hydroacylation of allylic and homoallylic alcohols to give aldol and homoaldol products, respectively. Our 
method is also applicable to hydroacylation of 2-hydroxystyrenes. This reaction is promoted by a phosphinite co-catalyst that reversibly binds both the 
substrate and metal to promote the olefin functionalization. 

INOR 331 

Group 9 phosphinte pincer complexes as catalysts for cross-coupling reactions 

Samuel D Timpa, samtimpa@gmail.com, Christopher J Pell, Oleg V Ozerov.Department of Chemistry, Texas A&M University, College Station, TX 
77843, United States 

Recently, the pincer ligated (P
O
C

O
P

iPr
)Rh fragment has been shown to catalyze C-C, C-N, and C-S cross-coupling reactions. This system utilizes the 

interconversion between Rh
I
/Rh

III
 oxidation states via oxidative addition and reductive elimination. Several catalytic intermediates have been isolated, 

including (P
O
C

O
P

iPr
)Rh(Ar)(X) (Ar = aryl; X = halide), (P

O
C

O
P

iPr
)Rh(Ar)(O

t
Bu), (P

O
C

O
P

iPr
)Rh(Ar)(Nuc) (Nuc = NHR, SR). Reactivity of alkyl amines and 

secondary amines have also been studied. Based on stoichiometric experiments, reductive elimination is expected to be the rate-limiting step of these 
processes. The kinetics of C-N reductive elimination have been examined and confirm concerted first-order reductive elimination with activation 
parameters of ȹH

ÿ
= 24(1) Kcal/mol and ȹS

ÿ
= -9(4) eu. Investigation has also begun towards analyzing the potential of analogous (P

O
C

O
P

iPr
)Co 

fragments to undergo similar transformations, particularly oxidative addition and reductive elimination. Thus far, several (P
O
C

O
P

iPr
)Co complexes have 

been characterized, including the low spin paramagnetic (P
O
C

O
P

iPr
)Co(Cl)2 and high spin diamagnetic (P

O
C

O
P

iPr
)Co(Ph)(Cl). 

INOR 332 

Development of an asymmetric rhodium-catalyzed intermolecular ketone hydroacylation reaction 

Kevin GM Kou, kkou@chem.utoronto.ca, Vy M Dong.Department of Chemistry, University of Toronto, Toronto, Ontario M5S 3H6, Canada 

Rhodium-catalyzed ketone hydroacylation involves the addition of a hydride and acyl unit across a ketone to generate an ester linkage. Our group has 
shown that keto-aldehydes can undergo ketone hydroacylation in the presence of a chiral rhodium(I) catalyst to generate lactones in a stereoselective 
manner; however, the intermolecular variant of this reaction with metal catalysts has remained elusive. Efforts toward the development of an asymmetric 
metal-catalyzed intermolecular ketone hydroacylation will be described. 

 

 
 

INOR 333 

Investigation of transition metal-catalyzed hydroarylation through C-H bond activation 
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I-Hon Chen, ichen@chem.utoronto.ca, Hsin John Su, Vy M Dong.Department of Chemistry, University of Toronto, Toronto, Ontario M5S 3H6, Canada 

Transition metal-catalyzed CˈC bond formation through aromatic CˈH activation was investigated as shown in figure. The reaction proceeded 
smoothly with olefin in mild condition to afford hydroarylation products in good yields. Wide generality of substrate scope was shown to include electron-
rich and electron-poor aromatic compounds. Further transformation of the desired product was conducted to show the high utility of this metal-catalyzed 
reaction system. 
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Synthesis and characterization of iridium complexes supported by a dianionic SiNN pincer ligand 

Chun-I Lee, smileeveryday@gmail.com, Oleg Ozerov.Department of Chemistry, Texas A&M University, College Station, Texas 77843, United States 

The iridium complexes supported by a new dianionic SiNN pincer ligand were synthesized and characterized. Through Si-H bond activation, SiNN pincer 
ligand was installed onto iridium to form (SiNN)Ir(H)(COE). The carbon monoxide derivatives, (SiNN)Ir(H)(CO) and (SiNN)Ir(H)(CO)2 were also been 
made and examined their electronic environment. By treating (SiNN)Ir(H)(COE) with excess pinacolborane, diboryl complex (SiNN)Ir(H)(Bpin)2 was 
obtained and showed a rare non-Cp analogous Ir(V) complex structure. 

INOR 335 

Chemistry of three coordinate (PNP)Pd
+
 cations 

Rafael Huacuja
1
, rhuacuja@mail.chem.tamu.edu, Oleg Ozerov

1
, Claudia Fafard

2
.  (1) Department of Chemistry, Texas A&M University, College Station, 

TX 77840, United States  (2) Department of Chemistry, Brandeis University, Waltham, Massachusetts 02453, United States 

This presentation will discuss the synthesis, characterization, and reactivity of a three-coordinate (PNP
iPr

)Pd
+
 cation. (PNP

iPr
)Pd

+
 cations are generated 

by abstracting triflate from (PNP
iPr

)PdOTf using either sodium or silylium cations in combination with weakly coordinating anions (tetraarylborates and 
carboranes). Magnetic susceptibility measurements and DFT calculations suggest a triplet ground state. In the absence of a base these highly 
unsaturated palladium cations undergo isomerization of the ancillary ligand from diisopropyl phosphine (PNP

iPr
) to isopropyl n-propyl phosphine 

(PNP
nPr,iPr

). The isomerization allows for coordination of arenes by decreasing the steric congestion around the metal. 

INOR 336 

Assymetric pincer ligands and their late metal complexes 

Jillian J Davidson, jillian.davidso@mail.chem.tamu.edu, Oleg V Ozerov.Department of Chemistry, Texas A&M, College Station, TX 77845, United 
States 

A new class of Rh and Pd complexes bearing asymmetric pincer ligands have been synthesized and their reactivity explored. It has been observed that 
these complexes bear redox active ligands and that changing the donor atoms and the substituents on the backbone can systematically alter their 
reactivity. A comprehensive study of these effects has been conducted. Both cyclic voltammetry and the ɜCO values determined for (pincer)Rh(CO) 
complexes illustrate the different electronic parameters imparted by a series of pincer ligands bearing diarylamine backbones. 

INOR 337 

Synthesis and reactivity of multinuclear cobalt complexes relevant to water oxidation based on a hexapyridyl, trialkoxy 1,3,5-triarylbenzene 
ligand 

David E Herbert, dherbert@caltech.edu, Theodor Agapie.Division of Chemistry and Chemical Engineering, California Institute of Technology, 
Pasadena, California 91125, United States 

In photosynthetic organisms, the oxygen-evolving complex (OEC) responsible for generating dioxygen from water utilizes a catalytic Mn4CaOn 
multimetallic cluster, where n varies with the mechanism and nature of the intermediate. Building on the rational synthesis of a [Mn3CaO4]

6+
 cubane that 

structurally models the trimanganese-calcium-cubane subsite of the OEC
1
 as part of our continuing efforts to rationally exploit multinucleating scaffolds,

2
 

we herein present our efforts at constructing analogous [Co3CaOn]
m+

complexes. The synthesis of trinuclear Co(II)-containing compounds,
3
 their reactivity 

towards oxygenous oxidants and the incorporation of redox-inert calcium cations into oxygenated clusters will be described, as will the relevance of this 
chemistry in modeling heterogeneous Co-based systems for practical water oxidation.

4
 

1. Kanady, J.S.; Tsui, E.Y.; Day, M.W.; Agapie, T. Science 2011 , 333, 733 

2. Tsui, E.Y.; Day, M.W.; Agapie, T. Angew. Chem., Int. Ed. 2011 , 50, 1668 

3. Tsui, E.Y.; Kanady, J.S.; Day, M.W.; Agapie, T. Chem. Commun. 2011 , 47, 4189 

4. Kanan, M.W.; Nocera, D.G. Science 2008 , 321, 1072 

INOR 338 

Synthesis and reactivity of phosphino-amino (PCN) complexes of iridium 

Jaime A Flores, jaf365@rci.rutgers.edu, Michael C Haibach, Alan S Goldman.Department of Chemistry and Chemical Biology, Rutgers University, 
Piscataway, NJ 08854, United States 

The ligand precursor 1,3-(di(t-butyl)phosphino-oxy)(di(isopropyl)aminomethyl)benzene ("POCN-H") has been synthesized. It has been used to 
synthesize pincer (kappa-3-PCN) iridium complexes, including (POCN)IrHCl. A comparison of their reactivity with the corresponding PCP pincer 
complexes, with respect to both the differences engendered by a coordinated amino group vs. a phosphino group, as well as the possibility of 
hemilability resulting from dissociation of the amino group, has been initiated. 

INOR 339 

Kinetic studies of C-N coupling via reductive elimination from a (POCOP) supported rhodium complex 

Christopher J Pell, pellc21@gmail.com, Oleg V Ozerov, Samuel D Timpa.Department of Chemistry, Texas A&M University, College Station, Texas 
77840, United States 

The (POCOP)Rh fragment has been shown to catalyze C-N coupling of aryl halides and aryl amines. This is possible due to the system's ability to 
undergo a Rh(I)/Rh(III) transformation through the elementary steps of oxidative addition and reductive elimination; however, the specifics of the 
mechanism are yet to be established. Reductive elimination of the aryl amine organic product is expected to be the rate limiting step of the reaction, 
following concerted, first-order reductive elimination. The kinetics of C-N coupling from a Rh(III) aryl amido complex were studied under various 
conditions. The rate of the reaction was monitored using a fluorine-tagged aryl substituent by 

19
F NMR. The reductive elimination of the aryl amine 
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product was determined to be first-order with activation parameters of ȹH
ÿ
= 24 +/- 1 Kcal/mol and ȹS

ÿ
= -9 +/- 4 eu. This research was supported by the 

National Science Foundation under CHE-1062840. 

INOR 340 

Synthesis, characterization and electrochemistry of ruthenium(II) complexes of mixed pyrazolyl -bipyridyl complexes: Potential sensitizers for 
dye sensitized solar cells 

Peter A Ajibade, pajibade@ufh.ac.za.Department of Chemistry, University of Fort Hare, Alice, Eastern Cape 5700, South Africa 

Research on artificial photosynthesis in the form of dye solar cells has picked up substantial momentum during the past decade. The conversion of 
sunlight into electricity through photovoltaic devices is a clean abundant and renewable energy source that provides one of the most promising 
alternatives to meet the ever-increasing energy requirement in the world. At present, the direct conversion of solar radiation into electrical energy uses 
silicon semiconductor material that is quite expensive and require energy intensive processing techniques, thus research on energetically economic 
alternatives is desirable. Since the early 1990s, Ru(II) complexes of polypyridines have been widely studied because of their photo physical and 
photochemical properties. In our effort to develop sensitizers for dyes sensitized solar cells, the synthesis and characterization of mixed pyrazolyl-
bipyridyl complexes of Ru(II) and the evaluation of their photophysical and photochemical properties are presented. 

INOR 341 

Charge carrier dynamics in heterostructured semiconductor nanocrystals 

Elena Khon
1
, khone@bgsu.edu, Timothy F O'Connor

2
, Dmitriy G Khon

1
, Scott M Lambright

2
, Andrew C Furst

2
, Andrew P Kuledge

2
, Bryan A Smith

2
, 

Ryan J Lorek
2
, Mikhail A Zamkov

2
.  (1) Department of Chemistry, Bowling Green State University, Bowling Green, OH 43402, United States  (2) 

Department of Physics and Astronomy, Bowling Green State University, Bowling Green, OH 43402, United States 

The ability to manipulate exciton-plasmon excitations at nanoscale is important to fundamental science and practical applications, as this interaction 
gives rise to unique optoelectronic properties of the semiconductor moiety, including light absorption characteristics, deployable for light-harvesting 
applications, or enhanced emission rates, suitable for the development of lasers, LEDs, and bio-labels. To date, most systems designed to control 
exciton-plasmon interactions rely on weak coupling of semiconductor and metal domains. We'll demonstrate the development of directly-coupled 
semiconductor-metal nanocrystals, exhibiting a strong exciton-plasmon interaction. We'll explore a novel, three-domain nanocomposite morphology 
comprising a core/shell semiconductor component designed to localize excitons in the core domain of the structure, and the metal nanoparticle grown 
directly on the surface of the shell. Here, the shell will provide a substantial potential barrier to core-localized charges, such that carrier wave functions in 
semiconductor-metal domains will have very little overlap. Colloidal synthesis techniques and spectroscopy analysis will be presented. 

INOR 342 

Hydrothermal synthesis of CdS nanoparticles embedded within porous TiO2 microshperes for photocatalytic activity 

Hyeryong Jang, hrjang87@hotmail.com, Jung Bo Yoo, Kang Hyuk Lee, Nam Hwi Hur.Department of Chemistry, Sogang University, Seoul, Republic of 
Korea 

CdS nanoparticles (NPs) embedded evenly within TiO2 microspheres were prepared by using porous TiO2 microspheres as templates. Encapsulation of 
Cd species into porous TiO2 matrix was achieved by a hydrothermal method, which was subsequently annealed under the CS2/Ar atmosphere at 523 K. 
The final microspheres (CdS@TiO2) are highly crystalline, which are characterized by TEM, SEM, X-ray diffraction, nitrogen adsorption-desorption 
isotherms, and UV-visible diffuse reflectance spectroscopy. For photocatalytic experiments, Pt NPs were photo-deposited on the surface of CdS@TiO2. 
The Pt-loaded CdS@TiO2 exhibits highly efficient photocatalytic activity under visible light. Hydrogen evolution as a function of time was carefully 
monitored during a 1-day period under visible light. The rate of hydrogen production from water is over 534 ɛmol/h, which is much higher than those 
obtained from other CdS/TiO2 composites. We checked the change of Pt-loaded CdS@TiO2 before and after hydrogenation with X-ray diffraction, 
showing no virtual change in structure. 

INOR 343 

Novel Ir(III)-based supramolecular systems for photoinduced hydrogen production 

Benjamin Elias, Benjamin.Elias@uclouvain.be.Institut de la Matière Condensée et des Nanosciences, Université catholique de Louvain, Louvain-la-
Neuve, Belgium 

Ir(III) complexes have been extensively studied for several years and their use in OLEDs or as biomarkers or biosensors is well established. These 
complexes are known for their versatility and their photophysics and phochemical properties can be easily tuned upon chemical modification of the 
ancillary ligands. Although harsh synthetic conditions are required for the synthesis of [Ir(bpy)3]

3+
 and parent complexes, Ir(III) systems with 

cyclometallated ligands such as ppy or pbpy (ppy = 2-phenylpyridine, pbpy = 6-phenyl-2,2'-bipyridine) are more easy to synthesize and display 
remarkable properties. Here, we present a series of new cyclometallated Ir(III) complexes showing interesting properties in the field of renewable energy 
sources. We will show how these new powerful systems are good candidates for the development of supramolecular systems for light induced hydrogen 
production. 

INOR 344 

Solar autoclave based on steam generation using broadband light-harvesting nanoparticles 

Oara Neumann
1
, on4166@rice.edu, Kevin Schell

2
, Benjamin Lu

3
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3
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3
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, Maria Oden

3
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Halas
1
.  (1) ECE, Rice University, Houston, Texas 77005, United States  (2) Department of Mechanical Engineering, Rice University, United States  (3) 

Department of Bioengineering, Rice University, United States 

The lack of effective sterilization processes in the medical practices in third world countries increases the risk of transmitting diseases. Modern medical 
facilities use autoclave systems to sterilize medical instruments and equipment that contain harmful contagions, but the power required to operate the 
autoclave is not always available in developing nations. One promising technology that could address the lack of a reliable electric grid in developing 
regions is solar power. A custom-built portable solar-autoclave system generates high pressure/temperature steam that successfully destroyed 
Geobacillus stearothermophilus bacteria. Unique coral gold plasmonic particles were developed and used in the solar-powered autoclave to harvest a 
broad range of the solar spectrum. 
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Nanobased coatings for the prevention of corrosion and biofouling for marine hydrokinetic energy devices 

Bernadette A Hernandez-Sanchez
1
, baherna@sandia.gov, Susan Altman
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1
, Shane J. 

Stafslien
2
.  (1) Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, NM 87106, United States  (2) Center for Nanoscale Science 

and Engineering, North Dakota State University, Fargo, ND 58102, United States 

Advances in coatings, to prevent biofouling and corrosion, are needed to support marine hydrokinetic (MHK) device operation, performance, and 
reliability. MHK devices are being developed to produce renewable energy from ocean waves, tides, and thermal gradients. Due to the promise of 
enhanced protection, nanobased coatings are being pursued to determine performanceðwhich is critical before they can be accepted by the MHK 
industry. To investigate fundamental properties, self-assembled monolayers and nanocomposites of: Ag, ZnFe2O4, CNT, CeO2, SiO2 were explored. The 
nanoparticles were prepared through either a solution precipitation or solvothermal route. Corrosion resistance was characterized from electrochemical 
impedance spectroscopy while High-Throughput and CDC reactor techniques were used to determine biofouling prevention. Results were compared to 
commercially available coatings. Sandia National Laboratories is a multi-program laboratory operated by Sandia Corporation, a wholly owned subsidiary 
of Lockheed Martin company, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. 

INOR 346 

Platinum-tipped semiconductor tetrapod nanocrystals for photocatalytic hydrogen production 

Shilpa N. Raja
1
, shilpa.n.raja@gmail.com, Lilac D. Amirav

2
, Paul Alivisatos

2
.  (1) Materials Science and Engineering, University of California, Berkeley, 

Berkeley, California 94709, United States  (2) Department of Chemistry, University of California, Berkeley, Berkeley, California 94709, United States 

One crucial question in the field of photocatalysis is how nanocrystal morphology affects hydrogen production efficiency. Most work on the Cadmium 
sulfide (CdS)-Platinum(Pt) model system has shown significantly different efficiencies based on nanocrystal morphology. Our lab incorporated cadmium 
selenide(CdSe) seeds into CdS-Pt rods to promote charge separation, illustrating high photocatalytic efficiency. The shape of the tetrapod provides 
properties that could result in improved photocatalytic efficiency over rods. In the literature, the highest overall rate for water-splitting occurred in a 
stepped structure with grooves. It is possible that h

+
 scavenger oxidation may be enhanced due to the grooves between the tetrapod arms and seed, as 

well as by the physical confinement of intermediates provided by the four branches. Tetrapods also exhibit optical properties that may benefit 
photocatalytic efficiency. Here, we present the synthesis and characterization of platinum-tipped semiconductor tetrapods and preliminary results of 
photocatalytic hydrogen production. 

INOR 347 

In situ electron microscopy of nanoscale materials for Li-ion battery and piezoelectric energy harvesting technologies 

Reza Shahbazian-Yassar
1
, reza@mtu.edu, Hessam Ghassemi

1
, Yoke Yap

1
, Ming Au

2
.  (1) Michigan Technological University, Houghton, MI 49931, 

United States  (2) Savannah River National Laboratory, Aiken, SC, United States 

Low dimensional materials have received considerable attention for their unique properties in energy storage (batteries) and energy harvesting 
(nanogenerators) devices. In this presentation, we cover the in-situ studies of zinc oxide nanowires (ZnO NWs) for piezoelectric energy harvesting and 
Silicon nanorods (NRs) for Li-ion batteries. Size scale effects were observed in ZnO nanowires and were explained by the modification of atomic 
structure at the nanowire surface. We also studied the mechanics of lithiated Si NRs to understand the effect of lithium intercalation into the structure of 
NRs. 

INOR 348 

Highly aligned carbon nanotube forests coated by superconducting NbC 

Guifu Zou
1
, zouguifu@suda.edu.cn, Hongmei Luo
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National Lab, United States  (4) North Carolina State University, United States  (5) University of Cambridge, United Kingdom 

The formation of carbon nanotube and superconductor composites makes it possible to produce new and/or improved functionalities that the individual 
material does not possess. Here we show that coating carbon nanotube forests with superconducting niobium carbide (NbC) does not destroy the 
microstructure of the nanotubes. NbC also shows much improved superconducting properties such as a higher irreversibility and upper critical field. An 
upper critical field value of ~5 T at 4.2 K is much greater than the 1.7 T reported in the literature for pure bulk NbC. Furthermore, the aligned carbon 
nanotubes induce anisotropy in the upper critical field, with a higher upper critical field occurring when the magnetic field is parallel to the carbon 
nanotube growth direction. These results suggest that highly oriented carbon nanotubes embedded in superconducting NbC matrix can function as 
defects and effectively enhance the superconducting properties of the NbC. 

INOR 349 

Magnetic properties of nickel nanoparticles within ceramic fuel cells 

James R O'Brien
1
, jobrien@qdusa.com, Ivar Reimanis

2
, Andre Strydom

3
, W. Grover Coors

4
.  (1) Applications, Quantum Design, San Diego, CA 92121, 

United States  (2) Metallurgical and Materials Engineering, Colorado School of Mines, Golden, CO 80401, United States  (3) Physics, University of 
Johannesburg, Johannesburg, South Africa  (4) Ceramatech, Salt Lake City, UT 84119, United States 

Magnetic characterization from 0.4 K to 1000 K temperature range has proven uniquely qualified to follow reaction progress and distinguish sizes of 
Nickel particles generated. Infusion of metallic nano-particles into environmentally robust, stable ceramic host lattices could impact various energy sector 
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technologies, from oxide/hydride ion conduction fuel cells to heterogeneous catalysis. A key development is reducing cost for large scale production of 
these materials. Adding small amount of NiO as sintering aid lowers temperature for rapid diffusion in bulk 10% Yttria stabilized Zirconia (10YSZ), 
enables synthesis of perovskite barium zirconate (BZO) compounds and helps stabilize cubic phase Zirconia under 10 nm particle size. Magnetic 
analysis will quantify Ni

2+
 ion solubility limits, monitor rate of reduction and characterize the nature of metallic nano-particles. Super-paramagnetic 

properties confirm synthesis techniques that yield smallest (under 10 nm) Ni particles. The temperature and DC field dependence of low frequency 
SQUID based AC susceptibility response will establish particle size distribution on the bulk scale. 

INOR 350 

Structural and electronic properties of bare and capped CdnSen/CdnTen nanoparticles (n = 6, 9) 

Aleksey E. Kuznetsov
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, Spiros S. Skourtis
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3
.  (1) Department of Chemistry, Duke 

University, Durham, NC 27708, United States  (2) Department of Physics, University of Cyprus, Nicosia, Cyprus  (3) Departments of Chemsitry, 
Biochemistry and Physics, Duke University, Durham, NC 27708, United States 

We have performed systematic DFT studies of the structural and electronic properties of both bare and capped CdnSen/CdnTen (n = 6, 9) nanoparticles 
(NPs). NH3-, SCH3-, and OPH3-ligands were used as capping groups. NH3-and OPH3-ligands cause HOMO/LUMO energy destabilization in capped 
NPs, which is more pronounced for LUMOs than for HOMOs. Orbital destabilization drastically reduces both the IPv and EAv of the capped NPs 
compared to the bare species. For Cd6X6(SCH3)6 NPs, significant distortion of the NP core (a stack of two Cd3X3 rings) with broken Cd-X bonds was 
found. SCH3-groups cause destabilization of the capped NP HOMOs and stabilization of their LUMOs, which causes reduction of IPv of the capped NPs 
compared with the bare species. For the Cd9X9 NPs, similar trends in the stabilization/destabilization of frontier orbitals were observed in comparison 
with the capped Cd6X6 species. We also observed pinning of the HOMOs for the NH3-and SCH3-capped NPs. 

INOR 351 

[4+2] and [2+2+2] Cycloadditions of a digallene with cyclic polyolefins 

Christine A Caputo
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Molecular Science, Okazaki, Aichi 444-8585, Japan 

We have previously shown that low-valent ñdigalleneò can activate small molecules such as H2, NH3, azides, diazenes, diazomethane, phenylacetylene 
and simple olefins.

1-4
 We now show that cycloaddition of Ar

iPr4
GaGaAr

iPr4
 (Ar

iPr4 
= C6H3-2,6-(C6H3-2,6-

i
Pr2)2) is possible with cyclic polyolefins (e.g. 

norbornadiene, cyclooctatetraene, cyclopentadiene and cycloheptatriene) to give a series of novel structures. 

 

 
 
1
 Zhu, Z.; Wang, X.; Olmstead, M.M.; Power, P.P. Angew. Chem. Int. Ed. 2009 , 48, 2031. 
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Wright, R.J.; Brynda, M.; Fettinger, J.C.; Betzer, A.R.; Power, 

P.P. J. Am. Chem. Soc., 2006 , 128, 12498. 
3
Zhu, Z.; Wang, X.; Lei, H.; Peng, Y.; Fettinger, J.C.; Rivard, E.; Power, P.P. Angew. Chem. Int. Ed. 2009 , 

48, 2027. 
4 
Caputo, C.A.; Zhu, Z.; Brown, Z.D.; Fettinger, J.C.; Power, P.P. Chem. Commun. 2011 , 47, 2506. 
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Silaaziridine from the reaction of didalkylsilylene with imine 

Li Zhifang, zhifanglee@hznu.edu.cn, Chen Weifeng, Kira Mitsuo, mkira@mail.tains.tohoku.ac.jp.Key Laboratory of Organosilicon Chemistry and 
Material Technology of Ministry of Education, Hangzhou Normal University, Hangzhou, Zhejiang 310012, China 

Recently, an isolable diakylsilylene 1 as starting materials for the synthesis of new type interesting compounds has been reported
1
.
 
Its remarkable 

reactivity towards numerous unsaturated organic and organometallic substrates prompted us to investigate the behavior of silylene 1 with various 
substituted of imines. Reactions of an isolable dialkylsilylene1 with imines occur in solution to afford the silaaziridines and azasilacyclobutane according 
to imines used. For example, aldimines 2a -c reacted with 1 smoothly to afford silaaziridines 3 , 4 , and azasilacyclobutane 5 in good yields respectively 
without formation of any secondary or side-reaction products. Under similar conditions, however, the silane 6 was obtained from imine 2d in moderate 
yield. The reaction mechanism of dialkylsilylene1 with imines will be discussed.All products are very stable, which have been fully characterized by 

1
H, 

13
C, and 

29
Si NMR spectroscopy, MS, and single-crystal X-ray diffraction. 

INOR 353 

Synthesis and reactivity of group 13 boryl complexes 

Nicole Dettenrieder, nicole.dettenrieder@uni-tuebingen.de, H. Martin Dietrich, Christoph Schädle, Cäcilia Maichle-Mössmer, Reiner Anwander.Institut 
für Anorganische Chemie, Universität Tübingen, Tübingen, Baden-Württemberg 72076, Germany 

The synthesis and isolation of the first complex with a nucleophilic boryl anion, (THF)2Li{B(NArCH)2} (Ar=2,6-diisopropylphenyl), back in 2006 by 
Segawa et al has triggered considerable research with the aim of generating unprecedented metal-boron bonds. Herein, we investigated the 
accessibility and reactivity of aluminum and gallium derivatives featuring this very boryl ligand. The X-ray structure analyses of dimeric 
[Me2Al{B(NArCH)2}]2 and monomeric Me2Ga{B(NArCH)2} will be presented and the imponderabilites of ate complexation be addressed. Moreover, the 
reactivity of such Group 13 boryls toward organolanthanide complexes will be assessed. 

INOR 354 

Synthesis and characterization of new derivatives of the carborane anion CB11H12(-) and use se as weakly coordinating anions 
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Abhilash Ramasahayam, msu-aramasahaya@student.mcneese.edu, Christos Douvris.Chemistry, McNeese State University, Lake Charles, LA 70605, 
United States 

Derivatives of the carborane anion CB11H12(-) have been used as components of various catalytic systems in the recent years. The weakly 
coordinating nature of the carborane anions in conjunction with their robustness have resulted in noteworthy applications such as the generation of 
superacids and the catalytic hydrodefluorination of C-F bonds. Predominantly, the followed route for derivatization of the icosahedral cage of the anion is 
halogen and/or alkyl substitution. With this contribution, we will report alkoxy substitution of the boron verices that result in fully and partially substituted 
carborane clusters. 
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Crystal structures of Pt(tpy)X
+
 salts 

Amie E Norton, nortonai@mail.uc.edu, Jeanette A Krause, William B Connick.Department of Chemistry, University of Cincinnati, Cincinnati, Ohio 
45220, United States 

[Pt(tpy)X]
+
 complexes are known for their tendency to stack in solution and the solid state. Solid salts of these complexes can absorb vapors of volatile 

organic compounds, which induce changes in the solid-state packing. Because the colors of these materials are dependent on Pt..Pt distances, vapor 
absorption is frequently accompanied by a color change. There is considerable interest in exploiting this phenomenon in practical applications, such as 
chemical vapor sensing. Here we present a detailed analysis of a series of crystal structures of [Pt(tpy)X]

+
 salts with different anions and solvate 

molecules. 
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Lewis acid catalyzed carbon dioxide reduction 

Rudolf J. Wehmschulte, rwehmsch@fit.edu, Manish Khandelwal.Chemistry, Florida Institute of Technology, Melbourne, Florida 32901, United States 

The strong ion-like Lewis acids [Et2Al][CH6B11I6] and [EtZn(ɖ
3
-C6H6)][CHB11Cl11] catalyze the reduction of carbon dioxide with hydrosilanes under mild 

conditions. Depending on the reaction conditions such as choice of solvent, silanes and reaction temperature the products vary. Methane, toluene and 
diphenylmethane were obtained in benzene solution. Mechanistic insights, the structure of intermediates and optimization procedures will be discussed. 
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Low-coordinate and low-oxidation state early transition metals stabilized by bulky substituted terphenyl derivative ligands 

Jessica N Boynton, jnboynton@ucdavis.edu, Philip P Power.Chemistry, University of California, Davis, Davis, CA 95616, United States 

Among open shell (d
1 
ï d

5
) transition metal complexes, those having two-coordination are among the least studied. The focus of this work is the 

synthesis of the widest possible range of two-coordinate paramagnetic complexes involving the early transition metals titanium, vanadium, and 
chromium and the exploration of their reactivities. 

Work on iron and manganese bisamides, has shown that two-coordinate derivatives of first row transition metal complexes have interesting magnetic 
properties.

1,2
 Herein we describe the synthesis and characterization, more specifically the magnetic characterization, of several terphenyl substituted 

derivatives of early transition metals. 

1. Merrill, W. A.; Stich, T. A.; Brynda, M.; Yeagle, G. J.; Fettinger, J. C.; De Hont, R.; Reiff, W. M.; Schulz, C. E.; Britt, R. D.; Power, P. P. J. Am. Chem. 
Soc. 2009 , 131, 12693-12702. 

2. Chengbao, N.; Rekken, B.; Fettinger, J. C.; Long, G. J.; Power, P. P. Dalton Trans. 2009 , 8359-8355. 
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Synthesis and characterization of low-melting ionics based on closo- and nido- carborane anions 

Anna S Larsen
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The presentation summarizes our work in the area of synthesis and characterization of low-melting ionics with derivatized closo- and nido-carborane 
anions and alkyl-pyridinium and bis-alkyl-imidazolium cations. Differential Scanning Calorimetery data will be examined for the trends in phase transition 
thermodynamic characteristics. The comparative motifs of crystal packing are discussed whenever X-ray structures are available. The most recent 
structure was determined for per-chlorinated carborane anion with alkyl- pyridinium cation: 
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Adaptable synthesis for I-III binuclear complexes and corresponding I-III-VI2 materials 

Joshua J. Pak, pakjosh@isu.edu, Andrew W. Holland, Matthew Kihara.Department of Chemistry, Idaho State University, Pocatello, ID 83209, United 
States 

We have developed a robust synthetic method for the preparation of I-III binuclear complexes in excellent yields. The syntheses and characterization of 
binuclear I-III complexes composing the series (R3P)2ME(SEt)xCl4-x (R=Ph or Me; M=Cu or Ag; E=In, Ga or Al; 0 Ò x Ò 4) are described. Through thermal 
decomposition of these I-III binuclear complexes, high temperature phases of I-III-VI2 materials can be prepared. The solid-state structures, 
spectroscopic features, and suitability of these compounds as molecular single source precursors for I-III-VI2 nanoparticles and related materials will be 
discussed. 
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Simple approach to micropatterning of graphene sheets on flexible substrates by inkjet printing and its wideband dipole-antenna application 

Keun-Young Shin, keunza@snu.ac.kr, Eunwoo Lee, Seon Joo Park, Jyongsik Jang.Department of Chemical and Biological Engineering, Seoul 
National Univ., Seoul, Republic of Korea 

The patterned graphene sheets were successfully fabricated by the reduction process of prepatterned graphene oxide (GO) using inkjet printing. 
Importantly, the hydrophilic property of GO as a conducting ink could make it possible to overcome the limitations on conducting ink preparation. 
Furthermore, the patterned graphene line had a much higher resolution compared to other conducting polymer-based inks. The graphene-based thin film 
exhibited sustained electrical conductivity, and manipulating the gradient pattern offered an attractive opportunity to control the sheet resistance at 
designed positions. In addition, the graphene-based thin film was able to be applied for the electrode of a practical wideband (WB) dipole antenna used 
as a reference antenna model  

 
 
 
. 
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Study of luminescent nanoporous crystalline materials 

Ruiqin Zhong
1
, zhongruiqin@gmail.com, Anthony K. Burrell

2
, Rico E. Del Sesto

1
.  (1) Materials Physics and Applications Division, Los Alamos National 

Laboratory, Los Alamos, New Mexico 87545, United States  (2) Chemical Sciences and Engineering Division, Argonne National Laboratory, Argonne, 
Illinois 60439, United States 

As a popular family of nanoporous crystalline materials, metal-organic frameworks (MOFs) have been of significant interest for their regular microporous 
or mesoporous structures and multiple potential applications, such as gas storage and separation, catalysts, and sensing. Here we investigate the 
potential of MOFs for highly sensitive absorption of guest molecules, including those that present environmental hazards. Functional luminescent MOFs 
have been created considering the effects of metal sites, organic linkers and structures. The combination of permanent nanoporous MOFs and 
extremely efficient fluorescent dyes will further promote the sensitivity and selectivity of other guest molecules. The structures of the luminescent 
composites and mechanism of the sensing process will be further revealed and discussed. 
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Flexibility of multidentate ligands in the formation of supramolecular metal complexes 

Andrew W. Maverick, maverick@lsu.edu.Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, United States 

The basic premise of supramolecular metal-organic chemistry is that geometric preferences of ñbuilding blocksò (metal ions and organic ligands) indicate 
how they will assemble into larger structures. However, relatively small distortions of bonds/bond angles away from ideal values can easily lead to 
ñincorrectò large structures. 

 

 
 
 
Two examples are shown: metal-pyridine (M-py) and metal-ɓ-diketonate (M-diket) complexes. In crystal-structure analyses, M-py complexes show 
smaller average distortions (i.e. are ñless flexibleò) than those of M-diket complexes. A ligand that is ñless flexibleò tends to behave that way for a variety 
of metal ions. The implications for supramolecular structures will be discussed. 
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New apporoaches to the chemical synthesis of polycyclic electron-donor for nanoelectronic study 

Hua-Tay Lin
1
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.  (1) Department of Material Science and Technology, Oak Ridge National 

Laboratory, Oak Ridge, TN 37831, United States  (2) Department of Bioengineering, Northwestern Polytechnic University, Fremont, CA 94539, United 
States  (3) Department of Applied Chemistry, Chung Shan Medical University, Taichung, Taiwan 40201, Taiwan Republic of China 

Several polycyclic aromatic compounds have been prepared as polycyclic electron donors to be substitued on the carbamate ester 
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Controllable preparation and characterization of Fe3O4 magnetic nanoparticles 

Chuanyan Li
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Nanjing, Jiangsu 210096, China  (3) School of Chemistry and Life Science, Guangdong University of Petrochemical Technology, Maoming, Guangdong 
525000, China 

We presented a systematic study on the size and morphology of Fe3O4 magnetic nanoparticles via adjusting the dosages of three initial reagents 
involved FeCl3·6H2O, NH4Ac and a structure-directing agent. The results showed that the dosage of FeCl3·6H2O had important influence on the size and 
shape of prepared Fe3O4 magnetic nanoparticles. With the increasing of FeCl3·6H2O dosage, the size of nanoparticles was adjusted from ~350nm to 
~700nm and their shape also became more uniform. Meanwhile, the size of prepared magnetic nanoparticles was greatly influenced by the structure-
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directing agent dosage. Concretely, it decreased obviously with increasing the dosage of the structure-directing agent. Moreover, the dosage of NH4Ac 
had little effect on the size and morphology of Fe3O4 magnetic nanoparticles. Therefore, by this strategy, we can obtain the different size of controllable 
magnetic nanoparticles which can be used for the different application requirements of many fields. 

INOR 365 

Polyamines as both solvents and stabilizing agents to prepare water-soluble Fe3O4 nanoparticles with reactive surface functionalities 

Haiou Qu
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.  (1) Advanced Materials Research Institute, University of New Orleans, New Orleans, LA 
70148, United States  (2) Department of Chemistry, University of New Orleans, New Orleans, LA 70148, United States 

We report a one-pot synthesis method to prepare water-soluble magnetite nanoparticles. Polyamines are chosen as reaction medium for the iron 
precursors and facilitate the nucleation and subsequent growth of the nanoparticles. By controlling the heating rate, variable sized Fe3O4 nanoparticles 
with narrow size distribution can be prepared. Polyamines coated nanoparticles are stable and highly positive charged in aqueous solution. The free 
amine functional groups are readily available for the attachment of small gold nanocrystal or CdSe/ZnS core-shell quantum dots onto the surface of 
magnetite nanoparticles. The conjugation of biotin to the nanoparticles via amine group enable the polyamine coated nanoparticles to specifically 
separate streptavidin from multiple proteins. Their low non-specific interaction, reactive surface functional groups, stable protective ligand shell and the 
high saturation magnetization make amine functionalized nanoparticles promising candidate agents for bioseparation and other biomedical applications. 
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Zinc oxide nanoparticles doped with Co, Ni and Mn as dilute magnetic semiconductors 

William M Rankin, william.rankin01@gmail.com, Jared M Hancock, Roger G Harrison.Department of Chemistry and Biochemistry, Brigham Young 
University, Provo, Utah 84602, United States 

Zinc oxide nanoparticles doped with transition metals have great potential as dilute magnetic semi-conductors. As magnetic semiconductors they could 
have use in spintronic devices that utilize the magnetic spins of electrons to store and transfer electronic information. We synthesized these 
nanoparticles in a low temperature methanolic solution. The percentage of the dopant metal in solution was adjusted to 1,2,3,5,7 and 10 percent to 
increase the amount of dopant that was incorporated into the nanoparticles. Effects of the transition metal doping on the magnetism, band gap and UV 
absorption of the nanoparticles were documented for the varied percentages. Through x-ray diffraction, and ICP spectroscopy we have determined that 
Ni

2+
, Mn

2+
 and Co

2+
 were successfully incorporated in to the zinc oxide wurtzite structure, resulting in nanoparticles ranging in size from 8 to 13 nm. The 

synthesized nanoparticles also demonstrate a self-assembly into spheres of one to two microns in size.  
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Synthesis and gas sensing properties of zinc oxide nanorod and nanoplate 

Sang Kyoo Lim, limsk@dgist.ac.kr, Sung-Ho Hwang, Seong Hui Hong, SoonHyun Kim.Division of Nano&Bio Technology, Daegu Gyeongbuk Institute 
of Science and Technology, Daegu, Republic of Korea 

Nanostructured metal oxides have been the subject of great attention in the field of nanotechnology both from a fundamental and industrial point of view. 
For example, their peculiar electrical properties make them suitable as active sensing materials in resistive sensors, with enhanced performance with 
respect to bulk materials. Pure ZnO is an n-type semiconductor with a wide bandgap (3.37 eV) and it is one of the most promising materials due to its 
use in a wide range applications in various fields, including short wavelength light-emitting diode and room temperature ultraviolet (UV) lasing diode, 
solar cell, UV-absorber, transparent conductor, gas sensor, etc.. ZnO nanostructures, such as nanowires, nanobelts, nanoflowers and other special 
nanostructures have been successfully synthesized using various approaches. In this study, we synthesized rod and plate-like ZnO by solvothermal 
process with precursors such as zinc chloride and zinc acetate dihydrate. The gas sensing properties of the ZnO based sensors to carbon monoxide 
(CO) in air were analyzed. 
 
 

 
 
 
FE-SEM images of synthesized ZnO with different different precursors: (a) ZnCl2, (b) Zn(Ac)2 
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Photochemical vs. thermal synthesis of cobalt(III) oxyhydroxide nanocrystals 
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We have synthesized small, monodisperse, spherical nanocrystals of Co(III)OOH (size 3.3±0.9 nm) by photolyzing aqueous solutions of [Co(NH3)5Cl]Cl2 
at 350 nm. A mechanistic investigation shows that neither Co(H2O)

3+
 nor Co(H2O)

2+
 are reactive intermediates. The decomposition of [Co(NH3)5Cl]Cl2 

proceeds both photochemically at room temperature and thermally at 80°C; however, crystals produced thermally exhibit sizes up to 250 nm, and are 
composed of crystalline rod formations surrounded by amorphous regions. Thermogravimetric analysis shows that the smaller, photochemically 
prepared CoOOH nanocrystals exhibit a phase transition to Co3O4 at 210°C, while the larger, thermally prepared CoOOH crystals undergo the same 
transition at 250°C. We heated dry samples of nanocrystalline CoOOH to produce small Co3O4 (size 5±1 nm) nanocrystals of similar spherical 
morphology. We characterized the electronic structure and density of states of CoOOH computationally, using the Vienna Ab-initio Simulation Package. 
Low-temperature photochemical nanocrystal syntheses could allow isolation of doped nanocrystals and other unstable phases. 
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Visible light driven TiO2 nanorods decorated graphene sheets photocatalysts via a non-hydrolytic solïgel reaction 

Eunwoo Lee, iameuno@snu.ac.kr, Keun-Young Shin, Seon Joo Park, Jyongsik Jang.Department of Chemical and Biological Engineering, Seoul 
National Univ., Seoul, Republic of Korea 

The TiO2 nanorods decorated graphene sheets (TNGS) are fabricated via a facile non-hydrolytic solïgel approach. Various analytical methods 
confirmed that the TiO2 nanorods are well-dispersed and successfully anchored on the graphene surface by covalently bond. In addition, photocatalytic 
activities are performed by varying the weight ratio of graphene oxide and TiO2 in the view point of the efficiencies of photodecomposition and adsorption 
of methylene blue. The as-synthesized TNGS showed unprecedented photodecomposition efficiency compared to the pristine TiO2 nanorods and the 
commercial P25 under visible light. It is believed that this predominant photocatalytic activity is due to the synergistic contribution of both a retarded 
charge recombination rate caused by the high electronic conductive graphene and an increased surface area originated from nanometer-sized TiO2 

nanorods. Furthermore, photoelectrochemical study is performed to give deep insights into their roles in the photocatalytic reaction  

 
 
 
. 
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Efficient photolysis of water by TiO2 microspheres with yolk shell structure 

Hyojin Yoo, dh738@hanmail.net, Jungbo Yoo, Kanghyuk Lee, Namhwi Hur.department of chemistry, sogang university, seoul, Republic of Korea 

TiO2 microspheres with yolk shell structure were fabricated by using core/shell silica microspheres as templates. The core/shell silica was coated via a 
sol-gel route with a titanium alkoxide solution. Only silica shell was selectively etched by 1 M NaOH solution, leaving behind yolk shell (SiO2@TiO2) 
microsphere with void space between them. The resulting TiO2 microsphere has an average diameter of 500 nm with about 30 nm thickness of TiO2 
shell, which was characterized by transmission electron microscopy, scanning electron microscopy, X-ray diffraction, nitrogen adsorption-desorption 
isotherms, and UV-visible diffuse reflectance spectroscopy. We loaded Pt particles within the TiO2 shell (SiO2@Pt-TiO2) and also attached them outside 
the shell (SiO2@TiO2-Pt). Photocatalytic hydrogen production rates of SiO2@Pt-TiO2 were significantly enhanced compared with those of SiO2@TiO2-Pt. 
This difference is likely due presumably to light scattering efficiency of TiO2. The yolk shell microsphere is promising in wide applications such as nano-
reactor, catalysis, and tunable photonic crystal. 
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Controlled growth of Si nanowires using a simple solution based approach 
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Silicon nanowires have attracted a large amount of research interest due to their potential in devices ranging from transistors to photovoltaics and lithium 
ion storage components. The majority of solution based, Si NW growth methods require temperatures which are not easily attainable in conventional 
organic solvents to allow decomposition of organometallic precursors. As a result, typically used approaches require supercritical media to facilitate NW 
growth. In comparison, Ge NW formation by high boiling point solvent (HBS) based approaches represents a growing research area. We have recently 
shown the growth of Ge NWs on various substrates using a glassware based HBS route.

1-3
 Here, we show that this HBS system can be extended to the 

growth of crystalline Si NWs by choosing the appropriate reaction conditions, catalyst material and organometallic precursor. The NWs were 
characterized using electron microscopy and the relationship between the catalyst seeds and the NWs was identified. 

(1) Barrett, C. A.; Geaney, H.; Gunning, R. D.; Laffir, F. R.; Ryan, K. M. Chemical Communications 2011 , 47, 3843-3845. 

(2) Geaney, H.; Dickinson, C.; Barrett, C. A.; Ryan, K. M. Chemistry of Materials ASAP DOI 10.1021/cm202276m 2011 . 

(3) Geaney, H.; Dickinson, C.; Weng, W.; Kiely, C. J.; Barrett, C. A.; Gunning, R. D.; Ryan, K. M. Crystal Growth & Design 2011 , 11, 3266-3272. 
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Self or directed assembly of semiconductor nanorods into vertically aligned arrays offer significant potential for integrating individual nanorod properties 
into device applications. In nanorods solar cells, a significant portion of charge recombination is due to random nanorod distribution which limits power 
conversion efficiencies. By controlling the direction and orientation of nanorods in devices, so the nanorods are both close-packed and aligned 
perpendicularly, properties of the donor-acceptor matrix would greatly improve. Here we show a solution based approach to assembly of II-VI nanorods 
that can be controllably varied between 1D or 2D assemblies by altering surface charge. Sequential 2D arrays of CdSe and CdS nanorods can be 
formed into a 3D architecture with a high degree of order creating the possibility of designing the p-n junction in solution. These assemblies can be 
extended to centimetre scale by electrophoresis. The nanorods are extensively characterized by HRTEM, HRSEM and zeta potentiometry. 

INOR 373 

SnSe nanocrystal film processing and characterization 

Jose Araujo, jose_juan_araujo@yahoo.com.mx, Priscilla D. Antunez, Richard L. Brutchey.Department of Chemistry, University of Southern California, 
Los Angeles, CA 90089, United States 

SnSe nanocrystals are prepared in solution and worked up with tetramethylurea to create a stable ink, thus making them easy to solution process. SnSe 
nanocrystal films are prepared from this ink by spin coating on glass or ITO substrates. The as-prepared films were further treated with a 0.1 M solution 
of anhydrous hydrazine in acetonitrile in an attempt to displace the long, insulating organic ligands on the nanocrystal surface. This ligand exchange was 
monitored via FT-IR spectroscopy, which showed a decrease in the C-H stretching intensity after hydrazine treatment. UV-vis spectroscopy confirmed 
that the band gap did not change significantly after hydrazine treatment. Furthermore, photoelectrochemical measurements were conducted on the films 
before and after ligand exchange to determine its effectiveness, and p-type films treated with hydrazine gave a higher photocurrent than the as-made 
films with current densities of >1 ɛA/cm

2
. 
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Synthesis of II-VI quantum dots using deep eutectic solvents and chalcogen precursors 

Laura L. Lazarus, llazarus@usc.edu, Richard L. Brutchey.Department of Chemistry, University of Southern California, Los Angeles, CA 90089, United 
States 

The synthesis of II-VI quantum dots was achieved in choline chloride-based deep eutectic solvents (DESs). DESs are next generation tunable ionic 
solvents that can be prepared from a wide variety of compounds such as quaternary ammonium salts paired with hydrogen bond donors like amines, 
amides, and carboxylic acids. While having excellent solvation properties, DESs are also generally inexpensive, non-toxic, and easy to prepare in a 
highly purified form. Herein, we report the synthesis and characterization of CdS and CdSe quantum dots prepared from the dissolution of CdO in DESs, 
followed by reaction at moderate temperatures with deep eutectic sulfur and selenium sources. This is the first example of quantum dot synthesis in a 
DES system. 
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One pot synthesis of violet emitting ZnSe and ZnSe/ZnS (core/shell) quantum dots 
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Nitric oxide plays an important role in vasodilatation and increases the effectiveness of radiation treatment; therefore there is considerable interest in 
developing methods that can control the location, timing and dosage of nitric oxide in vivo. In this context, we are developing photochemical NO 
precursors that can be attached to an appropriate molecular or quantum dot (QD) photosensitizer. Zinc selenide quantum dots are of interest, since they 
can be attached to photo-NORMs as an 'antenna' . To make ZnSe QDs we have optimized a simple 1-pot synthesis from zinc octanoate and selenium 
dioxide in the noncoordinating solvent 1-octadecene with the surfactants: trioctylphosphine and 1,2-hexadecandiol. After ZnSe core growth, the crude 
reaction mixture is combined with zinc diethyldithiocarbamate (as well as other surfactants) and zinc sulfide capped in the same pot. This simple 1-pot 
synthesis achieves violet emissive ZnSe/ZnS core/shell quantum dots and is highly reproducible. 
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Structurally-correlated exciton relaxation and energy transfer dynamics in Mn-doped CdS/ZnS core/shell nanocrystals 

HSIANG-YUN CHEN, hychen@mail.chem.tamu.edu, Sourav Maiti, Dong Hee Son.Department of Chemistry, Texas A&M University, COLLEGE 
STATION, TX 77842, United States 

Energy transfer and charge carrier localization dynamics in Mn-doped CdS/ZnS core/shell nanocrystals correlated with doping location and density are 
studied via transient absorption measurement of exciton relaxation dynamics. Energy transfer rate is known as a function of donor-acceptor distance. 
However, such a correlation was previously unable to be resolved in bulk and nano-sized semiconductor due to the difficulty in controlling the doping 
location. We directly obtained such information from doping location-controlled colloidal Mn-doped nanocrystals employing transient bleach recovery 
measurement. With 1.2 nm decrease in radial doping location, energy transfer rate increases by 6 folds. We also identified that hole trapping is the major 
competing process that blocks the energy transfer in Mn-doped CdS/ZnS nanocrystals. From the branching ratio of the energy transfer and hole 
trapping, combined with luminescence quantum yield measurement, we obtained radiative relaxation quantum yield of Mn

2+
 ions that is as high as 0.95. 
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Investigating the kinetics of semiconducting nanoparticle ligand exchange via coordination of tetrathiomolybdate 

David C Grauer, dgrauer@berkeley.edu, A. Paul Alivisatos.Chemistry, UC Berkeley, Berkeley, CA 94702, United States 

Colloidal semiconducting nanoparticle growth and functionality is mediated by a surfactant shell bound to the nanoparticle surface. These ligands have a 
fluxional relationship with the surface, which, amongst numerous other functions, mediates the rate at which monomers add during growth. While 
equilibrium binding constants of various ligand mixtures have been investigated, quantitative rates of ligand surface flux are unknown. Difficulty in 
acquiring differential on/off signals for the ligand on the time scale of the exchange has stymied previous investigations. A new method for studying 
these dynamics will be presented based on the binding of tetrathiomolybdate to Cd(II) surface sites. Upon binding, the free tetrathiomolybdate LM 
charge transfer band at 475 nm vanishes. Tracking this decrease, one can extract the rate at which a ligand releases from the surface to expose a Cd(II) 
site for reaction with tetrathiomolybdate. This method offers a unqiue probe of surface dynamics and ligand-particle exchange kinetics. 
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Click chemistry as a novel synthetic method for surface functionalization of colloidal nanocrystal quantum dots 
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Thus far researchers have encountered difficulties in controlling the functionality at the layer of organic ligands coating colloidal nanocrystals, limiting 
their potential. Herein we present click chemistry as a novel strategy for direct surface functionalization of nanocrystal quantum dots (NQDs). NQDs 
capped with well-controlled mixtures of azido- and vinyl-terminated ligands were grown in solution. Hüisgen cycloaddition was carried out by reacting the 
azido-capped NQDs with a terminal alkyne in the presence of a copper catalyst, resulting in 1,2,3-triazole ring formation. This strategy represents a 
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quick synthetic method to prepare highly stable, compact, and covalently-built NQD assemblies under mild conditions, does not disrupt the native 
inorganic-organic-ligand interphase, and enables an unprecedented degree of control over surface functionalization of NQDs. 
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Vinyl-capped colloidal nanocrystal quantum dots: Synthesis and direct surface functionalization via olefin metathesis 
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Functionalized photoactive nanocrystals are useful in bio-imaging and energy conversion. Current nanocrystal functionalization methods rely on 
uncontrolled ligand exchange reactions and limit their use. We present a new strategy for nanocrystal surface functionalization. Using a metal xanthate 
single-source-precursor, we have synthesized cadmium sulfide nanocrystals containing mixtures of olefin-terminated and saturated surface ligands. 
Varying the ratio of ligands used during synthesis leads to nanocrystals having different amounts of surface vinyl-capps. These nanocrystals have been 
characterized using structural (XRD, TEM) and spectroscopic (UV-Vis, PL, IR) methods. When reacted with vinyl-terminated functional groups via cross-
olefin metathesis, the number of vinyl-capped ligands allows, for the first time, to control the type and degree of functionalization that can be achieved 
per nanocrystal. 
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Attachment of a fluorescent dye to core-shell quantum dots 

Seth Adrian, saadrian08@ole.augie.edu, Kristen Luepke, kjluepke10@ole.augie.edu, Barrett E. Eichler.Department of Chemistry, Augustana College, 
Sioux Falls, SD 57197, United States 

Core-shell CdSe/ZnS quantum dots (QDs) were synthesized and found to have a fluorescence emission maximum wavelength at 535 nm. The QDs 
were functionalized with varying lengths of thioacids. 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDCI) and N-hydroxysuccinimide (NHS) were 
used to attach amino-terminated DNA to the thioacids coating the QDs, forming an amide bond. Separate trials using a single strand of amino-
terminated DNA with the dye, Cy3, and amino-terminated DNA complexed with its DNA-Cy3 complement were performed. Förster Resonance Energy 
Transfer (FRET) from the QDs to the Cy3 dye was studied using fluorescence spectroscopy. 
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Synthesis and X-ray structures of titanium complexes chelated by tetradentate diamine-diethanolate ligand and their controlled ring opening 
polymerization behaviors of lactide and caprolactone 

So Han Kim
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2
, Youngjo Kim

1
.  (1) Department of Chemistry, Chungbuk National University, Cheongju, 

Chungbuk 361-763, Republic of Korea  (2) Department of Chemistry, Chonnam National University, Gwangju, Republic of Korea 

The use of non-cyclopentadienyl (non-Cp) ligands in group IV metals has contributed to expand the research spectrum in the field of coordination 
chemistry and olefin polymerization catalysis. Non-Cp ligands could be classified into monodentate, bidentate, tridentate, and tetradentate ligands from 
the viewpoint of their chelating ability to metal centers. Recently, group IV metal complexes with [ONNO]-type tetradentate ligands were extensively 
studied. Representative examples of [ONNO]-type tetradentate ligands include Salan, Salen, Salalen, and Salophan. Salan is the most special and 
versitile ligand in the aspect of their broad application as catalysts or antitumor agents, simple synthetic route, and easy introduction of new substituents. 
Until now, much research focus on the modification of Salan ligands has been directed toward the introduction of new substituents on two aryl-rings or 
two bridging N atoms; however, examples of aliphatic analogues for the Salan ligand such as new [ONNO]-type tetradentate diamine-dialkanolate 
ligands remain undeveloped. In this regard, we chose new [ONNO]-type tetradentate diamine-diethanolate ligand 
(HOCMe2CH2)N(Me)CH2CH2N(Me)(CH2CMe2OH) (LigH2 ). The synthesis and X-ray diffraction analysis of novel titanium complexes containing Lig and 
their controlled ring opening polymerization behaviors of lactide(LA) and Caprolactone(CA) will be demonstrated, because some titanium complexes 
were used as catalysts for the ring opening polymerization of LA. In addition, the linearity of molecular weight versus conversion in the ring opening 
polymerization of LA and CA will be discussed. 
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Ethylene/4-methyl-1-pentene copolymerization with Ŭ-diimine Ni(II) based catalysts 
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The full potential of Ŭ-diimine Ni(II) complexes has not been fully explored in the context of Ŭ-olefins copolymerization. Control over branching type and 
comonomer insertion have led to tailor design materials with excellent elastomeric properties, contributing to a continuous expansion and rejuvenation of 
the application range of polyolefins. In this context, we are here reporting on the copolymerization of ethylene (E) with 4-methyl-1-pentene (4M1P) by Ŭ-
diimine Ni(II) complex in combination with different aluminum alkyls. Specifically, when diethylaluminium chloride (Et2AlCl) is used as activator, the 
copolymerization proceeds in a living fashion to give copolymers with narrow molecular weight distribution (Mw/Mn = 1.10). The results obtained 
encouraged us to investigate another attractive feature of the catalysts for living polymerizations, that is their ability to produce well-defined block 
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copolymers. In this way, amourphous, monodispersed (Mw/Mn = 1.20) poly(E-co-4M1P)-block-poly(1-hexene), with qualitatively good elastomeric 
properties, were firstly synthesized. 

INOR 383 

Nanocrystal-polymer composites: Polyolefin encapsulation of vinyl-capped cadmium sulfide quantum dots using ortho-phosphino-sulfonate 
palladium catalysts 

Alec J Falzone
1
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Ortho-phosphino-sulfonate palladium (PO-Pd) polymerization catalysts have gained significant interest due to their unique ability to copolymerize polar 
alpha-olefins. PO and SbO ligands along with their Pd coordinated complexes were synthesized and characterized via nuclear magnetic resonance, 
mass spectrometry, and X-ray diffraction. These catalysts were utilized for both bulk and emulsion copolymerizations of ethylene and norbornene. 
Heterogeneous polymerizations in the presence of vinyl-capped cadmium sulfide quantum dots were also performed. The microstructures of the newly 
synthesized nanocrystal-polymer composites were controlled utilizing different ratios of vinyl-capped and saturated carboxylate-capped ligands on the 
surface of the quantum dots. Transmission and scanning electron microscopy images were used to study the degree of phase segregation between the 
polymer and quantum dots. These heterogeneous nanocomposites have potential applications in biological imaging, photocatalysis, and optoelectronic 
devices. 
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Bisīligated titanium and zirconium complexes of chelating N-heterocyclic carbenes 

Amer A El-Batta
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.  (1) Department of Chemistry, King Fahd University of Petroleum and Minerals, 

Dhahran, Eastern 31261, Saudi Arabia  (2) Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, 
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N-Heterocyclic carbenes (NHCs) are a class of stable carbenes that have found increasing use as ligands for transition metal catalysts. We recently 
reported a series of unsymmetrically substituted NHC ligands that feature a chelating phenoxide moiety appended to one of the NHC N atoms. These 
ligands are analogous to the salicylaldimine (sal) framework, a common motif in organometallic chemistry that is applied in catalytic organic reactions 
and olefin polymerization. We present the synthesis of titanium and zirconium olefin polymerization catalysts, supported by chelating ñsal likeò NHCs. 
Double deprotonation of the NHC ligand with two equivalents of KHMDS, followed by treatment of the resulting solution with half an equivalent of either 
TiCl4(thf)2 or ZrCl4 affords the corresponding bis-ligated species 1 and 2 , respectively. As catalysts, they exhibit excellent activity for the polymerization 
of ethylene and the copolymerization of ethylene with norbornene and 1-octene when activated with MAO in toluene. 

 

 
 
 
Figure 1 . Non-Metallocene Ti and Zr Precatalysts. 
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Ir(III) complexes based on o-carborane substituted phenylpyridine ligands: Unusual phosphorescence color tuning 

Taewon Kim
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Heteroleptic (C-N)2Ir(acac) complexes bearing o-carborane substituted phenylpyridine ligand (C-N = 4-CBppy (1 ); 5-CBppy (2 ), CB = ortho-
methylcarborane; ppy = 2-phenylpyridinato-C

2
,N, acac = acetylacetonate) were prepared and characterized. While 1 exhibited a red-shifted 

phosphorescence band compared to that for unsubstituted (ppy)2Ir(acac) (3 ) (ɚem = 516 nm), the emission spectrum of 2 showed a blue-shifted band by 
13 nm. Experimental and TD-DFT calculations suggest that carborane substitution on 4-position of phenyl ring lowers the 

3
MLCT energy by the large 

contribution of carborane cage into LUMO delocalization while the substitution on 5-position raises it by the effective stabilization of HOMO level due to a 
strong inductive effect of carborane. Details of synthesis, characterization, and photophysical properties of complexes will be discussed. 

INOR 386 

Catalytic dehydrocoupling of phosphines toward making ˊ-conjugated materials using triamidoamine-supported zirconium complexes 

Michael B Ghebreab, michael.ghebreab@uvm.edu, Rory Waterman.Department of Chemistry, University of Vermont, Burlington, VT 05405, United 
States 

Investigation into the dehydrocoupling reactions of primary phosphines to form phosphorus-phosphorus bonds has been performed using the Zr catalyst, 
ץ]

5
-(Me3SiNCH2CH2)2NCH2CH2NSiMe2CH2]Zr (1 ). Conjugated linkers such as ferrocene and aryl have been used in catalytic dehydrocoupling of 

bisphosphines towards making ˊ-conjugated materials. Stoichiometric reaction of (N3N)Zr-complex 1 (N3N = N(CH2CH2NSiMe3)3
3-
) and 1,1'-

diphosphinoferrocene (2 ), 1,4-bisphosphinotetrafluorobenzene p-C6F4(PH2)2 (3 ) or 1,4-bisphosphinobenzene p-C6H4(PH2)2 (4 ) results in the formation 
zirconium phosphido complex (N3N)Zr-(P(H)-(C5H4)Fe(C5H4)PH2) (5 ) and (N3N)Zr-PHC6F4PH2 (6 ) and (N3N)Zr-PHC6H4PH2 respectively. A catalytic 
dehydrocoupling of bisphosphines 2 - 4 was carried out using 1 to form insoluble products that are hypothesized to be hyper-branched polymers. 
Likewise, insoluble products were also noted during catalytic reaction of 1 with 2,5-diphosphinofuran (7 ). However, secondary bisphosphine substrates 
have shown to form dimeric products. Current efforts are focused on the use of secondary bisphosphine substrates to eliminate hyper-ranching during 
dehydrocoupling reactions and results will be reported. 
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Heteroleptic iridium(III) complexes supported by 4-(dimesitylboryl)benzoate ligand: Turn-on phosphorescence upon fluoride binding 
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1
, Woo Young Sung

1
, young777v@naver.com, Kang Mun Lee

2
, Taewon Kim

1
, Min Hyung Lee

1
.  (1) Department of Chemistry, 

University of Ulsan, Ulsan, Republic of Korea  (2) Department of Chemistry, KAIST, Daejeon, Republic of Korea 

The heteroleptic (C-N)2Ir(III) complexes (C-N = ppy, 2 ; btp, 3 ) bearing a (4-dimesitylboryl)benzoate (Bbz) auxiliary ligand and their fluoride adducts 
were prepared and characterized. While the PL spectra of 2 and 3 exhibits very weak emission in solution, the addition of fluoride turned on (C-N)2Ir-
centered phosphorescence (ɚem = 527 nm for 2 and 615 nm for 3 ). Experimental and DFT calculations suggest that the weak emission is ascribable to a 
photo-induced electron transfer from the MLCT state of the (C-N)2Ir-moiety to the Bbz ligand and is switched on by fluoride binding to the boron-center of 
the Bbz ligand. Details of synthesis, characterization, and photophysical response upon fluoride binding will be discussed. 
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Discrete four- and five-coordinate aluminum complexes bearing pyrrolide-imine ligands for ring-opening polymerization of rac-lactide 

Pimpa Hormnirun
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.  (1) Department of Chemistry, Kasetsart University, Chatujak, Bangkok 10900, Thailand  (2) 
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A series of four- and five-coordinate aluminum complexes bearing pyrrolide-imine ligands have been synthesized and characterized for the ring-opening 
polymerization of rac-lactide. Reactions of a 1:1 molar ratio of pyrrolide-imine ligands, (ArN=CH)C4H3NH where Ar = C6H5 (HL

1
 ); 4-F-C6H4 (HL

2
 ); 4-Me-

C6H4 (HL
3
 ); 4-MeO-C6H4 (HL

4
 ); 2-Me-C6H4 (HL

5
 ); 2-tert-Bu-C6H4 (HL

6
 ), and trimethylaluminum were conducted in toluene at room temperature to 

generate the four-coordinate aluminum complexes, [(ArN=CH)C4H3N]AlMe2 where Ar = C6H5 (1a ); 4-F-C6H4 (2a ); 4-Me-C6H4 (3a ); 4-MeO-C6H4 (4a ); 
2-Me-C6H4 (5a ); 2-tert-Bu-C6H4 (6a ). The five-coordinate aluminum complexes, [(ArN=CH)C4H3N]2AlMe where Ar = C6H5 (1b ); 4-F-C6H4 (2b ); 4-Me-
C6H4 (3b ); 4-MeO-C6H4 (4b ); 2-Me-C6H4 (5b ); 2-tert-Bu-C6H4 (6b ), were prepared by the reaction between their corresponding ligands (HL

1
 -HL

6
 ) and 

trimethylaluminum in a 2:1 molar ratio in toluene at 110 °C. In the presence of an equimolar concentration of benzyl alcohol, these complexes were 
found to be efficient single-site initiators for the ring-opening polymerization of rac-lactide at 70 °C, providing polymers with plausibly controlled molecular 
weight and narrow polydispersity. The polymerization rates initiated by the five-coordinate aluminum complexes were slightly faster than those by the 
four-coordinate aluminum counterparts. According to the density functional theory (DFT) calculation study, the rate of polymerization could be related to 
the Al-CH3 bond stiffness of initiators. In addition, the polymerization rate was strongly affected by the aromatic substituent (Ar) in the imino group. The 
order of decreasing rate was 4-F-C6H4 > 4-MeO-C6H4 > C6H5 > 4-Me-C6H4 > 2-Me-C6H4 > 2-tert-Bu-C6H4. Complexes 6a and 6b gave heterotactic bias 
PLAs while the others produced atactic polymers. 
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Intramolecular electromer formation and its near field infrared emission of organometallic iridium complex 

Hyong Kim, hkim@kongju.ac.kr.Department of Chemical Engineering, Kongju National University, Cheonan, Republic of Korea 

Here, a new organometal Ir(III) complex and solution-processed single emission layer organic light emitting diode is presented. The organometal carries 
N-heterocyclic ligands which act as a host and a hole-transporting material and the fluorinated phenyl as an electron accepter at the other end of Ir(ppy)3 
core. The single organometal emitting layer device has the high current efficiency of 25Cd/A comparable to value of the widely used PVK:Ir(ppy)3 host-
dopant system. The two carbazole units incorporated at the pyridine side of the organic ligand is very effective in transporting the holes into the core, but 
it tends to form the electromer at high current with the extraordinary emission in the near infrared region over 700nm. 
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New insights into spin crossover behaviour: The crucial role of ˊ-ˊ stacking 
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Chemistry, Georg-August-University, Goettingen, Hessen 37077, Germany  (3) Department of Physics (1.), University of Stuttgart, Stuttgart, Baden-
Wuerttemberg 70550, Germany 

Metal complexes in an octahedral coordination environment with an electronic configuration of d
4-7

 can either exist in the high spin (HS) or low spin (LS) 
forms. To drive the spin transition in spin crossover (SCO) compounds rigid ligands evoking a strong ligand field are considered to be necessary to 
stabilize the LS state.

[1]
 In the course of our research on click-derived 1,2,3-triazole ligands

[2]
 we got interested in the tripodal ligand TBTA. The reaction 

of TBTA with common Co(II) and Fe(II) precursors yielded a variety of complexes. Interestingly, the homoleptic complexes showed a pronounced 
intramolecular CH-ˊ T-stacking motif. Thorough investigation revealed the unique role of this weak interaction in SCO behaviour of the Co(II) and Fe(II) 
complexes and the possibilities to make use of its deliberate perturbation.

[3]
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[1] P. Gütlich et al., Chem. Soc. Rev. 2000 , 29, 419. 
[2] D. Schweinfurth et al., Dalton Trans. 2009 , 9291. 
[3] D. Schweinfurth et al., Inorg. Chem. 2011 , 50, 6114. 
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Simple control of crystallization dimensionality of metal complexes using a tetrazolyl ligand 
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Herein, we report the syntheses, characterizations and metal complexes containing the tetrazolyl ligand {5ï(2ïhydroxy)phenyl}tetrazolyl (LH2), which 
form various high dimensional coordination polymers in the crystalline solid state are provided. From the reaction of metal perchlorate, 2,2'ïbipyrimidine 
(bpym), KOH and ïïtetrazolyl (LH2) in H2O and DMF, 0ïD [NiL(bpym)2] (1 )1ïD Zigzag type complex [CuL(bpym)}n (2 ) , 2ïD [ZnL(bpym)]n (3 ) and 3ïD 
[K3(bpym)FeL3(H2O)7]n (4 ) coordination complexes were synthesized inexpensively in high isolated yield and structurally characterized by elemental 
analyses, IR spectra, Single crystal X-ray crystallography. Importantly, the formation of dimensionality in these systems based on metal appears 
selective. Whereas Ni complexes didn't show any infinite bonding to be coordination polymer, Cu and Zn complexes have extra bonding with tetrazolyl 
part of other other repeating units. Fe

3+
 complex showed totally different contents from complexes 1 ï 3 . Three K atoms, one Fe, three L ligand and 7 

water molecules formed a repeating unit and a novel dualïtridentate iron anion fragment (FeL3
3ï

) was observed. 

 
 

INOR 392 

Reactivity of oxaliplatin and derivates with biologically relevant ligands 

Amy D. Poynter, amy.poynter381@topper.wku.edu, Virginia K. Martin, Kevin M. Williams.Department of Chemistry, Western Kentucky University, 
Bowling Green, Kentucky 42101, United States 

Oxaliplatin is a third generation anticancer drug that has proven to be successful in fighting ovarian and testicular cancer. We are interested in 
determining how oxaliplatin and oxaliplatin derivatives interact with proteins, as well as how those interactions are affected by the size and shape of 
these platinum compounds. We have synthesized oxaliplatin, as well as a similar platinum compound in which each amine nitrogen of the 
diaminocylcohexane ligand is methylated. We are reacting both compounds with key amino acids, including methionine, to determine the effects of the 
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bulk on both kinetics and thermodynamics. Preliminary results suggest that the addition of bulk to the ligand has little to no effect on the kinetics of the 
experiment. 
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Y-texaphyrin as an NMR sensor for lactate 
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Texaphyrins are metal chelators with an expanded porphyrin structure. Some lanthanide texaphyrin complexes have been studied as potential MRI 
contrast agents, radiation enhancers and photosensitizers. Using fast dissolution dynamic nuclear polarization nuclear magnetic resonance 
spectroscopy (DNP-NMR), we were able to enhance the liquid-state 

89
Y NMR signal of an 

89
Y-texaphyrin by several thousand-fold in the low mM 

concentration range (1-2 mM). The 
89

Y chemical shift was found to be sensitive to lactate concentration displaying a 0 to 60 ppm 
89

Y chemical shift 
dispersion at pH 7 in the 0 to 200 mM lactate concentration range. The long spin-lattice relaxation (T1) time of 

89
Y (100-300 s) combined with the large 

89
Y chemical shift dispersion makes this hyperpolarized 

89
Y-texaphyrin complex a potentially useful 

89
Y NMR sensor for lactate and other metabolites. 
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Unexpected formation of mercury-containing organometallic intermediate in a palladium catalyzed reaction 

Wil R Goetsch, goets006@d.umn.edu, Pavlo V Solntsev, Jared R Sabin, Victor N Nemykin.Department of Chemistry and Biochemistry, University of 
Minnesota Duluth, Duluth, MN 55812, United States 

The reaction between diferrocenylmercury and dimethylacetylenedicarboxylate results in the formation of orange dimethyl (Z)-2,3-bis(ferrocenyl)-2-
butenedioate and diferrocene as the major products. Unexpectedly, the mercury-containing reaction intermediate was also obtained in the mixture as a 
minor byproduct. Dimethyl (Z)-2,3-bis(ferrocenyl)-2-butenedioate, differocene, and the mercury-containing intermediate were characterized using 1D and 
2D NMR, IR, and UV-vis spectroscopy as well as X-ray crystallography. Single crystal X-ray diffraction studies of dimethyl (Z)-2,3-bis(ferrocenyl)-2-
butenedioate revealed a locked anticonformation of the ferrocene substituents, which was explained on the basis of the steric properties of these groups. 
In addition, X-ray study of the mercury-containing intermediate reveals new insight on the palladium catalyzed reaction mechanism. Low temperature x-
ray diffraction experiment of differocene were performed and accurate values for geometric parameters were reported. Electronic structures of dimethyl 
(Z)-2,3-bis(ferrocenyl)-2-butenedioate were investigated by UV-vis spectroscopy and polarized continuum model (PCM) density functional theory (DFT-
PCM) as well as time-dependent DFT (TDDFT-PCM) approaches. The calculated vertical excitation energies are consistent with the experimental data 
and clearly suggest the dominance of metal-to-ligand charge-transfer bands in the visible region of the UV-vis spectra for dimethyl (Z)-2,3-
bis(ferrocenyl)-2-butenedioate. Redox properties of dimethyl (Z)-2,3-bis(ferrocenyl)-2-butenedioate were investigated using cyclic voltammetry, 
differential pulse voltammetry, and spectroelectrochemical and chemical oxidation approaches. In a DCM/(NBu4)[B(C6F5)4] system, ferrocene-centered 
oxidation processes in dimethyl (Z)-2,3-bis(ferrocenyl)-2-butenedioate are separated by 300 mV, respectively. Stepwise chemical and 
spectroelectrochemical oxidation of dimethyl (Z)-2,3-bis(ferrocenyl)-2-butenedioate allowed us to obtain spectroscopic signatures of the mixed-valence 
[dimethyl (Z)-2,3-bis(ferrocenyl)-2-butenedioate]

+
 cation. Hush analysis of the intervalence charge-transfer bands in [dimethyl (Z)-2,3-bis(ferrocenyl)-2-

butenedioate]
+
 is suggestive of class II (in Robin and Day classification) behavior. 

Reference: Pavlo V. Solntsev, Semen V. Dudkin, Jared R. Sabin, and Victor N. Nemykin. Organometallics 2011, 30, 3037-3046. 
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Syntheses and characterization of the axial ferrocenyl substituted subphthalocyanies 

Katelynn L Spurgin, spur0032@d.umn.edu, Pavlo V Solntsev, Jared R Spurgin, Victor N Nemykin.Department of Chemistry and Biochemistry, 
University of Minnesota Duluth, Duluth, MN 55812, United States 

The reaction between subphthaloyanine (SubPc) and ferrocene carboxylic acid (FcCO2H) or ferrocene methanol (FcCH2OH) results in the formation of 
ferrocene carboxylate substituted and ferrocenylmethoxo substituted subphthalocyanines, respectively. All compounds were characterized using set of 
spectroscopic methods such as: NMR (1D and 2D), UV-vis, MCD, fluorescence, as well as X-ray crystallography. Electronic structure and excitation 
energies were studied using PCM/DFT and PCM/TD-DFT approaches. In addition, redox properties of synthesized compounds were investigated by 
electrochemical (CV, DPV, SWV) and spectroelectrochemical methods. X-ray crystallography data confirmed the axial binding of the ferrocene 
carboxylic acid and the ferrocene methanol to boron atom of the subphthalocyanine system. Introduction of the ferrocene substituents results in 
quenching of emission of the subphthaocyanine systems. 
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T1 modulation of the PARACEST effect in nitroxyl EuDOTA-tetraamide derivatives 

James S Ratnakar, james.ratnakar@utsouthwestern.edu, Subha Viswanatian, Matthew E Merritt, Chien-Yuan Lin, Lloyd Lumata, A. Dean Sherry, 
Zoltan Kovacs.Advanced Imaging Research Center, UT Southwestern Medical Center, Dallas, Texas 75390, United States 

The modulation of the metal bound water exchange lifetime in EuDOTA-tetraamide complexes by steric and the electronic factors has been the working 
principle for the design of responsive (ñsmartò) PARACEST agents. The 

1
H T1 and T2 relaxation times of the exchanging pools have also a great 

influence on the efficiency of chemical exchange saturation transfer between the two pools of protons. Here we demonstrate that the PARACEST effect 
of EuDOTA-tetraamide complexes containing one or two covalently appended nitroxyl free radical moieties is quenched by T1 relaxation of bulk water 
protons by the nitroxyl radicals. The PARACEST signal is activated in these complexes by addition of free radical scavenger (L-ascorbic acid) due to the 
reduction of the paramagnetic nitroxyl groups to their diamagnetic hydroxylamine forms. 

INOR 397 

Cyclometalated platinum(II) complexes with mono- and di- nitrogen-heterocyclic carbenes (NHC) ligands: Synthesis and application in 
sensoring acidic vapors 
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A series of cyclometalated Pt(II) complexes with Mono- and Di- imidazol-2-ylidene type N-heterocyclic Carbene (NHC) ligands, showing distinct emission 
properties, were prepared by varying the reaction conditions and structurally characterized. The complexes (3a and 3b ) with NCN ligands in a 

3
ɖ-

tridentate coordination mode are highly luminescent at room temperature in either solid state or fluid solution. In contrast, the complexes (4a and 4b ) 
with NCN in a 

2
ɖ-bidentate coordination mode are very weakly emissive in fluid solution at room temperature. Intense solid-state emission of complex 4b 

was recorded and, interestingly, enhanced emission of 4a upon treating with acidic vapor was observed. 
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Synthesis, characterization, and theoretical description of novel gadolinium and iron HOPO-based MRI contrast agents 

Adam D Hill, adhill@berkeley.edu, Sylvie L Pailloux, Piper J Klemm, Charles B Harris, Kenneth N. Raymond.Department of Chemistry, University of 
California - Berkeley, Berkeley, California 94720, United States 

With the rise of higher-field magnetic resonance imaging (MRI) instruments in the clinical setting, there is a significant need for a new generation of MRI 
contrast agents (CA) that feature both high relaxivities at 60-125 MHz and significant stability in vivo. A new tris(2-aminoethyl)amine (TREN) 
hydroxypyridinone (HOPO) has been synthesized and complexed with Gd(III) (for use as a T1 contrast agent) and Fe(III) (for use as a T2 contrast agent.) 
The both complexes exhibit strong relaxivities; geometries and q values for each complex were calculated with full DFT of the complete system and 
relevant solvent molecules, providing further support for these new systems as potential candidates for the next generation of contrast agents. 
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Reductive elimination of halogens from Au(III) as a path to Au(I)-based coordination polymers 

Jeffrey S Ovens, jovens@sfu.ca, Greg Cetnarowski, Gary W Leach, Daniel B Leznoff.Department of Chemistry, Simon Fraser University, Canada 

The reductive elimination of halogens from a metal centre is an unusual process which has been the subject of great interest due to its unfavourable 
thermodynamics. This reactivity is usually facilitated by a trapping mechanism or a secondary reaction in order to subdue the reverse reactionïthe 
oxidative addition of the halogens. 

In our work, [AuX2(CN)2]
ï
-based coordination polymers (X=Cl, Br, I)

1
 were synthesized and structurally characterized. Aqueous suspensions of these or 

their precursors in situ were heated hydrothermally or exposed to UV radiation,
2
 triggering the reductive elimination of halogens from the Au(III) centres 

and yielding analogous Au(I)-based coordination polymers containing [Au(CN)2]
ï
. Kinetics of the reductive elimination of halogens from K[AuX2(CN)2] 

were studied in order to investigate the activation parameters and reaction lifetimes.
3
 

[1] Ovens, Geisheimer, Bokov, Ye, Leznoff, Inorg. Chem., 2010 , 49, 9609. 

[2] Teets, Nocera, J. Am. Chem. Soc., 2009 , 131, 7411. 

[3] Ovens, Leznoff, Dalton Trans., 2011 , 40, 4140. (Featured on the cover of Issue 19) 

INOR 400 

Oxidation of lignin model compounds by ionic liquid-tagged metalloporphyrins in corresponding ionic liquid solvents 
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Combining the ability of ionic liquids to dissolve biomass with the reactivity of metalloporphyrin oxidation catalysts could overcome many of the 
challenges to lignin utilization. Ionic liquids have shown promise as solvents for the dissolution of cellulose and lignin and therefore have the potential to 
assist catalysts as they breakdown the components of biomass and in separation of biomass components. We have synthesized and studied the 
reactivity of ionic liquid-tagged iron and manganese porphyrins for their reactivity in a range of ionic liquids which we have found to solubilize lignin. Our 
results from a comparison study of the catalytic activity of purchased metalloporphyrins versus synthesized ionic liquid-tagged metalloporphyrins towards 
simple lignin model compounds will be presented. 
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Catalytic hydroxylation of N,N-dimethylformamide by an Fe(II) complex 
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In biology, the repair of cytotoxic N-methylated nucleic acids by the Ŭ-ketoglutarate-dependent dioxygenase, AlkB, occurs by hydroxylation of the N-
methyl C-H bond followed by release of formaldehyde and the demethylated nucleic acid. Similarly, cytochrome P450 metabolizes the breakdown of 
N,N-dimethylformamide (DMF) by first hydroxylating one of the N-methyl C-H bonds, yielding N-hydroxy-N-methylformamide (HMMF), which then 
decomposes to release N-methylformamide and formaldehyde. Despite these examples of N-methyl C-H bond hydroxylation in biology, in synthetic 
chemistry, hydroxylation of the N-methyl C-H bonds of DMF is rare. Herein we report an iron(II) complex (Ph4P[Fe(N(o-PhNC(O)Ph)3)(NCCH3)], 
[Fe(L

Ph
)(NCCH3)]

-
) that, in the presence of excess oxygen atom transfer reagent, iodosobenzene, catalyzes the hydroxylation of an N-methyl C-H bond 

of DMF to form HMMF. A product-inhibited byproduct of the reaction, Ph4P[Fe
III
(L

Ph
)(OMMF)] (where OMMF = (N-methylformamido)methanolate), has 

been structurally, spectroscopically, and spectrometrically characterized. The synthesis of this species by in situ oxidation of Ph4P[Fe
II
(L

Ph
)(OMMF)] will 

also be discussed. 
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Investigation of the thermal decomposition of cis-dicarbonylbis(diorganodithiocarbamato)iron(II) complexes using Fourier transform infrared 
spectroscopy coupled to thermogravimetric analysis 
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Thermal decomposition of metal dithiocarbamates can be used to produce metal sulfides. These metal sulfides have numerous aerospace applications 
including hydrocracking catalysts for upgrading Fischer-Tropsch products to jet fuels, modeling of pre-biotic chemistry, production of high fidelity lunar 
regolith (soil) simulants, and photovoltaic devices. Bis(diorganodithiocarbamate)iron(II) complexes are air-sensitive and difficult to work with, their 
dicarbonyl derivatives, however, are stable in air. Previous thermal analysis work by faculty and students at WJU has focused on the mass loss during 
thermal decomposition using thermogravimetric analysis. While this provides indirect evidence for the identity of thermal decomposition products, 
analysis of the gaseous products using Fourier transform infrared spectroscopy provides conformation of the product, particularly carbon monoxide 
produced by the loss of the carbonyl ligands. 
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Dioxygen activation in bio-inspired Ni(II) phenolate complexes 

Tapash Deb
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Copper Amine Oxidases (CAO) utilize a (His)3Tyr ligand field to catalyze post-translational oxidative modification of the tyrosine to a topaquinone (TPQ) 
cofactor in active holoenzymes. A Cu(II)-peroxoquinone complex resulting from O2 insertion is a consensus intermediate, but mechanistic details remain 
to be elucidated. TPQ biogenesis is retained in apoenzymes reconstituted with Ni(II),

1,2
 constituting new dioxygenase activity for nickel. We prepared 

bio-inspired Tp
R,Me

NiOAr (R=Ph, Me) complexes that decompose under O2. This chemistry will be discussed from biomimetic and mechanistic 
perspectives. 

(1) T. Okajima, et al. Biochemistry 2005 , 44, 12041-12048. (2) N. M. Samuels, J. P. Klinman Biochemistry 2005 , 44, 14308-14317. 
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Reactivity of an oxoiron(IV) complex toward nitrogen monoxide 

Travis M Owen, travis-owen@uiowa.edu, Jan-Uwe Rohde.Department of Chemistry, The University of Iowa, Iowa City, IA 52242, United States 

Reactions of the free radical nitrogen monoxide with metalïoxygen species of metalloproteins are relevant to NO metabolism and detoxification. To gain 
insight into the fundamental reactivity of oxoiron(IV) complexes in this context, we have investigated the reaction of [FeO(tmc)(OAc)]

+
 with NO (tmc = 

1,4,8,11-tetramethyl-1,4,8,11-tetraazacyclotetradecane). This reaction caused reduction of the Fe
IV

 center to Fe
II
 and produced nitrite, which was 

identified in the form of [Fe(tmc)(ONO)]
+
 using ESI mass spectrometry. An intermediate was observed by UVïvisible spectroscopy and ESI mass 

spectrometry, and evidence for incorporation of the oxo ligand from [FeO(tmc)(OAc)]
+
 into the nitrite product was obtained from an 

18
O-labeling 

experiment. Two possible mechanisms may be considered involving oxygen atom or oxide(Å1ï) ion transfer from the Fe
IV

O group to NO. In a related 
reaction, nitrite was also produced by oxidation of the nitrosyl complex [Fe(tmc)(NO)]

2+
 with trimethylamine N-oxide. 
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Chlorophyll- and bacteriochlorophyll-based derivatives as protease-sensitive smart contrast agents for optoacsoutic imaging (OAI) 
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The proposed research primarily deals with the design and development of chlorophyll- and bacteriochlorophyll-based derivatives as contrast agents for 
the visualization of protease activity in vivo by stimulation and detection of optoacoustic signals. These agents derived from primary metabolites 
(chlorophyll is extracted from spinach and chemically modified further; bacteriochlorophyll is extracted from Rhodobacter sphaeroides and chemically 
modified further) offer significant advantages in terms of their toxicity profile. We will discuss the ñOn-Offò behavior of the proposed agents when 
exposed to the MMP-2 protease enzyme. In addition, we will present the synthetic strategies followed along with data for their successful application as 
protease-senstive smart contrast agents for Optoacoustic Imaging. 
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Ferrocene containing metal-organic hybrids - new approach towards synthesis of multi-redox systems 
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The stability of redox active materials is a desirable property in the design of electronic molecular-switch devices. For this reason, the redox properties of 
the novel Sn12Fc12O20 systems have potential application in this field of research. In the formation of such structures, the hydrolysis of a SnCl2Fc2 
complex was achieved in specific reaction conditions. The novel precursor was isolated in pyridine and examined by x-ray crystallography, two pyridine 
units were bound in the crystalline structure. The Sn12Fc12O20 systems were investigated by x-ray crystallography, revealing a unique center symmetric, 
tin-oxygen ñcage typeò assembly with twelve ferrocenyl units located peripherally about the system. 
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Anion binding studies of an expanded azamacrocyle: A selective receptor for sulfate in water 
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An expanded azamacrocyclic host containing propylene chains has been synthesized and investigated of various inorganic anions in D2O at a pH of 1.7 
by NMR titrations. Our results suggest that the receptor binds a sulfate anion showing moderate selectivity in water. Crystals grown of the compound in 
presence of perchlorates were analyzed by X-ray crystallography and the structural characterization suggests that the anion is bonded through NH···O 
interactions. A packing diagram shows that externally linked perchlorate ions form an infinite ID chain. 
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Complexes with tripodal tris-thiolate and tris-selenolate amine ligands 

Zaman Su'aad, suaadz@gmail.com, Stephen A Koch.Department of Chemistry, SUNY Stony Brook, Stony Brook, NY 11794-3400, United States 

Trigonal FeS3 coordination sites are present in the FeMo-Cofactor of nitrogenase while metal cysteine and metal-selenocysteine coordinations are 
present in many enzymes. To model the structural sites in metalloproteins, monomeric complexes of the tripodal ligands, tris(2-selenolatobenzyl)amine 
(NSe3) and its sulfur analog (NS3), were synthesized and characterized. Complexes of these ligands with M(II) (M = Co, Fe, Ni, Zn, Cd, Hg) and Ga(III) 
are four coordinate with distorted tetrahedral coordination geometries. Although chalcogenide ligands have a tendency to bridge metal centers, all these 
complexes are monometallic. Only the Fe complexes have displayed reactivity at the metal center resulting in the trigonal bipyramidal complexes 
[Fe

II
(NS3)(CO)]

1-
 and [Fe

II
(NSe3)]

1-
. 
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Chiral oxazolinylborato yttrium complexes as catalysts for enantioselective C-N bond formation 

Kuntal Manna, mannakuntal@yahoo.com, Aaron D. Sadow.Department of Chemistry, Iowa State University, Ames, Iowa 50011, United States 

Methodologies and pathways for stereoselective C-N bond formation are important in synthetic applications. Recently, we prepared chiral mixed 
cyclopentadienyl-oxazolinylborate supported yttrium complexes. These complexes are highly enatioselective and active precatalysts in 
hydroamination/cyclization of aminopentenes to corresponding 2-methyl-pyrrolidines. Interestingly, the configuration of pyrrolidines obtained by using 
these yttrium precatalysts are opposite compared to the ones prepared by the corresponding zirconium precatalysts, even though the identical chiral 
ancillary ligand is present. The kinetic studies of our yttrium catalyzed intramolecular hydroamination reveal significant isotope effects on reaction rate, 
which is first order dependence on substrate concentration, and attain substrate saturation under initial rates conditions. Based on the rate law for 
conversion, substrate saturation under initial rates conditions, kinetic isotope effects, and isotopic perturbation of enantioselectivity, a noninsertive 
mechanism involving a six-membered transition state by a concerted C-N bond formation and N-H bond cleavage was proposed. The synthesis, 
catalytic activity and the detailed mechanistic investigations involving these oxazolinylborato yttrium compounds will be discussed. 
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Synthesis and reactivity of trivalent uranium complex (containing a reduced monoanionic bipyridine) with carbonylated small molecules and 
O-transfer agent 

Adil Mohammad, amohamma@saintmarys.edu, Dennis P Cladis, Phillip E Fanwick, Suzanne C Bart.Chemistry department, Purdue University, West 
Lafayette, IN 47907, United States 

An improved synthesis and characterization of the trivalent uranium complex (1 ) [(Cp2*U(2,2'-bpy); Cp* = C5Me5, 2,2'-bpy = 2,2'-bipyridine] which 
contains a reduced bipyridine ligand is reported. Treating complex (1 ) with carbonylated small molecules RR'C=O (R=H, R'=Ar-p-Me; R=H, R'=2-
furanyl; R=R'=Me and R=R'=Ph) results in simultaneous C-O bond activation and C-C bond formation to produce U(IV) derivatives. The products are a 
result of radical coupling between a reduced carbonyl moiety and the radical delocalized on the bipyridine. Complex (1 ) also acts as a source of divalent 
uranium when treated with the O-transfer agent pyridine-N-oxide, forming the terminal oxo U(IV) complex Cp2*U(O)(2,2'-bpy), which is supported by a 
neutral bipyridine ligand. Characterization of all these complexes using 

1
H NMR, IR, electronic absorption and 

1
H-

1
H correlation (COSY) spectroscopies 

and X-ray crystallography will be discussed in detail. 
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Synthesis, spectroscopy, and reactivity of transition metal and actinide complexes with monoanionic Schiff base ligands 

Justin R Walensky, walenskyj@missouri.edu, Mohan S Bharara, Ashley N Dame, Alison M Tamasi, Andrew C Lane.Department of Chemistry, 
University of Missouri, Columbia, Missouri 65211, United States 

We report the structure, bonding, and reactivity of monoanionic Schiff base complexes of early and late transition metals as well as thorium and uranium. 
The ligands are readily prepared from the condensation of 3,5-tert-butyl-salicaldehyde and the corresponding aryl amine, H2NR, R = 2,6-
diisopropylphenyl, 2,6-dimethylphenyl, anthracene, and aminopyridine. The spectroscopy and small molecule activation will also be shown. 
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Synthesis and characterization of rare-earth metal imido complexes 
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Metal-imido moieties engage in a multitude of chemical transformations as evidenced for CīH bond activation, cycloaddition reactions with alkynes, 
alkenes, azides, and carbonyl compounds, catalytic imine metathesis and hydroamination of alkynes. Very recently, the first scandium complexes with 
terminal imido ligands were synthesized and their reactivity assessed. Monomeric derivatives of the larger rare-earth metals, however, remain elusive. 
Here we report imide synthesis protocols which are feasible for a large size range of the rare-earth metals. Homoleptic tetramethylaluminates Ln(AlMe4)3 
react selectively with potassium (2,4,6-tri-tert-butylphenyl)amide in toluene via a salt metathesisïprotonolysis tandem reaction or with 2,4,6-tri-tert-
butylaniline in hexane according to a methane elimination reaction, affording complexes [Ln(AlMe4)(ɛ2-Nmes*)]2 (mes* = C6H2tBu3-2,4,6) (Ln = Y, La, Nd, 
Ho, Lu). X-ray structure analyses reveal an asymmetrically bridged Ln2N2 core featuring very short LnīN bond distances. 
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Adsorption behavior of actinides on carbon materials. 

Masayuki Watanabe, watanabe.masyauki@jaea.go.jp, Makoto Arisaka, Takaumi Kimura.Nuclear Science and Engineering Directorate, Japan Atomic 
Energy Agency, Tokai, Ibaraki 3191195, Japan 

We have found that activated carbons(AC), carbon black, graphite and carbon nanotubes can separate An(III) from Ln(III) by adsorption and the intrinsic 
property of those materials without pre-treatment is to selectively adsorb Am(III) rather than Ln(III), and demonstrated that Am(III) can be successfully 
separated from Ln(III) by columun chromatography with either AC or graphite.[1] More recently we have discovered that actinides can be adsorbed to 
synthetic and natural diamonds, with regardless those sizes, in the acidic nitric solution. In this paper, the adsorption behavior of various valence of An 
were investigated and discussed by using carbon materials as well as diamonds. 

Reference 

1. ñSelective adsorption of trivalent actinides from lanthanides onto activated carbons in acidic aqueous solutionò, M. Arisaka, M. Watanabe, T. Kimura, 
J. Nucl. Mat.,407, 116-118 (2010). 
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Solid-state synthesis, optical properties, and electronic structure of thorium chalcogenide compounds 
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Single crystals of several thorium chalcogenide compounds have been synthesized by high-temperature solid-state methods. New ternary compounds 
include Rb2Th7Se15, Th2GeSe5, and ThLn2S5 (Ln = Y, Tb, Er). New quaternary compounds include TlCuThSe3 and TlThSb2Se6. The compounds ThOQ 
(Q = S, Se), for which single crystals have been synthesized, have previously only been known from powder data. Optical band gap measurements have 
been performed on single crystals of the compounds ThOQ (Q = S, Se, Te) and TlCuThSe3. Theoretical DFT calculations of electronic structure on the 
compounds ThQ, ThQ2, and ThOQ (Q = S, Se, Te) have been made. Calculated optical band gaps are compared with experiment. 
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DFT study of Cp2An(Ph)2 as catalysts for thiophene hydrodesulfurization (HDS): A novel dimerization 
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As our nation's supply of fossil fuels dwindles over the next century, low-quality ñdirtyò petroleum feedstocks (from tar sands, oil shales, etc.) will serve as 
a bridge to alternative energy sources. However, these feedstocks typically contain N and S-containing hydrocarbons as impurities, and must be 
ñcleanedò prior to burning via hydrodenitrogenation (HDN) and hydrodesulfurization (HDS).  

In this project, DFT calculations are performed for the actinide systems Cp2An(Ph)2 (An = Th, U). Experimentally, these systems exhibit a rich chemistry 
towards heterocyclic substrates (C-H/C-N activation, ring-opening, dearomatization). Recently at LANL, Cp2Th(Ph)2 was found to catalyze the ring 
opening and C-C coupling of two thiophene molecules to form a novel dimeric Th complex. In addition to calculating a mechanism for this dimerization, 
we perform time-dependent DFT (TDDFT) and natural transition orbital (NTO) calculations to elucidate the nature of the transitions and excited states in 
the experimental absorption spectrum of the Th dimer. 
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New melamine-based ligands and their lanthanide ion complexes 

Sebastian Bauer, bauer.sebas@googlemail.com, Ana de Bettencourt-Dias.Department of Chemistry, University of Nevada, Reno, Reno, Nevada 
89557, United States 

Lanthanide ions are widely used due to their ability to emit light. The process of light emission is due to parity-forbidden f-f transitions. To achieve metal-
centered light emission, sensitization through coordinated ligands, which act as antennas, is pursued. We have synthesized a new generation of 
melamine-based ligands with different functional groups appended to the 1,3,5-triazine core, which are capable of coordinating lanthanide ions. The 
structure and photophysical properties of both ligands and of the resulting lanthanide ion complexes are presented. 
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Triplet state energy modulation of pyridine-bis(oxazoline) sensitizers for lanthanide ion sensitization 
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Lanthanide ions display luminescence arising from transitions within the 4f shell. These transitions are forbidden and sensitization of the emission is 
achieved through coordinated ligands. It is generally accepted that energy transfer occurs from the triplet state of the ligand to the emissive state of the 
lanthanide. During our work with pyridine-bis(oxazoline) as sensitizers for lanthanide ion luminescence, we studied the effect of different aromatic 
substituents, such as phenyl, thiophen-2-yl and thiophen-3-yl, on the pyridine group on the energy of this triplet excited state. The complete 
photophysical characterization of the new ligands and of their metal complexes will be presented, along with structural characterization. 
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Cerium BINOLate heterobimetallics: Impact of secondary complex structure on electrochemical and chemical redox properties 

Jerome R. Robinson, robinson.jerome@gmail.com, Patrick C, Carroll, Patrick J. Walsh, Eric J. Schelter.Department of Chemistry, University of 
Pennsylvania, Philadelphia, PA 19104, United States 

The preparation of new cerium(IV) complexes is highly desirable due to their potential applications in catalysis, redox chemistry, and materials synthesis. 
We have applied a rare earth/alkali metal/1,1ǋïBINOLate (REMB) heterobimetallic framework to synthesize a family of cerium(III) compounds, and 
probed the influence of secondary complex structure on electrochemical and chemical redox properties. Mild oxidation of the cerium(III) BINOLate 
compounds provides cerium(IV) complexes in excellent yield, and represent the first tetravalent derivatives of a REMB framework. The chemoselectivity 
observed for this system highlights the importance of inner sphere reorganization energy on oxidation reactions of cerium(III). The unique properties 
afforded by the tunable heterobimetallic framework will be discussed as a platform for the rational design of new cerium(IV) compounds. 
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Gold nanoparticles as a surface to immobilize gadolinium-hydroxypyridinone (HOPO) complexes for use a magnetic resonance imaging (MRI) 
contrast agents 
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MRI Contrast Agents have the potential for increased relaxivity and lower dosage when they are immobilized on a macromolecular solid support. Gold 
nanoparticles are an excellent choice due to their facile synthesis, low toxicity, and tailorable surface chemistry which can be used to simultaneously 
conjugate MRI contrast agents, targeting groups, solubilizing groups, and other multimodal imaging agents. Hexadentate Gd-HOPO complexes have 
been conjugated with short, rigid linkers to limit local motion of Gd(III) on gold nanoparticles and increase relaxivity. These complexes have q values of 
2-3 water molecules coordinated to the inner sphere of Gd(III) for increased water exchange rates. By increasing the molecular weight, water exchange 
rate and q value, these compounds increase the relaxivity of commercial agents by an order of magnitude and have large per particle relaxivities. 
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Development of CeBr3 materials for gamma detection 
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Currently deployed portal monitors for gamma ray detection employ NaI:Tl as the scintillating species. While effective, the expense associated with 
fabrication of large single crystals renders an alternative approach as a desirable target. Lanthanide-containing nanocomposite scintillators can 
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potentially provide improved detecting capabilities while simultaneously lowering the associated cost of production. CeBr3 has been shown to be a 
superior scintillator to NaI:Tl, possessing a shorter lifetime and higher resolution and light yield. The current focus of research pertains to the synthesis of 
novel crystalline CeBr3 solvate precursors and their conversion into nanoparticulate CeBr3 with an emphasis on their viability as potential gamma-ray 
detectors. 
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Properties and applications of uranyl peroxo cage clusters synthesized from UO2 
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Nano-scale cage clusters built from uranyl peroxo polyhedra spontaneously self-assemble in alkaline aqueous solutions when uranyl nitrate, hydrogen 
peroxide, and various bases are combined.

1
 These clusters contain as many as 60 uranyl polyhedra, and have masses of up to about 20,000 Da. 

Consequently, we are interested in applying these clusters to separate uranium from complex solutions on the basis of the mass or size of the clusters. 
Extraction of uranium from used nuclear fuel is one such potential application. However, uranium in spent fuel is tetravalent, whereas hexavalent 
uranium is needed for the self-assembly of uranyl peroxo cage clusters. We have developed a one-pot synthesis method using powdered UO2, water, 
and peroxide that oxidizes the uranium and results in the immediate formation of uranyl peroxo cage clusters in solution, as shown by small-angle X-ray 
scattering. In the ammonium hydroxide peroxide system, the U32R cluster forms.

2
 Using dynamic light scattering, the behavior of this cluster in aqueous 

solution under changing conditions of ionic strength and counter-ion concentration has been examined. Addition of specific cations triggers aggregation 
of U32R and other clusters in solution. 

[1] Burns, P.C. (2011) Nanoscale uranium-based cage clusters inspired by uranium mineralogy. Mineralogical Magazine. 75(1). 1-25. 

[2] Sigmon, G. and Burns, P.C. (2011) Rapid self-assembly of uranyl polyhedral into crown clusters. Journal of the American Chemical Society. 133. 
9137-9139. 
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Trans-selective ring opening of limonene oxide with primary phosphido nucleophiles: Synthesis of chiral secondary phosphines 

Samantha C Reynolds, samantha.c.reynolds@dartmouth.edu, David S Glueck.Department of Chemistry, Dartmouth College, Hanover, New 
Hampshire 03755, United States 

Treatment of a 1:1 mixture of cis- and trans-limonene oxide with half an equivalent of a lithium primary phosphido nucleophile results in selective attack 
at the epoxide of the trans-isomer to afford chiral secondary phosphines. Further alkylation of the secondary phosphines may provide a catalogue of P-
stereogenic/C-stereogenic tertiary phosphine ligands. The characterization of these phosphines and highly modular nature of the synthesis will be 
discussed. 
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Isocyanide-terminated linear 2,6'-biazulenyl framework: Synthesis, redox behavior, and interaction with electron-rich metal centers 
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Azulene is a non-benzenoid isomer of naphthalene that features an edge-sharing combination of 5- and 7-membered rings. The ˊ* system of a 2,6-
functionalized azulenic moiety is well suited for supporting charge delocalization between electron-rich termini. We have recently described metal-
organic architectures that involve linear symmetric 6,6

'
-biazulenyl scaffold functionalized with isocyanide junction groups (J. Am. Chem. Soc., 2010, 132, 

15924). This presentation will highlight synthesis, redox behavior, and coordination chemistry of a novel asymmetric linear 2,6
'
-biazulenyl framework 

equipped with isocyanide junction(s). 
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Development of a 2,2'-diisocyano-6,6'-biazulenyl framework for charge transport applications 

Andrew D Spaeth, adspaeth@ku.edu, Tiffany R Maher, David M McGinnis, Brad M Neal, Cindy L Berrie, Mikhail V Barybin.Department of Chemistry, 
University of Kansas, Lawrence, KS 66045, United States 

In this poster presentation, we will introduce symmetric linear biazulenic ˊ-linkers featuring two isocyanide junction groups. The key step in the synthesis 
of the title scaffold involved an unexpected and remarkably efficient ñone-potò homo-coupling of a 6-bromoazulene derivative. The unusual two-electron 
reduction behavior of the 6,6'-biazulenyl moiety is topologically complementary to the two-electron oxidation of the substantially more prevalent 1,1'-
biazulenyl motif. Synthesis, molecular and electronic structure, redox behavior, complexation, and self-assembly of the 2,2'-diisocyano-6,6'-biazulenyl 
motif will be discussed. In addition, synthesis and coordination chemistry of its analogue containing an ethynylene spacer between the azulenic moieties 
will be addressed. 
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INOR 425 

Comparitive supramolecular complexes 

Taylor A Cappadona, tcappado@gmail.com, Abdul Goni, Olisa Menakaya, Tasneem Siddiquee.Department of Chemistry, Tennessee State University, 
Nashville, TN-Davidson 37208, United States 

Supramolecular chemistry allows for complexation of guest molecules within the cavity of a host molecule. Complexation of this kind helps the 
transportation of guest molecule to and from different media. . Solubility of the complex containing host molecule is an important property for such effort. 
Previous studies have shown that supramolecular complexation can modify the solubility of the host molecule thereby affecting their solvent dependant 
transport. Here we report the comparative studies on complexation of calix[n]arene (n = 4, 6) and ɓ-cyclodextrin with organic guest molecules as 4-
aminothiophenol, 4-aminophenol and phenylmalimide. Spectroscopic methods and solubility measurements will be used for comparison. 

INOR 426 

Synthesis and coordination chemistry of mercapto- and dimercaptoazulenes 

Kolbe J Scheetz, kjschtz@ku.edu, Alexander S Vorushilov, Mikhail V Barybin.Department of Chemistry, University of Kansas, Lawrence, KS 66045, 
United States 

The structure of azulene, an unusual nonbenzenoid aromatic hydrocarbon isomeric with naphthalene, involves an edge sharing combination of 5- and 7-
membered sp

2
-carbon rings. Very few mercaptoazulenes (or azulelyl thiols) are presently accessible and their interaction with transition metal atoms, 

ions or surfaces has not been explored. Notably, a recent theoretical study concluded that the hitherto unknown 2,6-dimercaptoazulene motif should 
have a lower conductivity barrier in a wide bias range than 2,6-dimercaptonaphthalene (Bull. Mater. Sci., 2008 , 31, 353). In this presentation, we will 
highlight syntheses and properties of several mercaptoazulenes, including 2,6-dimercapto-1,3-diethoxycarbonylazulene, and discuss our initial studies in 
coordination chemistry of azulenylthiolates. 

INOR 427 

Large scale synthesis of air-stable chiral primary phosphines and the chemistry of their phosphetane analogs 

Connor Sibbald, connor.sibbald@ncl.ac.uk, Lee J Higham.Department of Chemistry, Newcastle University, Newcastle upon Tyne, United Kingdom 

Primary phosphines are normally considered to be highly unpleasant compounds to work with.
1
 We have however developed the first air-stable chiral 

primary phosphines (1a /b )
2
 on account of their high degree of conjugation.

3
 Herein, we report the synthesis of multigram quantities of 1a /b and 

demonstrate how they are ideal ligand precursors. We present the first phosphetanes
4
 containing both axial and ring chirality, X-ray crystal structures of 

their platinum(II) complexes, and the initial results of their activity in palladium-catalysed asymmetric hydrosilylation reactions. 

 

 
 

1. M. Brynda, Coord. Chem. Rev., 2005, 249 , 2013-2034. 

2. R. M. Hiney, L. J. Higham, H. Müller-Bunz and D. G. Gilheany, Angew. Chem. Int. Ed., 2006, 45 , 7248-7251. 

3. B. Stewart, A. Harriman and L. J. Higham, Organometallics, 2011, 30 , 5338-5343. 

4. A. Marinetti and J.-P. Genêt, C. R. Chim., 2003, 6 , 507-514. 

INOR 428 

Production and characterization of a designed di-iron carboxylate protein 

Susan Butch, subutch@ursinus.edu, Amanda J Reig.Department of Chemistry, Ursinus College, Collegeville, PA 19426, United States 

To date, there are only two oxygenases known to catalyze the formation of nitro groups. One of these is AurF, which catalyzes the mono-oxygenation of 
p-aminobenzoate to p-nitrobenzoate, a necessary component of the subsequent synthesis of aureothin, an antibiotic. AurF is a naturally-occuring di-iron 
caboxylate protein found in Streptomyces thioluteus. Its active site, while similar to that of many well-studied di-iron carboxylate proteins, contains an 
extra histidine residue and is therefore of great interest for scientific study. As natural proteins are complex and can be difficult to study, a minimal, 
designed protein has been developed which mimics the core structure of the natural protein. This investigation seeks to determine whether this designed 
protein also mimics the functionality and spectroscopic properties of the natural protein. At present, the designed protein has been produced, purified, 
and characterized by CD spectroscopy, UV-visible metal-binding and oxygen-activating assays, and small-molecule reactivity studies. 

INOR 429 

Development in potential anti-HIV and antimetastatic drug: C3-symmetric tris-linked bridged tetraazamacrocycles as potential CXCR4 
antagonists 

Courtney D Garcia
1
, garciac@student.swosu.edu, Tim Hubin

1
, S J Archibald

2
, Dominique Schols

3
.  (1) Department of Chemistry and Physics, 

Southwestern Oklahoma State University, Weatherford, OK 73096, United States  (2) Department of Chemistry, University of Hull, Hull, United 
Kingdom  (3) University of Leuven, Belgium 

The CXCR4 and CCR5 co-receptors have been revealed as the entry route for HIV into cells, generating interest in a new treatment via fusion inhibitor 
drugs. CXCR4 expression has also been seen in at least 23 different cancers. Due to biomedical applications, our aim is to develop new antagonists for 
the CXCR4 co-receptor. Our objectives were to synthesize C3-symmetric tris-linked analogues of our most effective bis-tetraazamacrocycle metal 
complexes and to characterize their chemical/physical properties in preparation for determining if the added macrocycle enhances their antagonism of 
CXCR4. Synthetic routes extending our bis-linked ligand syntheses were developed. Metal complexes were made using our previous methods. Various 
characterization methods were used. C3-symmetric tri-linked bridged tetraazamacrocycles are easily produced. The resulting complexes will inform our 
understanding of the requirements for producing even more efficient CXCR4 antagonists of this class. 

INOR 430 

Phosphine chalcogenides: Synthesis, electrochemistry and structural characterizaiton 
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Margaret A Tiedemann
1
, tiedemam@lafayette.edu, Chelsea L Mandell

1
, mandellc@lafayette.edu, Chip Nataro

1
, Abby R O'Connor

2
, Benny C 

Chan
2
.  (1) Department of Chemistry, Lafayette College, Easton, PA 18042, United States  (2) Department of Chemistry, The College of New Jersey, 

Ewing, NJ 08628, United States 

A variety of monophosphine chalcogenides and bisphosphine chalcogenides in which the chalcogenide is either sulfur or selenium were prepared by the 
reaction of the appropriate phosphine with the corresponding element. Crystals of several of these compounds were obtained and the structures were 
determined. Of particular interest were the calculated percent buried volume (%Vbur) values for these compounds. Previous studies in this laboratory 
have shown complications in the %Vbur calculations for 1,1'-bis(phosphine chalogenide)metallocene compounds. The inclusion of simpler alky and aryl 
systems in these calculations is necessary. In addition, the oxidative electrochemistry of these compounds was examined in several solvents. The 
phosphinothioyl compounds generally behaved slightly differently than the phosphinoselenoyl analogues when oxidized. Attempts to isolate the products 
of oxidation of these compounds were unsuccessful. 

INOR 431 

Electrochemistry of metal carbonlys with 1,1'-bis(phosphino)metallocene ligands 

Annycardeli Lopez
1
, lopezan@lafayette.edu, Kathryn M Gramigna

1
, gramignk@lafayette.edu, James Berstler

1
, Daniele Menard

1
, Chip Nataro

1
, 

William G. Dougherty
2
, W. Scott Kassel

2
, Michael J. Shaw

3
.  (1) Department of Chemistry, Lafayette College, Easton, PA 18042, United States  (2) 

Department of Chemistry, Villanova University, Villanova, PA 19085, United States  (3) Department of Chemistry, Southern Illinois University 
Edwardsville, Edwardsville, IL 62026, United States 

Metal carbonyl complexes of bisphosphines with metallocene backbones were prepared and characterized. Two classes of metal carbonyl complexes 
were investigated. The first class was M(CO)4(P-P) (M = Cr, Mo, or W) while the second class was M(CO)3Br(P-P) (M = Mn or Re). The bisphosphines 
with metallocene backbones used in this study included 1-1'-bis(dicyclohexylphosphino)ferrocene (dcpf) and 1-1'-bis(diisopropylphosphino)ferrocene 
(dippf). The oxidative electrochemistry was examined in dichloromethane using tetrabutlyammonium hexafluorophosphate as the supporting electrolyte. 
The compounds were also examined using spectroelectrochemistry to determine the site of oxidation. Structures of two of the compounds were 
determined and the percent buried volume (%Vbur) for these compounds was examined. Finally, chemical oxidation of these and related compounds was 
investigated. 

INOR 432 

Di-iron proteins: Formation of a rubrerythrin (Rbr) replica protein from a DFsc model protein 

Sabrina N. Cimerol, sacimerol@ursinus.edu, Amanda J. Reig.Department of Chemistry, Ursinus College, Collegeville, PA 19426, United States 

DFsc is a monomeric de novo designed protein created to model naturally occurring di-iron carboxylate enzymes. Rubrerythrin is a naturally occurring 
di-iron protein that exhibits peroxidase activity. The active site of rubrerythrin differs from the DFsc model protein by the presence of one extra 
carboxylate residue. We have inserted an additional carboxylate residue (Glu or Asp) at position 14 in the amino acid sequence of DFsc with the goal of 
altering it from a phenol oxidase to a peroxidase that can be used as a rubrerythin model. The proteins were analyzed for composition and characterized 
for secondary structure, metal binding ability, and ferroxidase activity. Our results show that both proteins bind to a variety of divalent metal ions, are well 
folded in the absence and presence of metal ions at neutral pH, and exhibit an absorption feature near 350 nm upon addition of Fe

2+
 characteristic of the 

activation of dioxygen. 

INOR 433 

Synthesis of sulfur-bridged transition metal organometallic compounds by ethylene bridge replacement 

Kei Fuchigami, fuchigam@stolaf.edu, Brian Wieliczka, wieliczk@stolaf.edu, Gary L Miessler.Department of Chemistry, St. Olaf College, Northfield, 
Minnesota 55057, United States 

Many organometallic enzymes that are responsible for redox reactions contain dithiolene ligands. To better understand the importance of the dithio 
ligands, we have synthesized novel dithiolate transition metal compounds. The dithiolate-bridged compound [CpMo(ɛ-S2C2H4)]2 loses its ethylene 
bridges on heating, providing reactive sites at its bridging sulfur atoms. We have reacted this molybdenum dimer with group 6-8 transition metal carbonyl 
complexes to effect replacement of one or both ethylene bridges with transition metal carbonyl fragments. Depending on the transition metal, the metal 
carbonyl fragments may bridge the sulfurs symmetrically or asymmetrically; one product, [(CpMo)2{Os(CO)2}2(µ3-S)4], adopts a cubane structure. These 
new complexes have been characterized and identified by X-ray crystallography, NMR and IR spectroscopy and APCI mass spectrometry. 

INOR 434 

Modeling the unique hapticity of cyclooctatetraene in Fe3(COT)3 

Wendy L. Borland, WBORLAND@MY.APSU.EDU, Rebecca M. Jones.Austin Peay State University, United States 

The synthesis of triscyclooctatetraenetriiron [Fe3(COT)3] has provided yet another opportunity to apply theoretical, computational methods to the growing 
body of organometallic chemistry, and specifically triangular iron cluster chemistry. Fe3(COT)3 is a group 8 transition metal compound comprised of a tri-
iron core bonded to purely hydrocarbon ligands. The complex exhibits an interesting ɛ-3, ɛ-5 hapticity not previously observed. Despite collection of 
crystallographic and H

1 
NMR data by Lavallo et al., the oxidation states of the three individual iron atoms of the triangle core could not be determined. In 

an effort to elucidate this compound's electronic structure, we have developed a new computational model of Fe3(COT)3 using DFT methods and two 
well-established functionals, B3LYP and M06-L. These same theoretical methods were also used as we extended our research to include modeling the 
analogous complex, Fe3(CO)12. To validate our models, theoretical data were compared to experimental results reported in the literature; these initial 
results are in agreement with the hapticity observed in the crystal structure. A detailed description of the electronic structure, including discussion of iron 
oxidation states and ligand hapticity, of Fe3(COT)3 will be presented. 

INOR 435 

Synthesis and characterization of cationic Ni(II) complexes containing hemilable ligands for applications in catalysis 

Carolyn Garland, garland2@tcnj.edu, Joshua Koubek, koubek2@tcnj.edu, Daniel Kaplan, Abby R. O'Connor.Department of Chemistry, The College of 
New Jersey, Ewing, NJ 08628, United States 

Not much progress has been made to identify alternate ways to hydrogenate olefins using less expensive homogeneous catalysts. A more sustainable 
way to hydrogenate olefins to alkanes could be achieved through the development of homogeneous Nickel complexes that could serve as catalysts. We 
are interested in exploring this area through the synthesis and characterization of new Ni(II) complexes containing hemilabile groups. The hemilabile 
group will coordinate to the metal center to aid in stabilization, and decoordinate during catalysis. This work focuses on the use allyl ligands containing 
pendent phosphonate and benzyl hemilabile groups to stabilize reactive cationic Ni(II) fragments. Progress includes the isolation and characterization of 
these ligands, as well as reactivity studies of the ligand with Nickel. The preparation, characterization, and reactivity will be discussed. 

INOR 436 

NKU fullerene research: Synthesis of fullerene, coronene, and corannulene precursors for organometallic supramolecular systems 

Chad Maschinot, walterske@nku.edu, Derek Gibbs, Zachary Ewing, Keith A Walters.Department of Chemistry, Northern Kentucky University, Highland 
Heights, KY 41099, United States 
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Our group is interested in designing novel supramolecular systems that could be used for photoinduced charge transfer applications. This poster focuses 
on the synthesis of supramolecular precursors utilizing derivatives of fullerenes, coronene, or corannulene, and a transition metal chromophore enabling 
the system to harness energy from both UV and visible light. The resulting conjugated system and transition metal allow for the efficient transfer of this 
energy. A bipyridine bridge is being used for two reasons. The first is to connect two fullerene handles together keeping the conjugated system together. 
The bipyridine also serves as a place for a metal to attach utilizing the nitrogen of each pyridine as attachment points. This system will then be 
duplicated into polymers that can potentially be applied as paint for solar cell applications. 

 

 
 

INOR 437 

NKU fullerene research: Shortening the bridge with phenanthrolines 

Emma Jones, walterske@nku.edu, Keith A Walters.Department of Chemistry, Northern Kentucky University, Highland Heights, KY 41099, United 
States 

Our group is interested in designing novel supramolecular systems that could be used for photoinduced charge transfer applications. While our research 
group is interested in uniting fullerene and transition metal subunits in supramolecular systems, spectroscopic investigations of our first systems have 
suggested that their interaction is not as strong s desired. An alternative route is to redesign the linkage between these subunits to bring them closer 
together. This poster presents recent developments on our efforts to synthesize substituted phenanthrolines that can be joined both to a transition metal 
and a fullerene using chemical reactions developed in our group. Initial efforts to combine these systems with transition metal chromophores and their 
spectroscopic behavior will also be presented. 

 

 
 

INOR 438 

NKU fullerene research: ñTwo paths to the same moleculeò ï synthesis of fullerene-bipyridine ligands 

Zachary Ewing, walterske@nku.edu, Chad Maschinot, Derek Gibbs, Keith A Walters.Department of Chemistry, Northern Kentucky University, Highland 
Heights, KY 41099, United States 

Our group is interested in designing novel supramolecular systems that could be used for photoinduced charge transfer applications. One of our 
research group's main objectives has been to produce substituted fullerenes that facilitate metal-catalyzed coupling to other chemical subunits (e.g., 
bipyridine sites of ligation, organometallic conjugated polymer backbones) to create our desired systems. However, the modular nature of these systems 
permits alternate synthetic pathways to arrive at the same end product. This poster presents our attempts to investigate various pathways to arrive at the 
desired molecules, and the pros and cons of each. Our resulting subunits can be ultimately used in polymer synthesis that can potentially be applied as 
paint for solar cell applications. 
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INOR 439 

Catalytic metal replaced myoglobin 

Joey Hua, joeyhua90@gmail.com.Department of Chemistry, Benedictine University, Lisle, IL 60101, United States 

Proteins are a biochemical molecule that facilitates biological functions. One common protein includes myoglobin. Myoglobin is a protein of amino acids, 
containing an iron centered heme. The heme allows chemistry to take place with other small molecules as well as serving as an electron receiver and 
sender. The metal within the heme can be replaced with various metals such as cobalt, chromium and manganese. The ultimate goal is to replace 
manganese metal inside the heme group and react it with different oxidants to make myoglobin into an enzyme. Development of potential catalysts is 
beneficial for nitrene transfer and formation of new nitrogen compounds.  

Manganese porphyrin was reacted with apomyoglobin, myoglobin without the heme group, forming manganese myoglobin. Manganese myoglobin was 
reacted with series of oxidants for possible reactions. Reactions occurred with nitrogen transfer agent, N(p-tosylsulfonyl)-imino-phenyliodoinane, and 
peroxide. Reactions were confirmed through changes of the ultraviolet spectrum and both oxidants formed similar spectrum due to the similar possible 
imido intermediate it formed. The kinetic of both reactions was then monitored, however only the nitrogen transfer agent exhibit identity of a catalyst 
because it produced an intermediate that reverted back to its original state. The peroxide reaction was stable and did not change back to its original 
form. This behavior by the nitrogen transfer agent confirms a possible catalytic reaction. This intermediate and catalytic behavior can aid to further 
finding in nitrene transfer. 

INOR 440 

iClick: A novel organometallic reaction 

Trevor J. Del Castillo, trevord@ufl.edu, Soumya Sarkar, Andrew Powers, Khalil A. Abboud, Adam S. Veige.Department of Chemistry, University of 
Florida, Gainesville, Florida 32611, United States 

The presentation outlines the development and exploration of a novelorganometallic synthetic reaction, which forms cyclic linkages betweenmetal 
compounds in solution. This reaction allows access to unknownclasses of multiple-metal containing molecules, macromolecules, andpolymers, which 
could find application anywhere from catalysis topharmaceuticals to materials. 

INOR 441 

Hydrogenation of quinaldine using and air stable iridium(III) benzoquinoline catalyst 

Kerry C Rippy, kerry.rippy@yale.edu, Graham Dobereiner, Michael Manas.Department of Chemistry, Yale University, New Haven, CT 06520, United 
States 

This work focuses on the synthesis of an air-stable Iridium(III) benzoquinoline complex capable of hydrogenating quinaldine through a stepwise outer 
sphere reaction. This reaction, shown in figure 1, takes place under remarkably mild conditions, requiring only one atmosphere of hydrogen gas 
pressure at room temperature. A variety of anions, ligands, and solvents were screened to maximize catalytic conversion, resulting in nearly full 
conversion to 1,2,3,4-tetrahydroquinaldine.  

 
 

INOR 442 

Synthesis and characterization of tungsten and molybdenum acetate and acrylate complexes 

Ian G McKendry, Jason Manjerovic, Robert G Carden, Peter M Graham, pgraham@sju.edu.Department of Chemistry, Saint Joseph's University, 
Philadelphia, Pennsylvania 19131, United States 

Tungsten and molybdenum acetate and acrylate complexes supported by trispyrazolylborate (Tp) and tris(3-5,dimethyl)pyrazolylborate (Tp*) ligands 
have been synthesized. These complexes are of interest as they relate to the insertion of carbon dioxide into metal-carbon bonds. The reaction of acetic 
or acrylic acid with TpMo(CO)(2-butyne)(OMe) results in the loss of methanol and formation of the acetate or acrylate complexes. Oxidation of 
Tp*W(NH

t
Bu)(CO)2 with silver acetate in the presence of sodium acetate yields Tp*W(O)(N

t
Bu)(OAc). 

INOR 443 

Progress towards a rigorous comparison between N-heterocyclic phosphenium ligands and their NHC analogs utilizing a rigid pincer ligand 
framework 

Sadrach Pierre, spierre91@gmail.com, Christine M Thomas, Baofei Pan.Department of Chemistry, Brandeis University, Waltham, MA 02453, United 
States 

Our group has recently reported the synthesis and coordination chemistry of a novel diphosphine pincer ligand featuring a cationic phosphenium donor. 
To provide a rigorous comparison, an analogous N-heterocyclic carbene (NHC) pincer ligand was targeted. The synthesis of the diamine precursor was 
completed through alkylation of o-fluoroaniline with 1,2-dibromoethane. The diphosphine was then generated by nucleophlic substitution of the aryl 
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fluorides with KPPh2. The resulting diphosphine was then treated with H(OEt)3 to afford the imidazolium precursor to the desired carbene ligand. The 
coordination chemistry of this NHC-diphosphine pincer ligand with Pd and Pt will be discussed with a particular focus on a direct comparison with the 
structural and reactivity properties N-heterocyclic phosphenium analogues.  

<ins datetime="2011-10-21T16:12" cite="mailto:Christine%20M.%20Thomas"> 

INOR 444 

Transfer hydrogenation using a ruthenium catalyst with hydroxyl groups near the metal center 

Lauren Reuther, ler36@drexel.edu, Ismael Nieto, Joseph Depasquale, Elizabeth T. Papish.Department of Chemistry, Drexel University, Philadelphia, 
PA 19104, United States 

The ligand system 6,6'-dihydroxy-2,2'-bipyridyl (dhbp) binds to ruthenium metal and provides hydroxyl groups close to the metal center. It has been 
shown that the complex [Ru(dhbp)(p-cymene)Cl]Cl catalytically performs transfer hydrogenation reactions best in 90% water/10% methanol solutions, 
allowing for the use of ñgreenò solvents. These hydroxyl groups appear to significantly improve the solubility of the catalyst, and future studies will 
explore whether these influence the mechanism and enhance the catalytic rates. These hydroxyl groups can potentially allow for metal-ligand 
bifunctional catalysis. Studies are in progress to determine the effect of the protonation state of these hydroxyl groups on the catalytic rates and the 
structures formed and to determine what role these hydroxyl groups play in hydrogenation. 

INOR 445 

Examination of the beta-amyloid peptide and its copper complexes using spectroscopic methods 

Michelle D. Maiden, maidenmi@email.meredith.edu, Kassy A. Mies.Chemistry Department, Meredith College, Raleigh, NC 27607, United States 

Here, we will discuss the interactions between the beta-amyloid peptide (Aɓ), the primary component of the senile plaques that form in Alzheimer's 
patients, and copper. Metal chelation therapy has shown promise in clinical trials, reducing the severity of Alzheimer's symptoms. High levels of metal 
ions have been measured in the senile plaques. We hypothesize copper's redox activity contributes to the neurodegeneration caused by Alzheimer's 
disease and the aggregated peptide exists in the form of a Cu-Aɓ complex. Tyrosine-10, the only fluorophore on the peptide, was the spectroscopic 
handle used to monitor the Aɓ reactions. A comparison will be made between the stability of Cu-Aɓ and Zn-Aɓ. The redox activity of the copper complex 
was also examined, including its ability to generate reactive oxygen species (ROS). This research provides insight on the use of metal chelators and 
binding site competition on Aɓ to reduce the severity of Alzheimer's disease. 

INOR 446 

Tungsten carbonyl complexes bearing multidentate phosphine ligands 

Matthew Knestrick
1,2

, mknestrick13@jcu.edu, Samuel Kyran
1
, Donald J Darensbourg

1
.  (1) Department of Chemistry, Texas A&M University, College 

Station, TX 77843, United States  (2) Department of Chemistry, John Carroll University, University Heights, OH 44118, United States 

Tungsten carbonyl complexes bearing ə
2
- and ə

3-
-chelating trisphosphine ligands were prepared from tungsten hexacarbonyl. These complexes were 

characterized via 
1
H NMR, 

31
P NMR, IR spectroscopy, and elemental analysis. The analogous molybdenum structures were determined by X-ray 

crystallography and shown by infrared spectroscopy to be analogous to their tungsten derivatives. Of interest is the reaction of ə
2
 proceeding to the ə

3-
-

complex, which is found to be much more facile than anticipated for dissociative loss of a strongly bound metal-CO group. This process will be discussed 
based on what I know with regard to the molybdenum and tungsten analogs. Similar compounds have been shown to couple carbon dioxide and 
ethylene to give acrylates.

1
  

 
(1) Bernskoetter, W. H.; Tyler, B. T. Organometallics 2011, 30, 520. 

INOR 447 

Hydrophilic and hydrophobic copper chelators: Pro-oxidants or anti-oxidants? 

Sayyeda Zeenat A Razvi
1
, razvisay@email.meredith.edu, Drew S Folk

2
, Katherine J Franz

2
.  (1) Department of Chemistry, Physics, and Geoscience, 

Meredith College, Raleigh, NC 27607, United States  (2) Department of Chemistry, Duke University, Durham, NC 27708, United States 

The copper-mediated production of damaging hydroxyl radicals (OH
.
 ), a reactive oxygen species (ROS), from hydrogen peroxide in the presence of 

cellular reductants like ascorbic acid is characteristic of ñoxidative stressò. Copper-mediated oxidative stress has been implicated in a number of 
diseases, including inflammation and Alzheimer's disease. Copper chelators can behave as anti-oxidants by binding copper and preventing copper from 
catalyzing the production of OH

. 
. Alternatively, copper chelators can show pro-oxidant behavior by promoting OH

. 
production. The extent of OH

. 

production can be evaluated by a colorimetric assay based on the degradation of 2-deoxyribose. In this study, we tested several copper chelators for 
their ability to attenuate copper-catalyzed OH

. 
production from H2O2 and ascorbic acid by this assay. We present the pro-oxidant and anti-oxidant 

properties of a group of copper chelators at both physiological pH 7.4 and inflammatory pH 4.5. 

INOR 448 

Photochemical studies of iron-iron hydrogenase model compounds in various solvents 

Heidi L. van de Wouw
1
, vandewou@seawolf.sonoma.edu, Carmen F. Works

1
, carmen.works@sonoma.edu, Peter L. Damon

1
, 

pdamon17@gmail.com, Peter C. Ford
2
, Jon A. Marhenke

3
, Agustin Pierri

2
.  (1) Department of Chemistry, Sonoma State University, Rohnert Park, 

California (US) 94928, United States  (2) Department of Chemistry and Biochemistry, University of California Santa Barbara, Santa Barbara, CA 93106, 
United States  (3) Department of Physical Sciences, Butte College, Oroville, CA 95965, United States 

Flash and continuous photolysis studies of (m-pdt)[Fe(CO)3]2 under excess CO were conducted in both coordinating and non-coordinating solvents. The 
thermal back-reaction of CO with the photo-product showed CO dependent second order kinetics with kCO values of 1.0 x 10

8
, 3.4 x 10

6
, 1.2 x 10

6
 and 

0.90 M
-1
 s

-1
 in hexanes, benzene, toluene, and THF, respectively. These data indicate a solvent coordinated intermediate as one photoproduct, but other 

long-lived species were also apparent. Preliminary quantum yield determination for (m-pdt)[Fe(CO)3]2 was found to be 0.07 at room temperature in 
acetonitrile after 365 nm photolysis. Current efforts are focused on refining quantum yields, modifying chemical reactivity, and determining the activation 
parameters. 

INOR 449 

Optimization of the light activated hybrid P450 biocatalysts 

Ngoc-Han Tran, lionel.cheruzel@sjsu.edu, Angelina Nguyen, lionel.cheruzel@sjsu.edu, Sudharsan Dwaraknath, lionel.cheruzel@sjsu.edu, 
Jeremiah Heredia, lionel.cheruzel@sjsu.edu, Ngoc Huynh, Lionel Cheruzel.Chemistry, San Jose State University, San Jose, CA 95192-0101, United 
States 

Cytochromes P450 constitute a unique superfamily of heme-thiolate enzymes that catalyze the insertion of an oxygen atom, derived from molecular 
dioxygen, into a C-H bond of a variety of organic substrates, often with high degrees of regio- and stereoselectivity. These proteins have been of great 
interest due to their unique synthetic potential. However, most P450 monooxygenases are characterized by low activity, limited stability and general 
dependence on auxiliary electron carrier proteins called reductases. 
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Our research has been focused on an alternative approach to perform P450 reactions based on light activation. We have developed the first generation 
of hybrid enzymes containing a Ru(II) photosensitizer covalently attached to non-native single cysteine residues of P450 BM3 heme domain mutants. 
We recently reported that these hybrid enzymes are capable of selectively hydroxylating lauric acid with 40-fold increase in TON compared to the wild 
type heme domain using the peroxide shunt. 

Building on these results, we have been working to improve the activity and stability of the hybrid enzymes by optimizing the reaction conditions and by 
expanding our library of mutants from the two initial hybrid enzymes, generating the second generation of hybrid enzymes. This fifteen mutant library of 
hybrid enzymes consist of new non-native single cysteine residues of P450-BM3 heme domains as well as new photosensitizers. We will present the 
results obtained with this second generation of hybrid enzymes regarding the improved reactivity and stability along with insights on their mechanism. 

INOR 450 

Investigation of the electronic structure of ˊ-allyl complexes 

Greyson Waldhart, gwald332@uwsp.edu, Brittany Schreiber, bschr617@uwsp.edu, Randall Siedschlag, Jason D'Acchioli.Department of Chemistry, 
University of Wisconsin- Stevens Point, Stevens Point, Wisconsin 54481, United States 

A sample of organometallic complexes was studied using density functional theory calculations implementing various popular exchange-correlation 
functionals and basis sets in conjunction with the Natural Population Analysis methods of Landis and Weinhold to determine the electronic charges of 
the metal and the ɖ

3
- -́allyl ligand in each complex. It was found that the allyl moiety of the organometallic complexes carries more negative charge than 

the metal of the complex. This brings into question how to assign the charge on the allyl ligand when using the 18-electron ruleðpositive, neutral, or 
negative. 

INOR 451 

Oxidation and glycolysis of inosine by a Ru(III) complex 

Matthew Wolf, mwolf@middlebury.edu, Sunhee Choi.Department of Chemistry and Biochemistry, Middlebury College, Middlebury, Vermont 05753, 
United States 

Transition metal ions such as Ru
III 

and Pt
IV

 are able to oxidize guanine (G) derivatives through similar mechanisms. Both Ru
III
 and Pt

IV
-bound G have 

highly positively polarized C8-H that can be deprotonated by OH
-
 and undergo two-electron redox reaction. In this study reactions of [Ru

III
(NH3)5(Ino)] 

(Ino = Inosine) at high pH with O2 and without O2 were studied. Under aerobic conditions ruthenium 8-oxo-Ino was observed by Liquid 
Chromatography/Mass Spectrometry (LC/MS) and High Pressure Liquid Chromatography (HPLC). Evidence for the glycolysis of [Ru

III
(NH3)5(Ino)] into 

[Ru
III
(NH3)5(Hypo)] (Hypo = hypoxanthine) and ribose under anaerobic conditions was also observed by LC/MS and HPLC. We propose that 

[Ru
III
(NH3)5(Ino)] disproportionates to [Ru

II
(NH3)5(Ino)] and [Ru

IV
(NH3)5(Ino)] followed by sugar glycolysis of the Ru

IV
 species. 

INOR 452 

Dicarbonyl{[2-(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal hydrides and halides: Precursors for olefin epoxidation catalysts 

Laura Avena, lavena@macalester.edu, Kent C Hackbarth, Michelle C Neary, Kevin P Sullivan, Paul J Fischer.Department of Chemistry, Macalester 
College, Saint Paul, MN 55105, United States 

The application of CpMoO2Cl and related high valent Mo compounds as oxidation catalysts is surprisingly limited since these are very early examples of 
organometallic oxides. The catalytic activity of the cis-MoO2 fragment in oxidation and oxygen transfer reactions is well established. The dicarbonyl{[2-
(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal hydrides (M = Cr, Mo, W) react with haloforms (CHX3, X = Cl, Br, I) resulting in hydrogen-
halogen exchange, affording dicarbonyl{[2-(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal halides. The formulations of the new M'-H (M' = 
Cr, W) and M-X (M = Cr, X = I; M = Mo, X = Cl, Br, I; M = W, X = Br) complexes have been unambiguously confirmed in solution and the solid-state. This 
poster focuses on the syntheses and characterization details for these new complexes. The Mo-X complexes are precursors for olefin epoxidation 
catalysts for cyclooctene and 1-dodecene with tert-butyl hydrogen peroxide as oxidizing agent. The catalyst activities increase as I < Br < Cl. 

INOR 453 

Synthesis and characterization of a new class of N-heterocyclic carbenes 

Daniela Tapu, Christopher Ghattas, ghattasattahg@yahoo.com, Lauren Hutchinson.Chemistry and Biochemistry, Kennesaw State University, 
Kennesaw, GA 30144, United States 

In the last two decades N-heterocyclic carbenes have emerged as a powerful class of carbon-based ligands. Compared to phosphorus-containing 
ligands, NHCs tend to bind more strongly to metal centers, avoiding the necessity for the use of excess ligand in catalytic reactions. Herein, the 
synthesis and structural characterization of a new class of fluorophore tagged N-heterocyclic carbenes will be reported. Interest in the development of 
these compounds has arisen due to their potential application in catalysis and in fluorescent devices. 

INOR 454 

Fluorescent catalysts derived from N-heterocyclic carbenes 

Daniela Tapu, Mahatab H Chowdhury, mchowdh3@students.kennesaw.edu, Zachary McCarty.Chemistry and Biochemistry, Kennesaw State 
University, Kennesaw, GA 30144, United States 

N-heterocyclic carbenes (NHCs) have mostly been used as ancillary ligands for the preparation of transition metal-based catalysts. Owing to their unique 
electronic and steric properties, they have been incorporated in a large variety of catalytically active metal complexes The corresponding complexes are 
often less sensitive to air and moisture, and have proven remarkably resistant to oxidation. Here, we report the synthesis and spectroscopic 
characterization of a series of new rhodium and iridium complexes derived from novel fluorophore tagged NHC. 

INOR 455 

Triazolylidene's role in the dehydrogenation of ammonia-borane 

Michael Slitts, slit3639@stthomas.edu, Marites Guino-o.Department of Chemistry, University of Saint Thomas, Saint Paul, Minnesota 55105, United 
States 

Baker demonstrated that among a series of transition metal complexes tested, Ni(TPT)2 (where TPT = 1,3,4-triphenyl-4,5-dihydro-1H-1,2,4-triazol-5-
ylidene) gave the highest extent of dehydrogenation for ammonia-borane. This paper aims to quantify triazolylidene ligand effects (steric and electronic) 
on a nickel center. By using a family of carbenes (Figure 1), the CO stretching frequencies describe the ligands' electronic effects, while the Single X-ray 
Diffractometer gives the ligands' steric requirement. 
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INOR 456 

Comparison of half-sandwich ruthenium-thiosemicarbazone complexes with [9]aneS3 or p-cymene face-caps 

P. Canisius Mbarushimana
1
, floyd.beckford@lyon.edu, Floyd A Beckford

1
, Antonio Gonzalez-Sarrias

2
, Navindra P Seeram

2
.  (1) Department of 

Chemistry, Lyon College, Batesville, AR 72501, United States  (2) Department of Biomedical and Pharmaceutical Sciences, University of Rhode Island, 
Kingston, Rhode Island 02881, United States 

We have synthesized two series of half-sandwich ruthenium complexes containing vanillin thiosemicarbazones (vTSCs); the complexes have the 
general formula [([9]aneS3)Ru(vTSC)Cl]Cl] and [(p-cymene)Ru(vTSC)Cl]

+
. We have compared the cytotoxicity profiles (of the two sets) against two 

human colon cancer cell lines, HCT-116 and Caco-2. The IC50 values for the p-cymene series range from 2.7 ɛM to 59.7 ɛM against HCT-116 and 3.7 
ɛM to 60.3 ɛM for Caco-2. There is only slight cytotoxic selectivity for the cancer cell lines versus the non-tumorigenic CCD-18Co cells. The 
[([9]aneS3)Ru(vTSC)Cl]Cl complexes were also tested against MCF-7 (human breast cancer) cells. The members of both series of complexes can bind 
to DNA. For instance, from electronic absorption titrations the [(p-cymene)Ru(vTSC)Cl]

+
series bind to calf-thymus DNA with binding constants that range 

from1.71 ï 7.08 x 10
4
 M

-1
. The complexes also interact with human serum albumin and we have also investigated their reactions with ubiquitin, hen egg 

white lysozyme and horse cytochrome c. 

INOR 457 

Benzene-ruthenium organometallic complexes: Synthesis, characterization, and biophysical reactivity 

Alyssa Stott
1
, floyd.beckford@lyon.edu, Floyd A Beckford

1
, Antonio Gonzalez-Sarrias

2
, Navindra P Seeram

2
.  (1) Department of Chemistry, Lyon 

College, Batesville, AR 72501, United States  (2) Department of Biomedical and Pharmaceutical Sciences, University of Rhode Island, Kingston, RI 
02881, United States 

We have synthesized two half-sandwich ruthenium complexes of the type [(C6H6)Ru(ATSC)Cl]PF6, where ATSC = 9-anthraldehyde thiosemicarbazone 
(1 ) or 9-anthraldehyde ethylthiosemicarbazone (2 ). The complexes were characterized by elemental analysis and various spectroscopic techniques. 
The complexes displays variegate cytotoxic profiles against HCT-116 and Caco-2 (human colon cancer cells. The IC50 values for 1 were 104 ɛM and 
59.8 ɛM respectively and 2 had IC50 values of 23.3 ɛM and 29.7 ɛM for HCT-116 and Caco-2 respectively. In addition, we noted that the complexes 
displayed some cytotoxic selectivity being half as cytotoxic to non-tumorigenic CCD-18Co cells. We have studied the reactions of the complexes with 
model proteins and have detected, by mass spectrometry, two ruthenated-ubiquitin species. The complexes bind to DNA with binding constants on the 
order of 10

4
 M

-1
. The complexes bind strongly to human serum albumin; competition experiments with flufenamic acid and phenylbutazone did not prove 

conclusively which binding site on the protein is targeted. 

INOR 458 

Work towards complexes of iridium for C-H activation 

Alex C MacRae
1
, macraa@u.washington.edu, Kate E Allen

1
, Jongwook Choi

2
, Alan S Goldman

2
, Karen I Goldberg

1
.  (1) Chemistry, University of 

Washington, Seattle, Washington 98195, United States  (2) Chemistry and Chemical Biology, Rutgers University, Piscataway, New Jersey 08854, 
United States 

The selective activation and functionalization of the C-H bonds of arenes and alkanes would directly yield products that are of importance to industry. 
Late transition metal complexes have shown great promise in the selective activation of C-H bonds. Ligated acetate has also been shown to promote C-
H activation. The results of our studies concerning the reactivity of high valent Ir and Rh bis-acetate complexes with arenes and alkanes will be 
presented. Specifically, the reactions of the complexes (

i
PrPhebox)M(OAc)2(H2O) (M=Ir, Rh; 

i
PrPhebox= (3,5-dimethyl-2,6-bis(4-

isopropyloxazolinyl)benzene) and (NOCON)Ir(OAc)2(H2O) [NOCON = ( 4,6-di-
t
butyl)-1,3-bis(2-pyridyloxy)benzene] under a variety of conditions will be 

discussed. 

INOR 459 

Kinetic studies of C-F activation by a masked two-coordinate cobalt(I) complex 

Jonathan M Goldberg, jgoldbe7@gmail.com, Thomas R Dugan, Patrick L Holland.Department of Chemistry, University of Rochester, Rochester, New 
York 14627, United States 

Selective activation of carbon-fluorine bonds in organic molecules is a challenge in organometallic chemistry since C-F bonds are among the strongest 
sigma bonds. Cleavage of C-F bonds using a metal complex is not always chemoselective, since competitive C-H and C-C activation typically results 
from lower C-H and C-C bond strengths and formation of kinetically stable M-H and M-C products. We report a ɓ-diketiminato cobalt(I) complex, L

tBu
Co 

[L
tBu

= 2,2,6,6-tetramethyl-3,5-bis(2,6- diisopropylphenylimido)hept-4-yl] that selectively activates the carbon-fluorine bond in fluorobenzene and other 
aryl fluorides. We observe the cleavage of only the carbon-fluorine bond. UV/visible kinetic studies were performed to understand the mechanism of this 
C-F bond activation, and elementary second order rate constants were determined for a variety of fluoroarenes. Kinetic data point to a mechanism 
featuring oxidative addition of fluorobenzene to the cobalt(I) complex followed by disproportionation to give the cobalt(II) fluoride and aryl complexes 
[L

tBu
Co(ɛ-F)]2 and L

tBu
CoPh in the expected stoichiometry. 
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INOR 460 

Structure-activity relationship study on Platinum-Amidine analogs and their DNA binding properties 

Harrison T West
1
, westht8@wfu.edu, Jimmy Suryadi

1
, Xin Qiao

1
, Gregory L Kucera

2
, Virginia del Solar Fernandez

1
, Ulrich Bierbach

1
.  (1) Department of 

Chemistry, Wake Forest University, Winston-Salem, North Carolina 27109, United States  (2) Comprehensive Cancer Center, Wake Forest School of 
Medicine, Winston-Salem, North Carolina 27109, United States 

Platinum-acridine hybrid agents have demonstrated high potency against non-small-cell lung cancer and other solid tumors possessing resistance to 
cisplatin. These molecules contain a DNA intercalating moiety in the form of an acridine amine. In this study, analogs of [PtCl(en)(LH)](NO3)2 
(compounds 1; LH = N-(2-(acridin-9-ylamino)ethyl)-N-methylpropionimidamide, protonated form, ñPt-Amidineò) were designed and synthesized with 
changes to the organic DNA intercalating ligand. The purpose of this type of modification was to establish the minimum requirements for effective 
intercalation. In the newly synthesized analogs, tetrahydroacridine (THA, compound 2 ) and quinoline (QUIN, compound 3 ) replaced the acridine in the 
prototype. The structural consequences on the DNA intercalating properties of the different ligands were investigated with CD spectroscopy and plasmid 
DNA unwinding experiments. Additionally, the activities of these compounds were investigated in cancer cell lines to determine the effect of changing the 
DNA intercalating unit and to establish relationships between DNA conformational changes and biological activity. 

INOR 461 

Award Address (ACS Award in Inorganic Chemistry sponsored by Aldrich Chemical Co., Inc,). Inorganic electron transfer: Sharpening a fuzzy 
border in mixed valency and extending mixed valency across supramolecular systems and nanoparticles 

Clifford P Kubiak, ckubiak@ucsd.edu.Department of Chemistry & Biochemistry, University of California, San Diego, La Jolla, California 92093-0358, 
United States 

After nearly 50 years of study, answering the question of whether an inorganic mixed valence system is fully delocalized (Robin ï Day Class III) or not 
remains a challenge. We employ coalescence of ɜ(CO) bandshapes in 1D infrared (IR) spectra of mixed valence complexes to determine rate constants 
of electron transfer (ET). These studies have revealed some unusual behaviors such as rates of ET that get faster as the temperature is decreased, and 
failure to conform to several of the major tenets of the Marcus-Hush theory of electron transfer. Most of these apparent anomalies are resolved by the 
following physical picture. (1) Rate constants are in the ñultrafastò regime where they depend on the pre-exponential terms within the frequency factor, 
ɜN; (2) The frequency factor contains both external (solvent dynamics) and internal (molecular vibrations) contributions, and solvent motions are 
generally slower than internal vibrations; (3) Decoupling the slower solvent motions involved in the frequency factor ɜN for ET by freezing the solvent 
causes a transition from solvent dynamics to internal vibration limited rates. (4) A three state model of mixed valency that predicts two intervalence 
charge transfer (IVCT) bands and their response to increasing degrees of electronic communication, solvent, and temperature applies. These studies of 
systems progressing through a localized-to-delocalized transition have provided general guidelines for establishing where a particular mixed valence 
system lies along the borderline. Two key points learned from the investigation of these mixed valence systems are: solvent dynamics tend to localize 
otherwise delocalized states, and delocalization on the timescale of the fastest (inertial) solvent motions is not sufficient to achieve complete electronic 
delocalization. Extending ideas we have learned from ultrafast mixed valency, we can begin to describe electron transfer reactions in high order 
supramolecular triruthenium cluster assemblies, hydrogen bonded systems, and across metallic and semiconducting nanoparticles. 

INOR 462 

Award Address (Alfred Bader Award in Bioinorganic or Bioorganic Chemistry sponsored by the Alfred R. Bader Fund). With a little help from 
my friends 

Brian M. Hoffman, bmh@northwestern.edu.Department of Chemistry, Northwestern University, Evanston, IL 60208, United States 

Our research in Bioinorganic Chemistry involves: (i) The use of electron-nuclear double resonance (ENDOR), a combination of NMR and EPR 
spectroscopies, to determine metalloenzyme mechanisms. One major focus is on enzymes with diatomic substrates, the essential toxin, O2, and N2, the 
biological source of NH3. (ii) The study of long-range electron transfer (ET) between proteins, with primary focus on the central question: how do 
conformational dynamics at a protein-protein interface control ET? 

This presentation will emphasize the first of these areas. It will select from among current efforts to determine the structure and bonding in nitrogenase 
intermediates and their biomimetic analogues, and to characterize other systems, such as the diiron intermediate formed during activation of 
ribonucleotide reductase. Efforts will be made to place embed current work in the context of earlier studies. None of this work could have been 
accomplished without the 'help' of friends whose contributions will be highlighted. 

INOR 463 

Award Address (ACS Award in the Chemistry of Materials sponsored by E.I. du Pont de Nemours and Co.). Synthesis, characterization and 
applications of conducting polymer nanofibers, superhard metals and nanostructured carbon 

Richard B Kaner, kaner@chem.ucla.edu.Chemistry & Biochemistry, University of California, Los Angeles, Los Angeles, CA 90095, United States 

Underlying all devices are the materials needed to make them work. Over the past 25 years at UCLA, my research group has focused on the synthesis, 
characterization and applications of new materials. We have targeted three main areas: 1. Novel routes to creating nanofibers of conjugated polymers; 
2. The synthesis of ultra-incompressible, superhard metallic borides: and 3. The growth of novel forms of carbon including superconducting fullerenes 
and graphene. 1. Since the inception of conducting polymers one of the most difficult challenges has been how to make them processable by methods 
used for traditional polymers ï dissolution and melting. By creating nanofibers of conjugated polymers, these materials can now be dispersed in water 
and even melted. 2. By adding short covalent bonds to dense, but relatively soft transition metals, we have created transition metal borides that include 
the hardest known metallic materials. 3. New forms of carbon, e.g. graphene, may find interesting applications such as in flexible electronic devices. 

INOR 464 

Award Address (Frederic Stanley Kipping Award in Silicon Chemistry sponsored by Dow Corning Corporation). Trisilaallene and related 
heavy allenes: Synthesis and unusual structure and bonding 

Mitsuo Kira, mkira@m.tohoku.ac.jp.Department of Chemistry, Graduate School of Science, Tohoku University, Aoba-ku, Sendai, Miyagi 980-8578, 
JapanKey Laboratory of Organosilicon Chemistry and Material Technology of Ministry of Education, Hangzhou Normal University, Hangzhou, Zhejiang 
310012, China 
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The synthesis of stable trisilaallene and related heavy allenes 1a-1d , their unusual structural properties, and reactions are discussed in this talk. In 
contrast to normal carbon allenes, the heavy allenes are featured by the bent and fluxional MïM'ïM skeletons and significant conjugation between the 
two M=M' double bonds. Using the PMO theory, the origin of the unusual bonding is ascribed to the Jahn-Teller distortion associated with the effective 

-́ů* mixing. 

 

 
 

INOR 465 

Award Adress (ACS Award for Affordable Green Chemistry, sponsored by Dow Chemical and endowedby Rohm and Haas). Sustainable 
approaches to chemicals: Glycerin as renewable feedstock for epichlorohydrin production 

Jack W Kruper Jr, wjkruperjr@dow.com.Chemical Sciences, The Dow Chemical Compnay, Midland, MI 48674, United States 

The petrochemical industry has historically relied upon naptha and light hydrocarbons as a source for its entire portfolio of products. In these times of 
unstable hydrocarbon prices, there are certain processes and products which could benefit from the use of alternative starting materials, including 
triglycerides, sugar and cellulose. The benefits of such processes would include a lower carbon footprint, a reduction of variable costs and an overall 
improvement in atom and process economy. 

The Dow Chemical Company has invested in a strategy which considers bio-based approaches to existing and new materials. These include 
fermentation derived agrochemicals, water soluble polymers, Reneuva

TM
 urethane foams, renewable propylene glycol (PGR) and epichlorohydrin, a key 

ingredient for the production of liquid epoxy resins. Currently Dow is the world's largest producer of epichlorohydrin with a global capacity of 1.6 Billion 
lbs. In August, 2007, Dow announced its intent to manufacture epichlorohydrin in China (150 kTpa) via a novel, acid-catalyzed hydrochlorination process 
using glycerin. The process not only utilizes a renewable feedstock, but it allows for an economically attractive alternative to the incumbent, propylene-
based process.[1] 

We will discuss the catalytic attributes and advantages of the Dow Glycerin to Epichlorohydrin process (GTE) over that of existing process routes.[2] 
Structure activity parameters for optimization of the catalyst as well as mechanistic reasons for the observed high regioselectivity in the production of 
primary chlorides (a kinetic effect) from vicinal diols will also be considered. 

_________________________________________________________________________ 

[1] U.S. Patents 7,910,781; 7,906,690; 7,893,193 to The Dow Chemical 

[2] Bell et al Clean: Soil, Air, Water 2008 , 36(8), 657-661. 

INOR 466 

Award Address (ACS Award in Pure Chemistry sponsored by the Alpha Chi Sigma Fraternity and the Alpha Chi SigmaEducational 
Foundation). Pincer ligands as tools in the study of reactivity at transition metal centers 

Oleg V. Ozerov, ozerov@chem.tamu.edu.Chemistry, Texas A&M University, College Station, TX 77843, United States 

Chemical reactions can be viewed as sequences of bonds being broken and formed in a certain order. Discovery of new chemical transformation usually 
requires either new elementary ways of breaking or making chemical bonds or a new way to combine the known elementary steps. In our research, 
pincer ligands have been invaluable as tools that permit studying elementary reactions at transition metal centers in well-defined environments. The 
presentation will focus on design strategies for rigid pincer ligands and their applilcation in the synthesis of unusual metal complexes, studies of 
elementary reactions, and catalysis. 

INOR 467 

Award Address (ACS Award in Organometallic Chemistry sponsored by The Dow Chemical Co. Foundation). Reactions of small molecules 
with main group compounds under ambient conditions 

Philip P Power, pppower@ucdavis.edu.Chemistry, UC Davis, Davis, CA 95695, United States 

The lecture will summarize the work of the author and his group in the title area beginning with their discovery of the reaction of hydrogen with a 
digermyne in 2005. Recent work involving the addition and insertion reactions of cyclic and acyclic olefins with group 13 and group 14 unsaturated, 
multiple bonded and hydridic species will also be a major theme of the presentation. 

INOR 468 

Award Address (F. Albert Cotton Award in Synthetic Inorganic Chemistry sponsored by F. Albert Cotton Endowment Fund). Acid comments 

Christopher A Reed, chris.reed@ucr.edu.Department of Chemistry, University of California, Riverside, Riverside, California 92521, United States 

What is the strongest known acid? How was it determined? Can an even stronger acid be made? How can the strongest acid also be the gentlest? What 
is the oldest unsolved problem in acid chemistry? (Hint: Gay-Lussac was around). Does anyone know the true nature of H

+
 in water? These are some of 

the questions that will be addressed on the occasion of accepting the Cotton Award for Synthetic Inorganic Chemistry. 

INOR 469 

Award Address (ACS Award for Distinguished Service in the Advancement of Inorganic Chemistry sponsored by StremChemicals, Inc). 
Thirty-two years of collaborative chemical crystallography and a few other things 

Arnold L. Rheingold, arheingold@ucsd.edu.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093-0358, 
United States 

A retrospective look at the crystallographic phase of my life, necessitated by having too few friends who could do it for me, energized by a mild mid-life 
crisis and propelled by a compulsive need to keep a diffractometer working. Along the way I made a lot of good friends and got to work on some really 
neat structures. 

INOR 470 

Resurrection of phenanthroline N,N'-dioxide metal complexes 

Peter Baran, baran@juniata.edu.Department of Chemistry, Juniata College, Huntingdon, PA 16652, United States 

From 1958 until 1999, coordination chemists argued about the existence or nonexistence of 1,10-phenanthroline N,N'-dioxide (phenO2). Over a dozen 
publications reported synthesis of its metal complexes before phenO2 was finally prepared via oxidation of 1,10-phenanthroline with HOF·CH3CN.

1
 We 



93 

 

are now presenting the synthesis and characterization of the first transition metal complexes of phenO2 including the crystallographically characterized 
[Ni(phenO2)3]Cl2. 
1
 S. Rozen, S. Dayan, Angew. Chem. Int. Ed. 1999, 38, 3471. 

INOR 471 

Macrocyclic lanthanide complexes for luminescent sensor applications 

Eric J. Werner
1
, ewerner@ut.edu, Joshua E. Smith

2
, Ana de Bettencourt-Dias

3
, Tavya G. R. Benjamin

1
.  (1) Department of Chemistry, Biochemistry and 

Physics, The University of Tampa, Tampa, FL 33606, United States  (2) Counterproliferation Branch, Human Effectiveness Directorate, Air Force 
Research Laboratory, Wright-Patterson Airforce Base, OH 45433, United States  (3) Department of Chemistry, University of Nevada, Reno, NV 89557, 
United States 

The lanthanide (Ln) ions possess unique photophysical properties rendering them useful in a variety of areas including biological imaging and sensor 
applications. To fully exploit the luminescent properties of certain Ln ions in the form of emissive compounds, suitable ligands must be used to bind the 
metal and act as an ñantenna,ò absorbing light and transferring the energy to the Ln for subsequent emission. We are exploring a macrocyclic 
tetraiminodiphenolate (TIDP) ligand motif for Ln chelation and further luminescent applications. The complexes of interest form in one convenient, metal-
templated step from readily available precursors and can easily be structurally modified to tune the metal emission. The synthesis, characterization, and 
applications in biological anion sensing with the TIDP complexes will be discussed, as well as their incorporation into silica nanoparticles to further 
enhance the Ln emission from this new series of complexes. 

INOR 472 

Coordination complexes of a tripodal ligand with hydrogen-bonding guanidine groups 

Robert C Scarrow, rscarrow@haverford.edu, Kayleigh M. Herrick-Reynolds, Sarina C Schwartz, Andrew D Mumma, Jeffrey A. Schneider.Department 
of Chemistry, Haverford College, Haverford, PA 19041, United States 

The ligands DIG2tren, NH2CH2CH2N(CH2CH2N=C(NHCH(CH3)2)2)2, and DIG3tren, N(CH2CH2N=C(NCH(CH3)2)2)3, are synthesized from condensation of 
tren, N(CH2CH2NH2)3, with two or three equivalents of diisopropylcarbodiimide, C(=NCH(CH3)2)2. We report and compare the structures of complexes of 
these ligands with divalent transition metals from iron to zinc. In most complexes there is a small anionic auxiliary ligand that completes trigonal 
bipyramidal coordination of the metal. The guanidine groups can hydrogen bond to the auxilliary ligand or to counterions; the latter interactions are 
important in determining the crystal packing. We have been exploring the auxiliary ligand binding preferences and reactivity of these complexes. The 
investigations have formed the basis for several undergraduate senior thesis projects. 

INOR 473 

Using carbon monoxide (CO) as a probe to study the electronic properties of copper (I) tris(triazolyl)borate 

Jodi Kraus, kraus.jodi@gmail.com, Natalie A. Dixon, Elizabeth T. Papish.Department of Chemistry, Drexel University, Philadelphia, Pennsylvania 
19104, United States 

Recently, tris(triazolyl)borate (Ttz) ligands have emerged as a way to model various enzymes. They offer improved water solubility and differing 
electronic structure from their tris(pyrazolyl)borate (Tp) counterparts. The addition of an acid to the copper (I) carbonyl species of the ligand alters the 
electronics, presumably by binding at the third nitrogen on the triazole ring, and decreases its ability to serve as an electron donor. Infrared spectroscopy 
allows for the changing electronic properties to be measured by observing the CO stretch. As the stoichiometric ratio of acid to ligand increases, the CO 
stretch shifts as well. The reversibility of the reaction can be demonstrated upon addition of a base in which the CO stretch shifts to its original position in 
solution. The ability of the ligand to act as a ñswitchò at this location on the triazole ring offers practical application in regards to a potential role in 
catalysis. 

INOR 474 

Modification of an acacen ligand for use in ñclickò chemistry 

Kevin R. Hoke, khoke@berry.edu, Ashley A. Holland, Matthew B. Summerlin, Christopher H. Stuart.Department of Chemistry, Berry College, Mount 
Berry, Georgia 30149, United States 

We are investigating surface-immobilized metal complexes bearing vacant coordination sites for reactions with oxygen, carbon monoxide, nitrogen 
monoxide or other molecules of interest. We have recently synthesized a propargylated derivative of bis(acetylacetone)ethylenediimine (ñacacenò). By 
doing so, we have functionalized this classic quadridentate ligand so that it may be attached to azide-derivatized electrode surfaces using ñclickò 
chemistry. Acacen is able to bind a variety of metals, including vanadium, manganese, or cobalt to form catalytically active complexes for oxygen atom 
transfer. Furthermore, we have some flexibility to incorporate additional functional groups in the ligand framework. IR reflectance spectroscopy can be 
used to monitor the presence and reactivity of these complexes on gold surfaces. In addition, electrochemical methods are being employed to probe the 
ability of the resulting complexes to bind small ligands and to catalyze chemical reactions at the surface of gold electrodes. 

INOR 475 

Sterically demanding 6-arylpicolinates as ligands for transition metals: Structural, redox, and reactivity studies 

Patrick W Smith, pwsmith@ucsd.edu, Joshua S Figueroa.Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, 
California 92092, United States 

A new class of sterically demanding 6-arylpicolinates for use as ligands for transition metals has been prepared. Presented here are the mesityl- and 
perfluorophenyl- derivatives. Compounds of the mesitylpicolinate ligand with several first row transition metals including vanadium and cobalt have been 
isolated and reactivity studies are underway. Silver (I) and copper (II) complexes of this ligand have also been prepared in attempts to model the 
commercially available but largely uncharacterized silver (II) picolinate, used as a strong selective oxidant in organic synthesis. Finally, complexes of 
both the perfluorophenyl- and mesitylpicolinates have been prepared with zinc, and characterization with UV-VIS and cyclic voltammetry was undertaken 
in order to evaluate the effect of 6-substitution on the redox properties and electronic structure of the picolinate moiety. 

INOR 476 

Syntheses, structures, and reactivities of a series of new vanadium nitride complexes 

Colin D Abernethy
1
, cabernethy@sarahlawrence.edu, Michael Findlater

2
, Sarah E Reyman

1
, Lauren E Shepard

1
, James A Parichy

1
, Allison H-Y 

Chiu
1
.  (1) Department of Chemistry, Sarah Lawrence College, Bronxville, NY 10708, United States  (2) Department of Chemistry and Biochemistry, 

Texas Tech University, Lubbock, TX 79409, United States 

Transition metal nitride complexes are an increasingly important class of compounds. In addition to their role as key intermediates in nitrogen fixation, 
nitride complexes have significant uses as both reagents for N-atom transfer reactions and precursors to metal nitride thin films. However, while nitride 
complexes of the late and mid transition metals are well-established, fully characterized nitride complexes of the early transition metals remain rare. The 
syntheses, structures, and properties of a series of new vanadium nitride complexes will be presented. In addition, the influence of different coligands on 
the bonding mode of the nitride ligands in these species will be discussed. 

INOR 477 
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Role of nanoscale morphology on the nano= and macro-scale performance of polythiophene based polymer solar cells 

Peter F Green, pfgreen@umich.edu, Jojo Amonoo, Emmanouil Glynos, Chelsea Chen, Bong Gi Kim, Jinsang Kim.Materials Science and Engineering, 
University of Michigan, Ann Arbor, Michigan 48109, United States 

Maximization of the short circuit current, JSC, the open circuit voltage, VOC, and the fill factor (FF) to achieve highest power conversion efficiencies 
(PCEs) in donor/acceptor, polymer/polymer, solar cells is dependent on optimization of variables associated with the active material's chemical and 
morphological structure. Control of the nanoscale structure of polythiophene (P3HT)/phenyl-C61-butyric acid methyl ether (PC61BM) active materials was 
achieved through use of a novel low temperature processing strategy. With the use of energy filtered transmission electron microscopy (EF-TEM), 
electron and X-ray diffraction, together phase contrast, deflection and photocurrent measurements at the nanoscale, we were able to tailor nanoscale 
morphologies to achieve increases in the JSC by a factor of 1.2 and the PCE by 30%, beyond that using conventional heat treatments for processing. We 
also established the connection between structure, the HOMO and LUMO levels and performance, through molecular design and synthesis of new 
polythiophene based polymers. 

INOR 478 

Hydrogen storage in metal-organic frameworks 

Kenji Sumida
1,2

, Eric D Bloch
1
, Zoey R Herm

1
, Hye Jin Choi

1,2
, Jeffrey R Long

1,2
, jrlong@berkeley.edu.  (1) Department of Chemistry, University of 

California, Berkeley, Berkeley, CA 94720, United States  (2) Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, 
United States 

Materials exhibiting reversible hydrogen adsorption with high gravimetric and volumetric capacities are sought for use in on-board storage systems of 
hydrogen fuel cell-powered vehicles. Microporous metal-organic frameworks with high internal surface areas have been shown to display excellent 
storage properties, but only at cryogenic temperatures. Methods for synthesizing frameworks containing coordinatively-unsaturated metal centers are 
therefore being developed as a means of increasing the H2 adsorption enthalpy. In particular, we seek to synthesize thermally-robust, high-surface area 
materials with a high concentration of open metal coordination sites. By adjusting the electronic structure of the metal ions, it is expected that an optimal 
H2 binding enthalpy in the range 15-20 kJ/mol can be achieved, leading to a high H2 storage capacity at room temperature and safe pressures of up to 
100 bar. Our approaches involve the insertion and activation of metal carbonyl units on the aromatic components of existing frameworks, as well as the 
design of new frameworks using bridging ligands that facilitate the generation of open metal coordination sites. 

INOR 479 

Controlled fabrication of semiconductor-metal-silica nanocomposites and their use in photocatalytic biomass conversion 

Javier Vela
1,2

, vela@iastate.edu, Purnima T. A. Ruberu
1,2

, Igor I Slowing
2
, Chia-Cheng Lin

1,2
, Yijun Guo

1,2
, Nicholas C Nelson

1,2
, Malinda D 

Reichert
1,2

.  (1) Department of Chemistry, Iowa State University, Ames, Iowa 50011, United States  (2) Division of Chemical and Biological Sciences, 
Catalysis Program, US DOE Ames Laboratory, Ames, Iowa 50011, United States 

Semiconductor-metal heterostructures are capable of harvesting solar energy, converting it to potential energy via charge-separation, and subsequently 
to chemical energy. These hybrid materials become redox-active upon illumination and remain active after several-hours of dark-storage. We present 
highly reproducible routes for making colloidal CdS1-xSex nanorods and their metal hybrids. Strong emphasis is placed on molecular-level control of 
semiconductor nanorod composition and morphology, as well as on site-selective metal photo-deposition. Molecular precursor reactivity and lamp 
irradiance profile play a critical role in controlling relative spatial configuration among a heterostructure components. Tuning spatial composition in such 
heterostructures will allow engineering and directing energy flows at the nanoscale. The resulting visible-active semiconductor-metal hybrids are 
photocatalysts for sunlight-driven conversion of biomass-relevant substrates into value-added chemicals and fuels. Ongoing efforts at enhancing 
photocatalyst performance by immobilization inside mesoporous silica with controlled polarity environments are also described. 

INOR 480 

New polymers and molecules for organic electronics 

Fred Wudl, wudl@chem.ucsb.edu, Jian Fan, Mingfeng Wang, Alireza Mohebbi, Jonathan Yuen
1
.  (1) Department of Chemistry and Biochemistry, 

UCSB, Santa Barbara, California 93106, United States 

New small bandgap and n-dopable polymers as well as small electronegative molecules were designed and synthesized. Some of these materials 
exhibit ambipolar mobility in OFETs fabricated with them. Mobilities as high as 1 cm

2
/Vs were observed. An inverter with a gain of 35 was fabricated. 

The synthesis and properties of the new solids will be described, including electronic spectroscopy, electrochemistry and thermal properties. 

INOR 481 

Integrated design of organic materials for flexible electronics 

Zhenan Bao, zbao@stanford.edu.Chemical Engineering, Stanford University, Stanford, CA 94305, United States 

Organic semiconductor materials are interesting alternatives to inorganic semiconductors in applications where low cost, flexible or transparent 
substrates, and large area format is required. Currently they have been incorporated into organic thin-film transistors (OTFT), integrated display driver 
circuits, photovoltaics and radio frequency identification tags. In this talk, I will present recent results on understanding of molecular design rules for 
achieving efficient charge carrier transport and controlled growth of organic semiconductors. 

INOR 482 

Zeta potentials of nanopolyanilines 

Shu-Chuan Huang, ekapahana@hotmail.com.Department of Chemistry, National DongHwa University, Shoufeng, Hualien 974, Taiwan Republic of 
China 

The effect of oxidation state, derivative, copolymerization, and doping acids on the Zeta potentials/IEP's of Nanopolyanilines were investigated. 
Nanopolyaniline was synthesized via rapid mixing, chemical oxidation route. The reduced, leucoemeraldine form was prepared by adding monomer and 
oxidant in aqueous aectic acid solution. The oxidized, pernigraniline form was made by quenching the reaction mixture at early stage. Their oxidation 
states were confirmed using UV-VIS. The emeraldine form has higher IEP (8.8) than that (7.5) of leucoemeraldine or pernigraniline form. Introducing 
alkyl derivative showed little effect on IEP: Poly(o-toluidine), poly(o-ethylaniline), poly(aniline-co-o-toulidine), and poly(aniline-co-o-ethylaniline) all have 
IEP between 8.15-8.65. Nanopolyaniline in carboxylic acids has higher Zeta Potential ( ~ 50 mV) than that (~ 35 mV) of in hydrochloric acid or 
camphorsulfonic acid. 

INOR 483 

Nanostructured organic conductors for chemical sensing: Polyaniline nanofibers and graphene 

Bruce H. Weiller, bruce.h.weiller@aero.org.Space Materials Laboratory, The Aerospace Corporation, Los Angeles, CA 90009, United States 

Nanostructured organic materials hold great promise for chemical sensors and many other advanced applications. We have shown that polyaniline 
nanofibers have greater chemical detection ability compared to conventional polyaniline films. Now we are exploring graphene for this application and 
results using chemically reduced graphite oxide will be presented. Most recently we have been looking at single and few layer graphene made by 
chemical vapor deposition and mechanistic studies of the growth process will be presented. 
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INOR 484 

Nanofabrication for organic bionics 

Gordon G Wallace, gordon_wallace@uow.edu.au.ARC Centre of Excellence for Electromaterials Science, Intelligent Polymer Research Institute, 
University of Wollongong, Wollongong, NSW 2522, Australia 

The use of organic conductors to provide a more effective communications channel between the world of biology and electronics has attracted 
considerable attention recently. 

The fact that electrical stimulation of such conductors provides a conduit for direct electrical communication with living cells as well as enabling 
controlled release of bioactive molecules has enabled effective communication with nerve cells. Nanotopographical cues have been used on such 
platforms to provide directional growth. 

Nanostructured organic conducting polymer platforms have also been used to provide directional growth to muscle cells and a highly effective platform 
for electrical stimulation. 

There is a need therefore to continue to evolve innovative fabrication protocols that enable fabrication of organic conducting polymers with spatial control 
in the nanodomain. 

Here we will review and compare a number of options in this regard. These include electrospinning, dip pen nanolithography and laser patterning. The 
use of each of these to produce structures for use in bionics has been explored. 

INOR 485 

Water binding and water splitting in photosystem II probed by high frequency multinuclear EPR, ENDOR and ELDOR-detected NMR 

Nicholas Cox, Leonid Rapatskiy, Thomas Lohmiller, Wolfgang Lubitz, wolfgang.lubitz@mpi-mail.mpg.de.Max-Planck-Institut fuer Bioanorganische 
Chemie, Muelheim an der Ruhr, Germany 

Light-induced water splitting and oxygen release is performed by a Mn4O5Ca cluster in photosystem II of all organisms performing oxygenic 
photosynthesis. A 1.9Å resolution X-ray structure was recently published (1). We report cw/pulse EPR, ENDOR and ELDOR-detected NMR experiments 
performed on the paramagnetic S0 and S2 states of the cluster and related models (2). Differences between PSII from higher plants and cyanobacteria 
(3) and the effect of Ca

2+
 removal and Ca

2+
/Sr

2+
 exchange (4) are presented. Furthermore, the binding of water is probed using 

2
H2O and H2

17
O samples. 

A robust model for the Mn4O5Ca cluster is obtained with important implications for the enzymatic mechanism (5). 

(1) Y. Umena et al. Nature 2011 , 473, 55 

(2) N. Cox et. al. Inorg. Chem. 2011 , 50, 8238 

(3) J.H. Su et al. BBA 2011, 1807, 829 

(4) N. Cox et al. JACS 2011 , 133, 3635 

(5) W. Ames et al. JACS 2011 , in press 

INOR 486 

DNA and RNA regulation by metallotranscription factors: From zinc fingers to NikR 

Sarah L. J. Michel, smichel@rx.umaryland.edu, Jamie L. J. Michalek, Angelique Besold, Abby West, Edvin Pozharski.Pharmaceutical Sciences, 
University of Maryland School of Pharmacy, Baltimore, MD 21201, United States 

Metallotranscription factors regulate gene expression. In eukaryotes, zinc finger proteins are the most common type of metal regulated transcription 
factor. Zinc coordination to these proteins via cysteine and histidine ligands from modular domains results in protein folding and function. We are 
studying two new families of zinc finger proteins: Cys3His and Cys2His2Cys-type zinc finger proteins. Cys3His zinc fingers regulate mRNA and regulate 
inflammation; whereas, Cys2His2Cys zinc fingers recognize DNA and regulate neuronal development. We will present our latest results that relate metal 
ion coordination, protein folding and mRNA/DNA recognition. In prokaryotes, metallotranscription factors are involved in metal ion homeostasis. We are 
studying the nickel regulatory protein Helicobacter pylori NikR. HpNikR is well folded in the absence of nickel; however, DNA recognition requires Ni(II) 
coordination. Our latest results include identification of novel Ni(II) coordination sites and the discovery that Ni(II) coordination affects protein's global 
protein conformation and DNA recognition properties.  

INOR 487 

Why are yeast manganese superoxide dismutases different? 

Joan S Valentine
1
, jsv@chem.ucla.edu, Yuewei Sheng

1
, Kevin Barnese

1
, Edith B Gralla

1
, Diane E Cabelli

2
.  (1) Department of Chemistry and 

Biochemistry, UCLA, Los Angeles, CA 90095, United States  (2) Chemistry Department, Brookhaven National Laboratory, Upton, NY 11973, United 
States 

Human MnSOD is significantly more product-inhibited than bacterial MnSODs at high concentrations of superoxide (O2
-
). This behavior limits the amount 

of H2O2 produced at high [O2
-
] and is thought to be explained by the role of H2O2 in signalingðsudden bursts of H2O2 could be detrimental. To 

investigate the mechanism of product inhibition in some other eukaryotic MnSODs, two yeast MnSODs, one from Saccharomyces cerevisiae 
mitochondria (ScMnSOD) and the other from Candida albicans cytosol (CaMnSODc), were isolated and characterized. The enzymatic reactivities, 
spectroscopies, and redox chemistries of ScMnSOD and CaMnSODc were found to be very similar to each other but to differ substantially from those of 
previously characterized MnSODs. Possible reason for these differences will be explored. 

INOR 488 

Proton control of mixed function oxidase activity 

Stephen G Sligar
1,2

, s-sligar@uiuc.edu, Ilia Denisov
1
, Michael G Gregory

1
, Abhinav Luthra

1
.  (1) Department of Biochemsitry, University of Illinois, 

Urbana, IL 61801, United States  (2) Department of Chemistry, University of Illinois, Urbana, IL 61801, United States 

The cytochrome oxidases conduct the reduction of atmospheric dioxygen to produce two water molecules using four electrons and four ñchemicalò 
protons. Mixed function oxidases are enzymes that share part of this chemical transformation by using two electrons and two protons to cleave the 
oxygen bond in O2 producing a single water molecule and leaving the second oxygen atom to catalyze insertion into an organic substrate. The 
cytochromes P450, with their heme active center, are classified as monooxygenases due to this activity. A common intermediate in oxidases and 
cytochromes P450 is a high valent ñCompound Iò state, which corresponds to an electron deficient second oxygen atom bound to heme iron, as well as 
the one electron reduced ñperoxoò states. These latter intermediates, either the ñperoxo anionò or ñhydroperoxoò have also been proposed to be active in 
substrate oxygenation. Interestingly, cytochrome P450s can also function as oxidases by reducing the ñCompound Iò state to water with additional redox 
input. Steps in the sequential reduction of heme bound dioxygen are controlled by key proton transfer events. Using a combination of isotope effects and 
a series of spectroscopic techniques, including resonance Raman, EPR, ENDOR and low-temperature optical absorption spectroscopy, we are 
beginning to understand how P450 enzymes control proton transfer to avoid non-productive uncoupling and select the heme-oxygen intermediate state 
needed for substrate metabolism. For these investigations we utilize the human P450 systems involved in drug metabolism and steroid hormone 
biosynthesis that are rendered soluble and functionally active by self-assembly into Nanodiscs. Our research is supported by grants from the NIH 
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GM3375 and GM31756 in collaboration with Northwestern University (Dr. Roman Davydov and Professor Brian Hoffman) and Marquette University (Dr. 
Piotr Mak and Professor James Kincaid). 

INOR 489 

Modeling two- and multi-step hopping transport in proteins 

David N. Beratan, david.beratan@duke.edu.Department of Chemistry, Duke University, Durham, NC 27708, United States 

Hopping transport, familiar in conducting polymers and DNA, plays a significant role too in protein electron transport. Recent studies, motivated by 
experiments of Brian Hoffman and Brian Crane, point to a hopping charge recombination mechanism in the cytochrome c ï cytochrome c peroxidase (c-
ccp) redox couple. In much larger distance regimes, approaching the micron length scale, multi-step hopping in bacterial pili has been implicated as a 
viable mechanism. In the c-ccp system, our studies indicate that protein structure can strongly bias the admixture of hopping charge recombination. In 
modeling bacterial pili, our analysis points to possible redox unit architectures that would be consistent with recently reported current-voltage 
relationships. The results that will be described are drawn from theoretical studies conducted in my group with Alexander Balaeff, Judith Hempel, 
Xiangqian Hu, Nan Jiang, Aleksey Kuznetsov, Nicholas Polizzi, Spiros Skourtis, and Ravindra Venkatramani, in collaboration with our experimental 
colleagues. 

INOR 490 

Flexibility and functionality in metal organic frameworks 

Matthew J Rosseinsky, m.j.rosseinsky@liverpool.ac.uk.Department of Chemistry, University of Liverpool, Liverpool, United Kingdom 

The presentation will describe recent work including the synthesis of open frameworks from biologically-derived (1), (2) and other chemically 
functionalised (3) linkers, evaluation of their performance in molecular separations and study of their guest response combining single crystal diffraction, 
NMR and predictive computational methods. 

(1) Rabone et al Science 2010 

(2) Stylianou et al Chem Comm 2011 

(3) Stylianou et al JACS 2010 

INOR 491 

TAML activators: Mechanisms of action and applications 

Terrence J. Collins, tc1u@andrew.cmu.edu.Department of Chemistry, Carnegie Mellon University, Pittsburgh, PA 15213, United States 

TAML activators are highly functional peroxidase mimics that activate hydrogen peroxide via high valent iron-oxo intermediates to oxidize myriad 
persistent organic pollutants in water. The catalytic cycles are highly complex involving numerous equilibria and intersecting side reactions. As another 
step in understanding the full cycle, a well characterized iron(V)oxo complex has been isolated in pure form and its reactivity has been carefully 
investigated. The results will be discussed. TAML activators have been designed and developed especially with a view to producing more effective 
chemistry for purifying water of trace quantities of persistent bioactive compounds. Real time toxicity studies to discover if TAML activators are toxic at 
trace quantities are a key part of the design program and emerging results will be discussed. New results on the use of TAML activators to break down 
recalcitrant pollutants will be presented. 

INOR 492 

Electrochemical and photoelectrochemical reduction of carbon dioxide 

Clifford P. Kubiak, ckubiak@ucsd.edu.Department of Chemistry & Biochemistry, University of California, San Diego, La Jolla, California 92093-0358, 
United States 

The electrochemical reduction of carbon dioxide to value-added products is of interest due to rising energy prices and the increased level of atmospheric 
greenhouses gasses. Electrocatalytic CO2 reduction allows for the production of energy dense molecules using renewable sources of energy. We have 
been examining the mechanisms and reactivity of several homogenous electrocatalysts in order to understand the requirements for the multi-electron 
reduction of carbon dioxide and how to best optimize catalyst performance. We also study the integration of molecular catalysts with semiconductor 
electrodes so that the fuel forming reactions can be driven with visible light. Here we present our most recent findings in the electrochemical and 
photoelectrochemical reduction of carbon dioxide. 

INOR 493 

Molecular understanding of the science and ecotechnologies of surfaces 

Gabor A. Somorjai, somorjai@berkeley.edu.Department of Chemistry, University of California at Berkeley, Berkeley, CA 94720, United States 

In the last two decades, surface-science experiments and techniques have been developed to focus on obtaining molecular information under reaction 
conditions at high pressures (near or above 1 bar) and liquid interfaces to monitor catalysts and biointerfaces. This presentation will describe the results 
of these studies obtained by surface-sensitive laser spectroscopies, scanning tunneling microscopy, and X-ray spectroscopies usually practiced at a 
synchrotron light source. The use of model surfaces, single crystals and monodisperse nanoparticles with variable size (1-10 nm) and shape facilitates 
meaningful interpretation of the experimental data. These methods allow evaluation of the molecular structures of intermediates, oxidation states of 
metals, and mobility of adsorbates. New techniques that are likely to make major contributions to the investigation of surfaces under reaction conditions 
are also discussed. 

INOR 494 

Hexafluorometallates as weakly coordinating anions 

Konrad Seppelt, seppelt@zedat.fu-berlin.de.Department of Chemistry and Biochemistry, Freie Universitaet, Berlin, Germany 

Hexafluorometallates and their oligomers like Sb2F11(-), Sb3F16(-) are certainly not the weakest coordinating anions. Also they tend to undergo 
unwanted side reactions like hydrolysis or redox reactions. Nevertheless they have been the most successfully used such anions if number and type of 
stabilised cations are considered. Here the cations Xe2(+), Xe4(+), XeCl(+), Cl4(+), AuXe4(++), HgXe(++), C6Hal6(+) (Hal = F,Cl,Br,I), (RSe)4(+), 
(RTe)4(+) and others are discussed 

INOR 495 

Transition metal-mediated functionalization of carboranes 

Zuowei Xie, zxie@cuhk.edu.hk.Chemistry, The Chinese University of Hong Kong, Hong Kong, Hong Kong Special Administrative Region of China 

Carboranes constitute a class of structurally unique molecules with exceptionally thermal and chemical stabilities and the ability to hold various 
substituents. These properties have made them as useful basic units in boron neutron capture therapy agents, in supramolecular design, and in 
organometallic chemistry. On the other hand, they also make the functionalization of carboranes difficult. As a result, only limited methodologies for the 
derivatization of these clusters are known. In this connection, we have initiated a research program to actively explore transition metal-mediated or 
catalyzed cage B-H/C-H activation for the development of new methodologies for assembling complex molecules from simple ones in a single operation. 
In this talk, recent progress in transition metal-mediated three-component [2+2+2] cycloaddition of carboryne (1,2-dehydro-o-carborane), alkene and 
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alkyne or two different alkynes giving a series of new functionalized carborane derivatives will be presented. How to achieve the selectivity among 
different alkenes/alkynes will also be described. 

INOR 496 

Halogenated closo-dodecaborates [B12X12]
2-
 (X = F, Cl, Br, l) 

Carsten Knapp, carsten.knapp@ac.uni-freiburg.de.Institut für Anorganische und Analytische Chemie, Universität Freiburg, Freiburg, Germany 

Perhalogenated closo-dodecaborates [B12X12]
2-
 (X = F, Cl, Br, I) have been shown to be valuable weakly coordinating dianions for the stabilization of 

unusual cations and dications. Recently, improved syntheses for the perhalogenated dodecaborates [B12Cl12]
2-
 and [B12F12]

2-
 have been reported, which 

now make these anions available on a large scale. The first solid diprotic super acid H2B12Cl12, the strong methylating agent Me2B12Cl12, and the radical 
anion [B12X12]

Å-
 are useful reagents utilizing [B12X12]

2-
 anions. Syntheses, reactions, and properties of the perhalogenated closo-dodecaborates 

[B12X12]
2-
 will be discussed. 

INOR 497 

Photoactive, low coordinate and low oxidation state group 15 molecules: From small molecules to polymeric materials 

Paul J Ragogna, pragogna@uwo.ca.Chemistry, The University of Western Ontario, London, Ontario N6A5B7, Canada 

Current research in the field of main group chemistry provides substantial insight into the way molecules are held together (chemical structure and 
bonding), where this greatly assists in the assessment of such compounds as practical materials. Investigations of this type are primarily an academic 
study, however many of the results have translated into substantial economic benefit. Main group elements are playing increasingly prominent roles in 
electronic materials, pharmaceuticals, nanoscience, molecular self assembly, hydrogen storage and catalysis. Pushing the limits of new structure and 
bonding of the p-block elements has been at the forefront in achieving the above goals for approximately the last 15 years. This has extended from 
isolating main group element multiple bonds, identifying new chemistry for low oxidation state/low coordinate atom centres to unprecedented reactivity. 
Our recent work strives to further bridge the gap between these purely fundamental studies to entering the realm of applied chemistry. In this context, we 
have been incorporating thiophene substituents within nitrogen based ligand systems that can be employed in main group chemistry. These small 
molecules can subsequently be converted to side chain functionalized main group polymers that have photoswitchable substituents. 

INOR 498 

Carbenes for the stabilization of unusual phosphorus and boron species 

Guy Bertrand, guy.bertrand@ucr.edu.Chemistry, UC Riverside, Riverside, CA 92521, United States 

We will present recent results, which demonstrate that stable carbenes can activate small inorganic molecules (H2, NH3 and P4), spilt enthalpically strong 
bonds (SiH, P-H, B-H), and stabilize highly reactive intermediates, especially main group elements in the zero oxidation state and paramagnetic species. 
These two tasks were previously exclusive for transition metal complexes. In addition, the catalytic activity of transition metal complexes bearing novel 
types of stable carbenes, namely mesoionic carbenes, will be discussed. 

INOR 499 

Catalysts for the transformation of biomaterials 

Robert H. Grubbs, rhg@caltech.edu.Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, United States 

To convert bio-sources of carbon to more useful organic compounds, new strategies for functional group removal and conversion are needed. A number 
of new reactions are being developed for such transformations that involve the cleavage of C-O bonds and the removal of functionality from highly 
oxygenated molecules. 

INOR 500 

Ni-catalyzed cross coupling of alkyl halides and direct C-H alkylation 

Xile Hu, xile.hu@epfl.ch.Institute of Chemical Sciences and Engineering, Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland 

Non-activated alkyl halides are challenging substrates for cross coupling reactions because they are resistant to oxidative addition and because metal 
alkyl intermediate species are prone to beta-H elimination. Despite of recent progress in this area, the scope and utility of coupling reactions of alkyl 
halides are under-developed. We have prepared well-defined Ni catalysts that catalyze efficiently the coupling of non-activated alkyl halides with alkyl, 
aryl, heteroaryl, and alkynyl Grignard reagents. We have also explored the coupling between alkyl halides and CðH bonds using the same Ni catalysts. 
The mechanism of these Ni-catalyzed reactions is complex, but we have started to unveil a number of interesting mechanistic features. Besides reaction 
development, this talk will focus on some "pure organometallic chemistry" aspects of our work in Ni catalysis. 

INOR 501 

Transition metal catalyzed synthesis of organoboronates and organosilanes from allylic alcohols and alkenes 

Kalman J. Szabo, kalman@organ.su.se.Department of Organic Chemistry, Stockholm University, Stockholm, Sweden 

Organoboronates and organosilanes are useful reagents in selective C-C bond forming reactions. We have developed several procedures for synthesis 
of these reagents from allylic alcohols and alkenes. Allylic alcohols react with diboronates (such as B2pin2) and disilanes (such as (TMS)2) under mild 
and neutral conditions in the presence of palladium. Using highly active cationic palladium-catalysts the reactions can be achieved at rt in a couple of 
hours without applying inert conditions. We have studied two different methods for C-H functionalization of alkenes. In one of these reactions we use 
B2pin2 as boronate source and iridium salts as catalysts. Depending on the reaction conditions and the substrates this procedure leads to formation of 
allyl or vinyl boronates. In another implementation C-H borylation and silylation was performed using palladium catalysis in the presence of strong 
oxidants, such as hypervalent iodines. Mechanistic studies indicate that this reaction proceeds via Pd(IV) intermediates. 

INOR 502 

Use of (ɖ
6
-arene)Cr(CO)3 complexes as substrated in asymmetric catalysis 

Patrick J. Walsh, pwalsh@sas.upenn.edu.Chemistry, UPenn, Philadelphia, PA 19104, United States 

The Cr(CO)3 group is well known to activate arenes in (ɖ
6
-arene)Cr(CO)3 complexes to undergo diverse reactivity. In particular, the benzylic hydrogens 

are acidified such that they can be deprotonated with mild bases (LiHMDS) to generate organolithium intermediates, (ɖ
6
-C6H5CHLi Z)Cr(CO)3 (Z=H, Ph, 

OR, NR2). These in situ generated organolithium species can be used as substrates in palladium catalyzed cross-coupling and allylic substitution 
reactions. The development of their asymmetric versions using high throughput experimentation (HTE) will be the topic of the lecture. 
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INOR 503 

Catalytic strategies for stereoselective C-H functionalization 

Vy M Dong, vdong@chem.utoronto.ca.Department of Chemistry, University of Toronto, Toronto, ON M5S 3H6, Canada 

This lecture will discuss our most recent progress in the area of stereoselective C-H functionalization. In particular, the design, scope, and mechanism of 
catalytic hydroacylation methods, including both intra and intermolecular variants, will be highlighted. Our aim is to achieve atom economical strategies 
for converting simple olefins into valuable motifs, including formal aldol adducts, aromatic ketones, and various heterocycles. 

INOR 504 

Inorganic chemistry of synthetic methods 

John F Hartwig, jhartwig@berkeley.edu.Department of Chemistry, University of California, Berkeley, Berkeley, CA 94720-1460, United States 

In honor of Oleg Ozerov's contributions to the synthesis of novel transition metal complexes, I will present results on the identification and reactivity of 
transition-metal intermediates in catalytic reactions. Studies on the correlations between the structures of these intermediates and reactivity toward C-H 
bond functionalization, novel insertions, and novel couplings will be discussed. 

INOR 505 

Chemical, structural, and biological studies of phenanthriplatin, a monofunctional DNA-damaging agent with anticancer drug potential 

Ga Young Park
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, Dong Wang

2
, Guangyu Zhu

1
, Matthew Kellinger

2
, Timothy Johnstone

1
, Stephen J Lippard

1
, lippard@mit.edu.  (1) Department of 

Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139, United States  (2) Skaggs School of Pharmacy & Pharmaceutical Sciences, 
University of California San Diego, La Jolla, CA 92093, United States 

Approximately half the people treated by chemotherapy for cancer receive a platinum drug. Only testicular cancer patients can expect a complete cure, a 
consequence of the remarkable properties of cisplatin, the prototypical member of the class of platinum anticancer drugs. This presentation will describe 
our work on a cisplatin derivative, phenthriplatin, in which a chloride ion is replaced by phenanthridine. The resulting cationic complex forms 
monofunctional adducts on DNA that block transcription and, in cell-based assays, display a different cancer cell-killing profile from those of the 
established platinum drugs. Mechanistic work, including a crystal structure analysis of phenthriplatin-modified DNA in the active site of RNA polymerase 
II, and the results of animal toxicity and efficacy studies will be presented. This work was funded by the National Cancer Institute. 
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Gold- and gallium-based anticancer drug candidates as potential enzyme inhibitors 
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Metal complexes can act as enzyme inhibitors. Gold complexes have attracted attention as potential alternatives to platinum drugs due to their anti-
proliferative activity in human tumor cells. It has been suggested that the mechanism of action of these compounds involves inhibition of the 
selenoenzyme thioredoxin reductase (TrxR). 

Gallium(III) complexes exert anti-proliferative effects by inhibiting ribonucleotide reductase (RR), a key enzyme in DNA biosynthesis, which is involved in 
the conversion of ribonucleotides into deoxyribonucleotides. 

Gold(I) and gold(III) complexes with thiosemicarbazones (TSC) and bis(thiosemicarbazones) proved to be cytotoxic to human tumor cell lines and 
presented pro-apoptotic potential. The complexes inhibited TrxR's activity, indicating inhibition of TrxR to be part of their mechanism of action. 

Gallium(III) complexes with thiosemicarbazones and hydrazones (HDZ) exhibited cytotoxic activity against human tumor cell lines with apoptosis 
induction. Cytotoxicity could be due to inhibition of RR by both gallium(III) and the thiosemicarbazone or hydrazone ligand.  
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(Thio)pyr(id)one derivatives in anticancer research: From natural products to metal-based drugs 

Wolfgang Kandioller
2
, Muhammad Hanif

2
, Andrea Kurzwernhart

2
, Samuel Meier

2
, Martina Barasits

2
, Bernhard Keppler

2
, Christian G. Hartinger

1,2
, 

c.hartinger@auckland.ac.nz.  (1) School of Chemical Sciences, The University of Auckland, Auckland, New Zealand  (2) Institute of Inorganic Chemistry, 
University of Vienna, Vienna, Austria 

Pyrone scaffolds are often present in natural products and many derivatives therefore exhibit favorable biocompatibility and toxicity profiles. We have 
prepared organometallic hydroxy(thio)pyr(id)one complexes of ruthenium, osmium and rhodium and have evaluated their potential to act as anticancer 
agents. In order to derive structure-activity relationships, biological studies on their tumor-inhibiting properties in in vitro anticancer assays have been 
complemented by bioanalytical experiments on their stability in aqueous solutions and their reactivity to biomolecules. 
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Inhibiting epithelial-to-mesenchymal transition family transcription factors by a Co(III)-DNA conjugate 

Thomas J. Meade, tmeade@northwestern.edu.Chemistry, Molecular Biosciences, Neurobiology, Biomedical Engineering and Radiology, Northwestern 
University, Evanston, IL 60208, United States 

The vast majority of fatalities from breast cancer arise from recurrence and metastasis to distant sites including bone, lung, liver and brain. The zinc 
finger transcription factors Snail and Zeb have been implicated in tumor metastasis through the transcriptional regulation of epithelial-to-mesenchymal 
transitions (EMTs). Therefore, inhibitors of Snail may prevent EMT and the metastasis of epithelial cancers. Our approach to blocking EMT is to 
selectively inhibit Snail -mediated transcriptional repression using a Co(III) Schiff base complex conjugated to a 17 base-pair Snail binding sequence. 
The Co(III)-DNA conjugate, Co(III)-Ebox, inhibits DNA binding by Snail and Zeb by irreversible coordination of the Co(III) metal center to a histidine in 
the zinc finger region. We hypothesize that the selective inhibition of Snail zinc finger transcription factors with a Co(III)-DNA conjugate can prevent 
Snail-mediated transcription and EMT in breast cancer metastasis. 
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From A(-frames) to Z(-schemes): Running the alphabet with hydrogen 

Richard Eisenberg, eisenberg@chem.rochester.edu.Department of Chemistry, University of Rochester, Rochester, NY 14627, United States 

The activation of hydrogen by oxidative addition led in different decades to the synthesis and study of A-frame complexes and parahydrogen induced 
polarization (PHIP). Relevant personal notes related to this chemistry will be discussed. Current research efforts focus on light-to-chemical energy 
conversion, as manifested in Nature's photosynthetic Z-scheme. In artificial photosynthesis, the splitting of water into its constituent elements is the key 
energy storing reaction, with the light-driven generation of hydrogen from aqueous protons and an electron source corresponding to the reductive side of 
water splitting. Systems to accomplish this half reaction possess a photosensitizer (PS), a hydrogen-forming catalyst, a sacrificial electron donor and 
optionally, an electron transfer agent. Recently studied systems having molecular complexes as catalysts and organic dyes as PS are among the most 
actively studied for this reaction. What we have learned from these systems and how that information can be used to design and study new systems that 
are both active and robust will be described. 
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Studies inspired by Kubiak 1.0: Low-coordinate palladium isocyanides in catalysis and substrate activation 
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Joshua S Figueroa, jsfig@ucsd.edu, Liezel A Labios, Julia M. Stauber.Chemistry and Biochemistry, University of California, San Diego, La Jolla, Ca 
92093, United States 

Synthetic, reactivity and mechanistic studies are presented on the chemistry of the palladium complex Pd(CNAr
Dipp2

)2 (Ar
Dipp2

 = 2,6-(2,6-(i-
Pr)2C6H3)2C6H3). This reactive two-coordinate complex represents a unique example of a zero-valent palladium isocyanide monomer and finds analogy 
to well-known PdL2 species supported by encumbering phosphine and N-heterocyclic carbene ligands. Pd(CNAr

Dipp2
)2 reacts with an array of small 

molecule substrates. A highlight includes the activation of nitrosoarenes to generate complexes possessing Pd-bound nitroxide-radical ligands. Synthetic 
studies are presented demonstrating that the extent of N=O bond reduction can be mediated by substituent variation of the nitrosoarene ring. Two-
coordinate Pd(CNAr

Dipp2
)2 is also shown to serve as pre-catalyst for Suzuki-Miyaura cross-coupling reactions. These studies have resulted in the trapping 

of the mono-ligated, Pd(CNAr
Dipp2

), active species under catalytic conditions. 
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H2 and the late transition metals Fe, Co, and Ni 

Jonas C Peters, jonas.peters@gmail.com.Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA 91125, United States 

The inorganic chemistry of hydrogen continues to be a fascinating and critical focal point owing to its central role as a feedstock chemical for reductions 
(e.g., ammonia synthesis) and its potential use as a global fuel source, especially if it can be generated efficiently from sunlight and water. In this lecture 
I will discuss results from our group that pertain to the interactions of H2 with well-defined transition metal complexes that feature Fe, Co, and Ni. These 
results will be placed within the broader context of catalytic reactions for H2 generation, oxidation, and storage on substrates such as CO2. 
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Chemical mechanisms of biological hydrogen 

Fraser Armstrong, fraser.armstrong@chem.ox.ac.uk.Department of Chemistry, University of Oxford, Oxford, United Kingdom 

Hydrogenases, metalloenzymes produced by microorganisms, are extremely active catalysts for the production or oxidation of H2, and there has been 
great interest in establishing how they do this so efficiently - in many cases avoiding inactivation by O2, CO and other small molecule inhibitors. 
Research on hydrogenases has been stimulated by several factors: by the inspiration they offer for future energy technologies; by the role that hydrogen 
may play in supporting pathogens; and by basic intellectual curiosity. The active sites of hydrogenases, which contain Fe, or Fe and Ni, coordinated by 
CO and CN

-
 ligands, must cycle rapidly through reactive intermediates that include metal-dihydrogen and metal-hydrido species. Much of our current 

understanding of hydrogenases has been achieved by application of protein film electrochemistry (PFE), a suite of techniques able to reveal and control 
complex yet crucial reactivities that are often 'invisible' or difficult to unravel. This presentation will describe and discuss some of the most recent 
advances in the field. 
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Catalysis approaches to greener hydrofluorocarbon synthesis 

R. Tom Baker, rbaker@uottawa.ca.Chemistry Division, University of Ottawa, 30 Marie Curie, BSC 512B, Ottawa, Ontario K1N6N5, Canada 

Hydrofluorocarbons possess attractive properties for use as refrigerants, blowing agents, solvents, anesthetics, etc. but are typically prepared from 
chlorocarbon precursors. We are investigating molecular and heterogenous catalysts for both the preparation and further elaboration of 
hydrofluoroalkenes. In this presentation the chemistry of first row metal polyfluorometallacycles will be described with a view to expanding on the nickel 
phosphite complex-catalyzed hydrodimerization of polyfluoroalkenes[1]. The influence of appended Lewis bases and -acids in the metal coordination 
sphere will also be discussed.  

[1] Baker, R. T.; Beatty, R. P.; Farnham, W. B.; Wallace, R. L. Jr. US Patent 5,760,282, 1998. 
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Strongly bent nickel imides supported by a chelating bis(N-heterocyclic carbene) ligand 

Nicole D. Harrold, Gregory L. Hillhouse, g-hillhouse@uchicago.edu.Department of Chemistry, University of Chicago, Chicago, IL 60637, United States 

This talk will describe the synthesis and redox reactivity of unusual bent nickel-arylimido complexes of the type L2Ni=NAr supported by a new chelating 
bis(N-heterocyclic carbene) ligand, including experimental and computational data to describe this atypical binding motif. Shown in the Figure is the 
molecular structure of the terphenyl imido complex (TMTBM)Ni=N(dmp) having a Ni(1)-N(1)-C(25) angle of 127.3(3)° and a Ni(1)-N(1) distance of 
1.732(3) Å.  
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When iron meets nitric oxide: Good chemistry, intriguing biology 

Marcetta Y Darensbourg, marcetta@mail.chem.tamu.edu, Chung-Hung Hsieh, Jennifer L Hess, Scott Brothers, Michael B Hall.Department of 
Chemistry, Texas A&M University, College Station, TX 77843, United States 

The affinity of iron for diatomic molecules, O2, CO, N2, and NO, is central to the most important of life processes, including those of human physiology. 
This report will focus on dinitrosyl iron complexes (DNICs) that serve as biomimetics of products of FeS cluster degradation by excesses of NO. Whether 
there is a physiological function such as NO storage in protein bound forms, or NO transport by low molecular weight (RS)2Fe(NO)2

-
 (RS

-
 = cysteine or 

glutathione) and histidine analogues has yet to be unambiguously established, extensive chemical and biological precedents for such non-heme iron 
nitrosyls is prescient of their potential existence. The electronic ambivalence of the DNIC unit is expressed in the ease with which it interconverts 
between oxidized and reduced forms, {Fe(NO)2}

9
 and {Fe(NO)2}

10
, respectively. The accessory ligands which stabilize one redox level over the other, 

including N-heterocyclic carbenes as histidine mimics, and their properties will be described. 
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Activation of pollutant gases with nickel 

Lucero Gonzalez-Sebastian, Juventino J Garcia, juvent@unam.mx.Facultad de Quimica, Universidad Nacional Autonoma de Mexico, Ciudad 
Universitaria, Mexico City 04510, Mexico 

The reaction of the nickel complex [(dippe)Ni(ɛ-H)]2 (dippe=1,2-bis(diisopropyl-phosphinoethane) with a variety of green house gases such as CO2, 
under mild conditions of temperature and pressure afforded the carbonyl nickel(0) compounds of the type {(dippe)Ni(CO)]2(m-dippe)} and 
(dippe)Ni(CO)(dippe=O)], which were characterized by standard spectroscopic methods and also by single crystal X-ray diffraction. Similarly, the 
reaction of [(dippe)Ni(ɛ-H)]2 with SO2 yields the thiosulfate nickel(II) compound [Ni(dippe)(S2O3)], which was fully characterized by standard 
spectroscopic methods and X-ray crystallography. In both cases, a reduction reaction of CO2 to CO and SO2 to S2O3

2-
 took place and in the case of CO2 

has been further applied to the production of value added organic products. 
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Formation and reactivity of highly electrophilic boron-containing cations derived from azaferrocene-boranes 

Tim J Brunker
1
, tbrunker@towson.edu, BriAnne Bentivegna

1
, Cecille G Gumabon

1
, Arnold L Rheingold

2
.  (1) Department of Chemistry, Towson 

University, Towson, MD 21252, United States  (2) Department of Chemistry, University of California, San Diego, La Jolla, CA 92093, United States 

Electron-deficient boron-containing cations are highly electrophilic species that display valuable reactivity including the direct borylation of 
unfunctionalized arenes. A potential route to 3-coordinate (borenium) or 4-coordinate (boronium) B-containing cations is hydride abstraction from neutral 
Lewis base-borane (L-BH3) adducts in the absence or presence of external Lewis bases. The reactions of two different azaferrocene-boranes (Az-BH3) 
with trityl salts have been investigated. Highly electrophilic [Az-BH2]

+
 species are initially formed that react with weakly coordinating counteranions such 

as BF4
-
, but are stable in the presence of non-coordinating anions such as [B(C6F5)4]

-
. All reaction products have been characterized by 

11
B spectroscopy 

and by comparison to known compounds. In the presence of excess Az a boronium cation, [Az-BH2-Az]
+
 is formed and has been fully characterized, 

including an X-ray crystal structure. A discussion of the potential stabilization of [Az-BH2]
+
 through B-Fe interactions will be presented along with its 

reactivity with unsaturated organic substrates such as dienes. 
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Dicarbonyl{[2-(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal hydrides, halides, and olefin epoxidation catalysts 

Paul J Fischer, fischer@macalester.edu, Laura Avena, Kent C Hackbarth, Michelle C Neary, Kevin P Sullivan.Department of Chemistry, Macalester 
College, Saint Paul, MN 55105, United States 

The application of CpMoO2Cl and related high valent Mo compounds as oxidation catalysts is surprisingly limited since these are very early examples of 
organometallic oxides. The catalytic activity of the cis-MoO2 fragment in oxidation and oxygen transfer reactions is well established. The dicarbonyl{[2-
(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal hydrides (M = Cr, Mo, W) react with haloforms (CHX3, X = Cl, Br, I) resulting in hydrogen-
halogen exchange, affording dicarbonyl{[2-(diphenylphosphino)ethyl]cyclopentadienyl} group VI metal halides. The formulations of the new M'-H (M' = 
Cr, W) and M-X (M = Cr, X = I; M = Mo, X = Cl, Br, I; M = W, X = Br) complexes have been unambiguously confirmed in solution and the solid-state. The 
Mo-X complexes are precursors for olefin epoxidation catalysts for cyclooctene and 1-dodecene with tert-butyl hydrogen peroxide as oxidizing agent. 
The catalyst activities increase as I < Br < Cl. Although these catalysts have not been isolated to date, 

31
P{

1
H} NMR spectroscopy strongly suggests 

oxidation of the initially bound phosphine to a dangling phosphine oxide fragment. 
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Polymerization of L-Lactide with zinc phenoxide complexes supported by tridentate ketoiminates bearing trifluoromethyl substituents 

Nomaan M Rezayee, joseph.fritsch@pepperdine.edu, Joseph M Fritsch.Department of Chemistry, Pepperdine University, Malibu, CA 90263, United 
States 

A series of zinc alkoxide complexes supported by tridentate ketoimines bearing a pendant quinoline donor and CF3 groups on the ketomine backbone 
were employed as L-lactide ring opening polymerization (ROP) catalysts. ROP experiments were prepared in an inert atmosphere glovebox in 
methylene chloride with varying ratios of monomer to zinc catalyst with a total reaction volume of 3 mL. Polymerization was quenched with a 5 % acetic 
acid solution in methanol and polymeric material was isolated by precipitation and filtration. For each experiment, the percent conversion of L-lactide to 
poly-L-lactic acid (PLLA) was determined with 

1
H NMR. Gel permeation chromatography was used to determine the molecular weight and the poly-

dispersity index of the isolated PLLA samples. Variations in the polymerization efficiency for converting monomer to PLLA were observed among the 
catalysts with some reaching 100% conversion in 3 h. As the monomer: initiator ratio increased, PLLA of increasing molecular weight was observed. 
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Thermal chemistry of Cp'W(NO)(CH2CMe3)R complexes [Cp' = (ɖ
5
-C5Me4H), R = CH2CMe3, CH2SiMe3, CH2CH3, CH3] 

Kathryn M Lalonde, klalonde@chem.ubc.ca, Rhett A Baillie, Peter Legzdins.Chemistry, University of British Columbia, Vancouver, British Columbia 
V6T 1Z1, Canada 

Thermolysis of Cp'W(NO)(CH2CMe3)2 (1 ) [Cp' = (ɖ
5
-C5Me4H)] at temperatures ranging from 70 °C to 120 °C results in the loss of neopentane and the 

formation of the 16e alkylidene intermediate complex, Cp'W(NO)(=CHCMe3), (A ). In the presence of aromatic hydrocarbons, 1 effects the a single C-H 
action of the solvent molecule to give 16e complexes of the form Cp'W(NO)(CH2CMe3)(ɖ

1
-aryl). In solutions of aliphatic hydrocarbons 1 effects multiple 

C-H activations to produce 18e complexes of the form Cp'W(NO)(H)(ɖ
3
-allyl), resulting from three successive C-H activations of the hydrocarbon 

substrate and the loss of the second neopentyl ligand. A series of mixed alkyl complexes Cp'W(NO)(CH2CMe3)R [R = CH2SiMe3, CH2CH3, CH3] has 
been synthesized to investigate the effect of changing one alkyl ligand on the C-H activation chemistry. Results of the thermolyses of these mixed alkyl 
complexes in various hydrocarbons will be presented. 
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Cyclometallated Gold (III) complexes with trithiacyclononane ligands 




