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INOR 1 

Personalized energy (for 1 x 6 billion) 

Daniel G Nocera
(1)

, nocera@mit.edu, 77 Massachusetts Avenue, Cambridge MA 02139, United States . 
(1) Department of Chemistry, Massachusetts Institute of Technology, Cambridge MA 02139, United 
States  

The capture and storage of solar energy at the individual level ï personalized solar energy ï drives 
inextricably towards the heart of this energy challenge by addressing the triumvirate of secure, carbon 
neutral and plentiful energy. The doubling of global energy need by mid-century and tripling by 2100 is 
driven by 3 billion low-energy users in the non-legacy world and by 3 billion people yet to inhabit the 
planet over the next half century. The possibility of generating terawatts of carbon-free energy, and thus 
providing society with its most direct path to realizing a low GHG future, may be realized by making solar 
PE available to the 6 billion new energy users by high throughput manufacturing. This talk will present the 
creation of a new catalyst that captures many of the functional elements of photosynthesis and in doing 
so provides a highly manufacturable and inexpensive method to effect a carbon-neutral and sustainable 
method for solar storage ï solar fuels from water-splitting. By developing an inexpensive 24/7 solar 
energy system for the individual, a carbon-neutral energy supply for 1 × 6 billion becomes available. 

INOR 2 

How Strem Chemicals - and the vision of Mike Strem - saved my life 

Judith C Giordan
(1)

, jgiordan@nciia.org, 49 Arnold Road, Pelham MA 01002, United States . (1) No 
Department, VentureWell, NCIIA, Steel City re, Pelham MA 01002, United States  

Mike Strem is a consummate scientist, entrepreneur and visionary. By finding a value-added niche 
market and having the courage of his convictions - and chemical training- the Strem Chemical company 
and its catalogue were born and have become synonymous with innovative materials founded on safe 
manufacturing processes and care and concern for people and the environment-a true triple-bottom-line 
business. And thanks to his vision - my thesis, and potentially my life and those of others were spared! 
Translating research into innovations that serve market needs is the life force of the chemical enterprise, 
and is why Chemistry is a name given not only to a discipline but an entire industry. On a planet requiring 
solutions to global challenges - chemistry remains a key discipline and industry to provide those solutions. 
But finding these solutions requires not only trained chemists - but chemists who can also understand and 
embrace the requirements of the market and the interdisciplinary skills needed to translate that science 
into commercial and marketable innovations. This talk with explore the options existing today to help 
young chemists become the next generation of Mike Strem's - doing honor to chemistry and all who know 
him (them)! 

INOR 3 

Homogeneous catalysis and Mike Strem 

Robert H. Grubbs
(1)

, Rhg@caltech.edu, 1200 california, pasadena c 91125, United States . (1) 
Chemistry and Chemical Engineering, California Institute of Technology, Pasadena CA 91125, United 
States  

Strem Chemical has played a major role in the evolution of organometallic chemistry and homogeneous 
catalysis. Supported catalysis, Tebbe reagent and other complexes have resulted from interactions in the 
past. Best wishes to Mike. 

INOR 4 

Designing materials for high performance applications 

Mark Hampden-Smith
(1)

, mark_hampden-smith@cabot-corp.com, 5401 Venice Ave NE, Albuquerque 
NM 87113, United States . (1) Cabot Superior MicroPowders, Albuquerque NM 87113, United States  

Amongst the most challenging but exciting opportunities in Science and Engineering is identifying 
markets and designing new materials that lead to substantial performance, environmental and economic 
benefits. In this presentation, a number of such challenges will be described and link between 
fundamental science and end user benefits will be illustrated based on Cabot Corporations core 
competencies in particle production, structure, function and performance. 

INOR 5 
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Fun with multiple inorganic functional groups: Nitride insertion into aryl C-H bonds and oxygen 
atom transfer from tungsten(IV) 

John F Berry
(1)

, berry@chem.wisc.edu, 1101 University Ave., Madison WI 53706, United States . (1) 
Chemistry, University of Wisconsin - Madison, Madison WI 53706, United States  

This talk will describe recent work on compounds that contain a combination of two inorganic functional 
groups: metal-metal bonds and metal-ligand multiple bonds. Combination of Ru-Ru and Ru-N multiple 
bonds in a linear Ru-Ru-N structure leads to novel reactivity involving insertion of a nitride N atom into 
aryl C-H bonds. A new W-W=O complex is described, which is able to undergo chemically reversible four-
electron reduction involving oxygen atom transfer to phosphines. 

INOR 6 

Nickel and cobalt catalysts for production of H2 and oxidation of H2: Shoving protons around with 
pendant amines 

R. Morris Bullock
(1)

, morris.bullock@pnl.gov, P.O. Box 999, K2-57, Richland Washington 99352, United 
States ; Jenny Y. Yang

(1)
; John A. S. Roberts

(1)
; Uriah J. Kilgore

(1)
; Eric S. Wiedner

(1)
; Tianbiao Liu

(1)
; 

Daniel L. DuBois
(1)

. (1) Chemical and Materials Sciences Division, Pacific Northwest National Laboratory, 
Richland Washington 99352, United States  

Catalysts that efficiently interconvert between electrical energy and chemical bonds (fuels) are needed for 
a sustainable and flexible energy supply. Reactions that involve transfer of multiple protons and electrons 
are pervasive in energy science, as exemplified by the two-proton, two-electron oxidation of H2 and the 
reverse, production of H2 by reduction of protons. Pendant amines incorporated into diphosphines 
function as proton relays, lowering the barrier for proton mobility and assisting in formation and cleavage 
of the H-H bond. A series of Ni(II) and Co(II) complexes with diphosphine/pendant amine ligands catalyze 
the production of H2, and related Ni(II) catalysts catalyze the oxidation of H2. Mn and Fe complexes with 
diphosphine/pendant amine ligands are also capable of heterolytic cleavage of H2 under some conditions. 

INOR 7 

Hydrogenase active sites: A new paradigm for organometallic chemistry as found in nature 

Marcetta Y Darensbourg
(1)

, marcetta@mail.chem.tamu.edu, 3255 TAMU, College Station Texas 77843, 
United States . (1) Department of Chemistry, Texas A&M University, College Station Texas 77843, United 
States  

Despite reams of elegant chemistry addressing the Co-C bond in vitamin B12, organometallic chemists 
were slow to recognize what had to be in those microorganisms whose livelihood depended on C-C 
coupling reactions or H2 uptake/H2 production processes. However the accumulated evidence from 
structural biology and FT IR spectroscopy that confirmed the presence of endogeneous CO and CN

-
 

ligands bound to the metal(s) in the active sites of nickel-iron hydrogenase, [NiFe]-H2ase, [FeFe]-H2ase, 
and [Fe]-H2ase, has enlisted a community of scientists in attempts to understand the activation or 
production of dihydrogen in base metal molecular catalysts. Our efforts to reproduce the compositional 
and redox level features of the [FeFe]-H2ase active sites have produced new organometallic structural 
and reactivity motifs that will be described. To be presented are observations of the control of ñrotatedò, 
dithiolato-bridged diiron complexes by the concurrence of the sterically bulky and non-innocent ligands, 
the 1,3-bis(2,4,6-trimethylpphenyl)imidazol-2-ylidene and NO, respectively. 

INOR 8 

Acidities and metal-hydrogen bond dissociation energies of (ɖ
5
-C5R5)M(CO)2H (M= Fe, Ru, Os) (R = 

H, Me) 

Jack R Norton
(1)

, jrn11@columbia.edu, 3000 Broadway MC 3102, 240 Havemeyer Hall, New York NY 
10027, United States ; Deven P Estes

(1)
; Aaron K Vannucci

(2)
; Ariel Hall

(2)
; Dennis L Lichtenberger

(2)
. (1) 

Department of Chemistry, Columbia University, New York NY 10027, United States (2) Department of 
Chemistry, The University of Arizona, Tucson AZ 85721, United States  

Several different pKa values for the complex (h
5
-C5H5)Fe(CO)2H in acetonitrile are present in the 

literature, ranging over seven orders of magnitude. As a result the energy of its FeïH bond is also in 
dispute, making it difficult to predict the reactivity of this complex. The pKa of [CpFe-H] has been 
remeasured, the pKa values of analogous group 8 hydrides have been determined, and the energies of 
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their MïH bonds have been established. Group trends, ligand effects, and the implications of these 
results for the stabilities of hydride complexes will be discussed. 

INOR 9 

Design and development of boron-substituted metal-ligand bifunctional catalysts 

Timothy B. Clark
(1)

, clark@chem.wwu.edu, 516 High St., Bellingham WA 98225, United States ; Ian P. 
Query

(1)
; Phillip A. Squier

(1)
; Lillian V. A. Hale

(1)
. (1) Department of Chemistry, Western Washington 

University, Bellingham WA 98225, United States  

Metal-catalyzed borylation reactions have received significant attention over the past several decades 
due to the versatility of the CïB bond in organic synthesis. New methods to incorporate boron 
substituents into organic frameworks have been used to access complex synthetic targets. The 
development of new borylation catalysts that utilize metalïligand bifunctionality have been explored. 
Boron-substituted analogues of the Shvo catalyst [2,5-Ph2-3,4-Tol2(ɖ

5
-C4COH)Ru(CO)2H] have been 

synthesized and examined for their reactivity toward unsaturated substrates. The design of catalysts that 
utilize alternative metalïligand bifunctional scaffolds to incorporate boron into organic substrates will also 
be described. For example, diamines have been used in place of 4,4'-di-tert-butylbipyridine for the iridium-
catalyzed CïH borylation of arenes. The acidic NïH bond is believed to be responsible for the highly 
selective ortho CïH borylation of benzylic amines, which results via hydrogen bonding between the amine 
substrate and the acidic ligand-based NïH bond. 

INOR 10 

Hydrogenolysis of palladium(II) hydroxide and alkoxide complexes 

Karen I. Goldberg
(1)

, goldberg@chem.washington.edu, Box 351700, Seattle WA 981895-1700, United 
States ; Gregory R. Fulmer

(1)
. (1) Department of Chemistry, University of Washington, Seattle WA 98105-

1700, United States  

The addition of hydrogen across a MïOR bond to generate a MïH species and ROH has been proposed 
as a reaction step in a number of catalytic cycles. However, there are few examples of this reactivity in 
model systems and information about the mechanism of this type of reaction is limited. Several 
palladium(II) pincer complexes bearing hydroxide or alkoxide ligands have been synthesized and 
characterized. The reactivity of these complexes with hydrogen will be presented and the mechanisms of 
the hydrogenolysis reactions discussed. The identity of the R group (R = H, Me, CH2CF3, CH2CHF2, 
CH2CH2F, OCH2C(CH3)3, Ph) influences the reactivity as does the choice of pincer ligand (PCP, PCO). 

INOR 11 

Synthesis and structure of cationic, two-coordinate, gold -́complexes 

Ross A Widenhoefer
(1)

, rwidenho@chem.duke.edu, French Family Science Center, Durham North 
Carolina 27708, United States ; Timothy J. Brown

(1)
; Atsushi Sugie

(1)
; Rachel E. McKinney Brooner

(1)
; 

Marina G. Dickens
(1)

. (1) Department of Chemistry, Duke University, Durham North Carolina 27708, 
United States  

Treatment of a suspension of (IPr)AuCl [IPr = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidine] and 
AgSbF6 (1:1) with isobutylene at room temperature for 20 min led to isolation of [(IPr)Au(ˊ-H2C=CMe2)]

+ 

 SbF6
ï
 in 98% yield, which was characterized by spectroscopy and X-ray crystallography. Employing 

similar procedures, a number of cationic gold ˊ-alkene, ˊ-alkyne, and ˊ-allene complexes containing 
either the IPr ligand or the sterically hindered phosphine ligand P(t-Bu)2o-biphenyl were isolated and 
characterized in solution and, in a number of cases, by X-ray crystallography.   

  

INOR 12 

Future energy materials: Transparent conductors and super conductors 
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Peter P. Edwards
(1)

, peter.edwards@chem.ox.ac.uk, Inorganic Chemistry Laboratory, South Parks Road, 
Oxford Oxford OX1 3QR, United Kingdom . (1) Department of Chemistry, University of Oxford, Oxford 
Oxford OX1 3QR, United Kingdom  

Bob Cava has made seminal contributions to our understanding of how elements of the Periodic Table 
combine to give new inorganic materials exhibiting an extraordinary variety of electronic and magnetic 
properties. His innovative approach is critical for next-generation, high performance energy conversion 
and storage materials. I review two areas where Bob's contributions have been pivotal: transparent 
conducting oxides, and high-temperature superconductivity.   High temperature superconductivity still 
represents one of THE greatest challenges in science, and technology . For as we approach the 
centenary of the discovery of this spectacular natural phenomenon in 1911 , we see the remarkable 
announcement of the world's largest order for superconducting wire (Nature, 467, 757, 2010) operating at 
liquid nitrogen temperatures   This celebratory meeting is the ideal venue to set out a challenge for young 
Cava, and us all..."Can we dream of / predict / synthesise a new superconducting material which 
superconducts up to, or above room temperature?"   As H G von Schneering has noted..."The peasant 
who wants to harvest in his lifetime cannot wait for the ab-initio theory of weather." 

INOR 13 

Deductive approach to chemistry and its implications for materials synthesis planning 

Martin Jansen
(1)

, m.jansen@fkf.mpg.de, Heisenbergstrasse 1, Stuttgart Baden-Württemberg 70569, 
Germany . (1) Max Planck Institute for Solid State Research, Stuttgart 70569, Germany  

Representing the multitude of all known and still unknown chemical compounds on an energy landscape 
is pointing the way to a deductive treatment of chemistry, quite in contrast to the inductive approach 
historically followed in this discipline. At the hypothetic conditions of T = 0 K, and the zero-point vibrations 
suppressed, for each imaginable configuration the energy can be calculated. The resulting continuous 
(hyper)surface of potential energy is directly related to the configuration space, and each minimum of the 
landscape is corresponding to a stable configuration, and vice versa. Admitting finite temperature and 
pressure, i. e. realistic conditions, all unstable configurations will decay, while the (meta)stable ones 
constitute locally ergodic minimum regions, corresponding to a respective macroscopic thermodynamic 
state.   Such physically realistic energy landscapes, exhibiting numerous ergodic regions, offer a firm 
foundation for dealing with virtually all aspects of chemistry, on a rational basis. Since the sufficient and 
necessary precondition for any chemical configuration to exist is that it belongs to a minimum region, 
without any exception all manifestations of chemical matter are covered.   In our approach to purposeful 
solid state and materials synthesis, we computationally search the respective energy landscapes for 
(meta)stable compounds and explore the barrier structures around the relevant local minima. The wealth 
of the candidates predicted appears to indicate an extreme (unrealistic?) complexity of chemical matter. 
However, applying appropriate experimental tools has enabled to realize parts of the tree graphs of the 
Lithium halides and of elusive Na3N, including almost all of its predicted polymorphs, many years after the 
predictions were published.  M. Jansen:  A Concept for Synthesis Planning in Solid-State Chemistry 
Angew. Chem. Int. Ed. 41 (2002) 3746 ï 3766   M. Jansen, K. Doll, J. C. Schön: Addressing chemical 
diversity by employing the energy landscape concept  Acta Cryst. A66 (2010) 518 ï 534 

INOR 14 

Three stories around the third element 

Roald Hoffmann
(1)

, rh34@cornell.edu, Baker Lab, Cornell University, Ithaca NY, United States ; Eva 
Zurek

(1)
; Ji Feng

(1)
; Neil Ashcroft

(1)
. (1) Cornell University, United States  

The first story is that of the electronic structure of alkali metal ammonia solutions and solids. The 
concentrated solutions are metallic, and so is the solid, an expanded metal, that forms from them. Only at 
90K. The second and third stories are situated in the strange world of high pressure; they are of the new 
compounds that (so far only in calculations) form under extreme conditions. At high pressure the Li/H 
system shows several new compounds other than LiH, including metallic LiH2 and LiH6, featuring both 
hydridic hydrogens and/or population of the H2 ůu* orbital. And Li and Be, which are reluctant even to mix 
at ambient conditions, at high pressures form at least four stoichiometric phases, Li3Be, LiBe, LiBe2, and 
LiBe4. One of these, LiBe, is structurally three-dimensional, yet electronically two-dimensional. 

INOR 15 

Organic zeolite-like hydrogen-bonded framework constructed from Archimedean principles 
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Michael D Ward
(1)

, mdw3@nyu.edu, 100 Washington Square East, Room 1001, New York New York 
10003, United States ; Yuzhou Liu

(1)
; Chunhua Hu

(1)
. (1) Department of Chemistry, New York University, 

New York New York 10003, United States  

The delicate forces that govern molecular organization in the solid state often frustrate attempts at de 
novo design of molecular crystals, and the prediction of crystal structure remains one of the foremost 
challenges in solid-state chemistry. Strategies that overcome this obstacle promise new materials with 
properties that can be manipulated through the versatility of organic synthesis. Low-density metal-organic 
frameworks (MOFs) and zeolite-like metal organic frameworks (ZMOFs), assembled through metal-based 
nodes and organic linkers, have proven particularly potent in this regard as they have expanded the utility 
of microporous solids. Using a design strategy based on molecular symmetry, metric matching and 
complementary hydrogen bonding, we have synthesized a zeolite-like hydrogen-bonded framework 
(ZHBF) through the self-assembly of two chemically distinct molecular tiles into hollow truncated 
octahedra, each held together by 72 hydrogen bonds and enclosing a volume of 2200 Å

3
. These 

truncated octahedra assemble into a body-centered cubic microporous framework that mimics the 
sodalite topology of zeolite A. The peculiar characteristics of the molecular tiles precludes folding into 
other convex polyhedra, demonstrating that the realization of a particular solid-state architecture is often 
best achieved by frustration of all other possibilities. The ZHBF exhibits an extraordinary structural 
persistence as it encapsulates a wide range of molecular species, including transition metal complexes 
that thread through the framework as well as ñship-in-a-bottleò molecular clusters, confined within the 
truncated octahedra, which do not exist otherwise. The ZHBF is stable up to 160

 o
C as well, reflecting an 

unusual thermal stability for an organic hydrogen-bonded framework. The ZHBF suggests a new class of 
materials with properties that can be manipulated readily through modification of its organic components 
and encapsulation of functional guest molecules. 

INOR 16 

Carbon dioxide capture in metal-organic frameworks 

Jeffrey R Long
(1)(2)

, jrlong@berkeley.edu, 211 Lewis Hall, Berkeley CA 94720-1460, United States ; Zoey 
R Herm

(1)(2)
; Kenji Sumida

(1)(2)
; Zoey R Herm

(1)(2)
; Thomas McDonald

(1)(2)
; Hye Jin Choi

(1)(2)
; Leslie J 

Murray
(1)

; Deanna M D[apos]Alessandro
(1)

; Aude Demessence
(1)

; Maw Lin Foo
(1)

. (1) Department of 
Chemistry, University of California, Berkeley, Berkeley CA 94720-1460, United States (2) Materials 
Sciences Division, Lawrence Berkeley National Laboratory, Berkeley CA 94720-1460, United States  

Efforts to utilize metal-organic frameworks, a new class of materials exhibiting high surface areas, tunable 
pore dimensions, and tailorable surface functionality, for CO2 capture will be presented. Open metal 
coordination sites on the framework surface can deliver a high CO2 loading capacity at low pressures. 
However, additional criteria, such as water stability and the selective binding of CO2 over N2, must also be 
considered. Towards that end, we have targeted air- and water-stable frameworks bearing surfaces 
coated with alkylamine groups. Use of 1,3,5-benzenetristriazolate as a bridging ligand has led to sodalite-
type frameworks of the type M3[(M4Cl)3(BTTri)8]2, possessing open M

2+
 coordination sites and exhibiting 

good chemical and thermal stability. Attachment of ethylenediamine to the M
2+

 sites within this structure 
can generate a material that selectively binds CO2 over N2. In addition, the application of frameworks with 
redox-active transition metal sites for the capture of O2 from air will be discussed. 

INOR 17 

Structure-property relations in superprotonic solid acid electrolytes 

Sossina M Haile
(1)

, smhaile@caltech.edu, 1200 California Blvd, Pasadena CA 91125, United States ; 
Calum R.I. Chisholm

(1)
. (1) California Institute of Technology, Pasadena CA 91125, United States  

Superprotonic solid acid electrolytes, materials with chemical and physical properties intermediate 
between conventional acids (e.g., H3PO4) and conventional salts (e.g., Cs3PO4) have emerged as 
attractive candidates for fuel cell and other electrochemical applications. Key characteristics of these 
materials are tetrahedral oxyanion groups linked by hydrogen bonds, and a polymorphic structural 
transition to a disordered state at moderate temperatures. Rapid oxyanion reorientation and dynamic 
disorder of the hydrogen bond network facilitate high proton conductivity in the high temperature phase. 
Materials exhibiting a superprotonic transition include CsHSO4, Cs3H(SeO4)2, CsH2PO4, and 
Cs2(HSO4)(H2PO4). In this work we review the crystal chemical features common to superprotonic solid 
acid electrolytes and present a model of the configurational entropy that may serve as the driving force for 
the transition. 



6 

 

INOR 18 

Kinetics of olefin polymerization using multi-response data which includes fitting of molecular 
weight distributions (MWDs) 

Mahdi M Abu-Omar
(1)

, mabuomar@purdue.edu, 560 Oval Drive, West Lafayette Indiana 47907, United 
States ; Jeffrey Switzer

(2)
; Erin Smith

(1)
; Silei Xiong

(2)
; Mary Jones

(1)
; Keith Steelman

(1)
; Grisha 

Medvedev
(2)

; Nicholas Delgass
(2)

; Kendall Thomson
(2)

; James Caruther
(2)

. (1) Chemistry, Purdue 
University, West Lafayette Indiana 47907, United States (2) Chemical Engineering, Purdue IN 47907, 
United States  

In order to develop a thorough understanding of single-site olefin polymerization catalysis, we have 
developed a quantitative kinetic modeling framework. This allows us to determine microkinetic 
mechanisms and associated rate constants from experimental data such as monomer consumption, 
molecular weight distributions (MWDs), polymer end group analyses, and active-site counting. This 
methodology was applied to the batch polymerization of 1-hexene by rac-C2H4(1-Ind)2ZrMe2 activated 
with B(C6F5)3, one of the most studied single-site systems to date, and led to the discovery of a previously 
unrecognized catalytic event that renders 43% of the catalyst inactive. The methodology is also being 
applied to other single-site systems, particularly those non-Cp Zr catalysts with tetradentate salan-type 
ancillary ligands. These ligands provide a wide variation in chemical and structural diversity. Studies of 1-
hexene polymerization by a couple of these catalysts revealed two key features: the presence of 
misinserted monomers, which render a significant portion of the catalyst dormant; and a catalytic event 
that renders some fraction of the catalyst permanently inactive. It is noteworthy that these findings would 
not have been possible had it not been for a data set that included the MWDs at various times during the 

course of the reaction.        <ins 
datetime="2010-10-19T16:02" cite="mailto:MAO"><ins datetime="2010-10-19T16:20" cite="mailto:MAO"> 

INOR 19 

Pulling the weight: Liquid amine-borane fuels for vehicular hydrogen storage 

R. Tom Baker
(1)

, rbaker@uottawa.ca, 10 Marie Curie, Ottawa Ontario K1N 6N5, Canada . (1) 
Department of Chemistry and Centre for Catalysis Research and Innovation, University of Ottawa, Ottawa 
Ontario K1N 6N5, Canada  

With both protic N-H and hydridic B-H bonds and 3 hydrogen atoms per main group element, ammonia-
borane (AB, H3NBH3) is a promising material for hydrogen storage applications. Selected metal 
complexes have been shown to be effective catalysts for dehydrogenation of AB and substituted amine-
boranes to afford oligomeric aminoborane (RHNBH2)n and iminoborane (RNBH)n products (R = H, alkyl). 
Mechanistic studies have identified the importance of aminoborane coordination in determining selectivity 
and extent of AB dehydrogenation. While AB has the highest storage capacity, preference for a 'drop-in' 
fuel has led to development of amine-borane fuel blends. For R = sec-Bu, for example, the amine-borane 
and its dehydrogenation products are liquids at operating temperatures and readily dissolve AB and its 
dehydrogenation products. Investigations using metal catalysts and ionic liquids (ILs; with L. Sneddon, 
Penn) show that selectivity can be controlled by the coordinating power of the IL anion. 

INOR 20 

Heterogeneous ligand-nanoparticle distributions: A major obstacle to scientific understanding 
and commercial translation 

Mark Banaszak Holl
(1)

, mbanasza@umich.edu, 930 N. University Ave, Ann Arbor MI 48109, United 
States ; Douglas Mullen

(1)
; Mallory van Dongen

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

Ann Arbor MI 48109, United States  
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When ligands are conjugated to nanoparticles, a broad distribution of ligand/particle ratios is obtained. 
Many techniques typically used to characterize these products are insensitive to the different ratios and 
only provide the average number of ligands present per nanoparticle. We now present a quantitative 
analysis of the distribution for ligands bound to PAMAM dendrimers including the mean, mode, median, 
and concentration of all ligand/particle ratios present. 

   The distribution has been separated and 
dendrimer samples containing a single ligand/dendrimer ratio have been isolated on the milligram scale. 
This approach allows the isolation of dendrimers with a controlled degree of multivalency. 

INOR 21 

Homogeneous catalytic approaches to reductive coupling of carbon monoxide 

John Bercaw
(1)

, bercaw@caltech.edu, 127-72, Pasadena CA 91125, United States . (1) Chemistry, 
California Institute of Technology, Pasadena CA 91125, United States  

Recent progress in homogeneous reduction of carbon monoxide using metal hydrides generated from 
dihydrogen will be described. Lewis acid metal sites appended to phosphine co-ligands promote hydride 
additions to carbonyl and carbene complexes and encourage the resulting alkyls to migrate to additional 
carbonyls. The goal is the catalytic formation of products having more than one carbon. 

INOR 22 

Chemistry of bis(imido)uranium(IV), (V) and (VI) complexes 

James M. Boncella
(1)

, boncella@lanl.gov, P. O. Box 1663, MS J514, Los Alamos New Mexico 87545, 
United States ; Robert E. Jilek

(1)
; Liam P. Spencer

(1)
; Brian L. Scott

(1)
; Enrique R. Batista

(2)
. (1) Materials 

Physics and Applications Division, Los Alamos National Laboratory, Los Alamos New Mexico 87545, 
United States (2) Theory Division, Los Alamos National Laboratory, Los Alamos New Mexico 87545, 
United States  

With our discovery of the imido analogues of the uranyl ion, (RN=)2UX2L2, we have embarked upon a 
research program designed to explore and develop the chemistry of this family of compounds. We have 
now discovered synthetic routes to bis(imido)U(V) complexes and have evidence and reaction chemistry 
consistent with the generation of very reactive U(IV) bis(imido) species (which are soluble analogues of 
UO2).  These compounds posses a rich reaction chemistry including neutral ligand displacement, 
nucleophilic displacement of the halide ligands, reactions involving the imido groups and redox chemistry 
involving the U(V)-U(VI) couple. This talk will focus on the unusual reaction chemistry that we have 
uncovered as well as on the electronic structure of the complexes. The prospects for further development 
of chemistry of these compounds will also be discussed. 

INOR 23 

Electrophilic pincer-ligated rhodium and iridium complexes 

Maurice Brookhart
(1)

, mbrookhart@unc.edu, CB# 3290, Chapel Hill NC 27599-3290, United States ; 
Wesley Bernskoetter

(1)
; Michael Findlater

(1)
; Cynthia Schauer

(1)
; Marc D. Walter

(2)
. (1) Department of 

Chemistry, University of North Carolina, Chapel Hill, Chapel Hill NC 27599-3290, United States (2) Institut 
für Anorganische und Analytische Chemie, Technische Universität Braunschweig, Braunschweig 38106, 
Germany  

The synthesis and structures of electrophilic late metal complexes and their use in a variety of 
stoichiometric and catalytic reactions has been a focus of our research group. In this presentation we 
report our latest results in this area using pincer-ligated Rh and Ir complexes. The talk will cover the 
synthesis, characterization, structures and dynamics of cationic alkyl hydride and alkane complexes and 
the role these species play in proton-catalyzed oxidative addition of dihydrogen to sixteen-electron d

8
 

metal alkyl complexes. Also discussed will be the unusual energetics of migratory insertion reactions of 
cationic five-coordinate Rh(III) and Ir(III) olefin hydride complexes. 
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INOR 24 

Recyclable reducing agents for the coupling of photochemical CO2 reduction and water splitting 

Barry K Carpenter
(1)

, carpenterb1@cardiff.ac.uk, Main Building, Park Place, Cardiff Gwent CF10 3AT, 
United Kingdom ; Robert D Richardson

(1)
; Edward J. Holland

(1)
. (1) School of Chemistry, Cardiff 

University, Cardiff CF10 3AT, United Kingdom  

A well recognized challenge for the photochemical reduction of CO2 is to remove its current dependence 
on sacrificial reducing agents. Ideally, the hydrogens for the reduction would come from photochemical 
water splitting, but direct coupling of these two photochemical reactions is extremely challenging. In this 
paper, an alternative strategy is presented. It relies on the design of reducing agents for the CO2 
reduction which can be regenerated from their oxidation products by hydrogenation. This strategy has a 
number of potential advantages, including the ability to conduct the CO2 reduction and the water splitting 
under mutually incompatible conditions. 

INOR 25 

Dinitrogen cleavage with carbon monoxide and silanes 

Paul J Chirik
(1)

, pchirik@princeton.edu, 292 Frick Laboratory, Princeton NJ 08544, United States . (1) 
Chemistry, Princeton University, Princeton NJ 08544, United States  

Addition of carbon monoxide or silanes to zirconium or hafnium compounds with strongly activated 
dinitrogen ligands results in cleavage of the N-N bond with N-C or N-Si bond formation, respectively. My 
presentation will focus on the scope of these reactions, the mechanisms by which they operate and their 
utility in preparing nitrogen-containing organic molecules directly from atmospheric nitrogen. 

INOR 26 

The Peter (Wolczanski) principle: Applications to computational organometallic chemistry 

Thomas R. Cundari
(1)

, t@unt.edu, Box 305070, Denton TX 76201, United States . (1) Chemistry, 
CASCaM, University of North Texas, Denton TX 76201, United States  

Significant advances have been made in computational inorganic and organometallic chemistry over the 
past two decades. Many of the historical gaps between computational biological and organic chemistry in 
comparison to computational inorganic and organometallic chemistry have narrowed substantially. In 
large part, this progress is due to tremendous progress in computer hardware and algorithms. Perhaps 
more subtly, an important ingredient in the advance has been that computational and experimental 
chemists have begun to work together in more synergistic fashions, integrating theory and experiment, 
often with experiment in the lead, but more increasingly with theory in the lead ï identifying important lead 
compounds, addressing mechanistic questions that cannot be deconvoluted via experiment, and 
generating simple, yet powerful, structure-property relationships to guide next-generation experiments. 
This contribution will focus on our recent theory-experiment research to identify novel catalysts for 
hydrocarbon functionalization. 

INOR 27 

Resolving real-time single molecule interactions using carbon nanotube sensors 

Yongki Choi
(1)

, yongkic@uci.edu, 4129 Frederick Reines Hall, Irvine CA 92697, United States ; Issa S. 
Moody

(2)
; Israel Perez

(3)
; Tatyana Sheps

(3)
; Gregory A. Weiss

(2)(4)
; Philip G. Collins

(1)(3)
. (1) Institute for 

Surface and Interface Science, University of California at Irvine, Irvine CA 92697, United States (2) 
Department of Molecular Biology and Biochemistry, University of California at Irvine, Irvine CA 92602, 
United States (3) Department of Physics and Astronomy, University of California at Irvine, Irvine CA 
92602, United States (4) Department of Chemistry, University of California at Irvine, Irvine CA 92602, 
United States  

Lysozyme digests bacterial cell walls as a critical enzyme of innate immune system. The mechanistic 
details for its processivity and dynamics remain incompletely understood. Here, we monitor the dynamic 
activity of a single lysozyme molecule interacting with its environment. Real-time monitoring is 
accomplished electronically using a single-walled carbon nanotube (SWNT) sensor circuit. This type of 
circuit has single molecule sensitivity, and, in our work, can detect the activity of lysozyme molecules 
noncovalently attached to the SWNT sidewall via pyrene linkers. Stochastically distributed, discrete jumps 
in circuit conductance result from the addition of the peptidoglycan substrate for lysozyme, directly 
indicating lysozyme-substrate binding events. Furthermore, the magnitude and repetition rate of these 
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events varies with pH changes and the addition of inhibitors or denaturation agents. Joint time-frequency 
analysis is used to interpret changes in the conductance signal in terms of lysozyme's internal hinge 
motion, binding events, and enzymatic processing. 

INOR 28 

Dynamic properties of water molecules in biomimicking nanosystems 

Guangchao Zuo
(1)

, zuoguangchao@nuaa.edu.cn, P.O. Box 325 No.29 YuDao Street, Nanjing Jiangsu 
210016, China ; Wanlin Guo

(1)
. (1) Institute of Nano Science, Nanjing University of Aeronautics and 

Astronautics, Nanjing Jiangsu 210016, China  

Water molecules are essential to life. Using molecular dynamic simulations, we study the dynamic 
properties of water molecules inside nanosystems for practical bionic design and application. As in the 
aquaporins, asymmetrically distributed charges can reduce the local barriers for water transport, but 
cannot generate robust unidirectional water flow in a carbon nanotube. The energetic analysis suggests 
that the water-water interaction, determined by dipole orientation configuration, influences the dynamic 
mechanism significantly. We also give insights into the important role of moving water molecules in 
biological ion channels. 

INOR 29 

Isothermal titration calorimetry: A technique for probing the binding interactions of 
nanomaterials, SWNTs and rigid ruthenium complexes 

Jeffrey R Alston
(1)

, jeff.uncc@gmail.com, 9201 University City Blvd, Charlotte NC, United States ; Jordan 
C Poler

(1)
. (1) Chemistry, University of North Carolina at Charlotte, United States  

The future of nanoscale science will involve the integration, or assembly, of nanoparticles into bulk 
nanomaterials and devices. To fully realize the directed assembly of nanoparticles into higher-order 
materials it will be necessary to quantify the binding interactions of nanoparticles with other interesting 
materials such as SWNTs. Structural information of nanomaterials can be obtained through techniques 
such as neutron, x-ray and light scattering, AFM-STM microscopy or electron microscopy. Alternatively, 
calorimetric techniques can provide thermodynamic information on nanoparticle interactions. Using 
isothermal titration calorimetry (ITC) this study explores the interactions of SWNTs and rigid ruthenium 
coordination complexes. Our ruthenium complexes are molecules representative of a special class of 
rigid nanoscale ˊ-pocket binding complexes that will play major roles as binding and intercalation agents. 
These complexes can guide assembly and contribute functionality to an assembled nanomaterial system. 
The ITC data that will be presented shows the binding affinity (Ka), enthalpy (dH), and stoichiometry (n) of 
three different ruthenium complexes and SWNTs. Our preliminary studies show values on the order of 10

6
 

(Ka) and -500 kJ/mol (dH). The adaptation of ITC to a technique used to acquire these constants for 
nanoscale materials will be described and the constants will be compared to similar systems. This will 
elucidate the thermodynamics involved in the spontaneous binding and controllable aggregation observed 
within dispersions of SWNTs and these complexes. These data also suggest a novel technique through 
which we can evaluate and quantify the relative surface coverage of nanoparticles in solution. 

INOR 30 

Nanoscale effects on heterojunction electron gases in core/shell nanowires 

Bryan M. Wong
(1)

, bmwong@sandia.gov, P.O. Box 969, MS 9403, Livermore CA 94551, United States ; 
Francois Leonard

(2)
. (1) Materials Chemistry Department, Sandia National Laboratories, Livermore CA 

94551, United States (2) Materials Physics Department, Sandia National Laboratories, Livermore CA 
94551, United States  

The unique properties of semiconducting heterostructure nanowires hold great promise for their 
incorporation in next-generation transistors, circuits, and nanoscale devices. The reduction in 
dimensionality produced by confining electrons in these heterostructure nanowires results in a dramatic 
change in their electronic structure, leading to novel properties such as ballistic transport and 
conductance quantization. One area of particular interest is in the formation of heterojunction electron 
gases in III-nitride core/shell nanowires which may provide a route towards quasi-one-dimensional 
electron gases.  In order to tailor these nanostructures with the desired physical properties, we must first 
understand their electronic properties as a function of size and material composition. To this end, we 
developed a self-consistent Poisson-Schrodinger approach to calculate the properties of heterojunction 
electron gases in polar and non-polar AlGaN/GaN core-shell nanowires. We find that the nanoscale size 
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of these wires leads to the appearance of quasi-one-dimensional electron gases at the corners of the 
hexagonal and triangular cross-sections, in contrast to what would be expected from analogy with bulk 
heterojunctions. Our results allow a guided understanding of low-dimensional electron gas formation in 
freestanding semiconductor heterostructure nanowires.     

  

INOR 31 

Core/shell structures and the transition to nanomaterial doping 

Edward E Foos
(1)

, edward.foos@nrl.navy.mil, 4555 Overlook Ave., SW, Washington DC 20375, United 
States ; Thomas J Zega

(1)
; Evan R Glaser

(1)
; Rhonda M Stroud

(1)
; Joseph G Tischler

(1)
; Janice E 

Boercker
(1)

; Alexander L Efros
(1)

; Steven C Erwin
(1)

. (1) Naval Research Laboratory, United States  

Inorganic nanomaterials provide an opportunity to study the inclusion of controlled dopant impurities 
under synthetic conditions very different from those used to produce traditional semiconductor materials. 
The lower temperatures employed during nanocrystal synthesis coupled with the presence of organic 
ligands leads to a different set of challenges that must be addressed to achieve controlled impurity 
doping. Recent theoretical and experimental progress has shown that the semiconductor structure can 
strongly influence the binding interactions of potential dopant atoms during nanomaterial formation. This 
has led to the isolation of doped nanomaterial in several chalcogenide-based systems, but complete 
understanding of the doping process remains elusive. A material system which has received relatively 
little attention in this area is PbSe, where controlled doping would impact both photovoltaic and 
thermoelectric applications. Towards this goal, the synthesis of nanocrystalline PbSe in the presence of 
molecular Mn sources has been examined using a two-step temperature profile to control the reactivity of 
the metal. In syntheses where the ratio of Pb to Mn precursors is 10:1, core/shell structures are formed 
exhibiting a disordered interface between the inner and outer regions of the material. When this ratio is 
increased to 50:1, nanocrystals are isolated that are structurally and spectroscopically consistent with 
PbSe, yet still exhibit evidence of Mn-Mn interactions in electron paramagnetic resonance (EPR) 
measurements. The synthesis and structural characterization by high-resolution TEM of nanomaterials in 
this intermediate region between core/shell and doped will be presented and correlated with their 
absorbance and photoluminescence spectra. 

INOR 32 

1D metallic nanoparticles: Synthesis, growth mechanism, functionalization, and applications 

Simona E. Hunyadi Murph
(1)

, Simona.Murph@srnl.doe.gov, Savannah River Site, 735-11A, room 125, 
Aiken SC 29808, United States . (1) National and Homeland Security Directorate, Savannah River 
National Laboratory, Aiken SC 29808, United States  

One dimensional nanomaterials, such as nanowires, nanorods, and nanotubes, are receiving 
considerable attention due to their unique optical and electronic properties. This presentation highlights 
work from its authors' laboratories on the synthesis, growth mechanism, physical properties, reactivity, 
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and applications of one-dimensional silver, gold and platinum nanoparticles.   Silver nanowires, up to 20 
um long and 30 nm in diameter, were produced by a seedless, surfactantless approach. Electron 
microscopy studies and computer simulations suggest that silver nanowires with twinned crystallographic 
structures form through a coarsening process via an oriented attachment mechanism. An overview of this 
synthesis procedure and growth mechanism will be presented in detail.  Silver nanowires were further 
used as templates for creation of complex and ordered nanomaterials with tailored and tunable structural, 
optical and surface properties. This consists of core-shell, nano-peapods, patchy, and hollow 
nanocomposites that are used in chemical sensing applications, including surface enhanced Raman 
spectroscopy and surface enhanced fluorescence, as well as fuel cells applications. Materials are 
characterized by electron microscopy (SEM, TEM, HRTEM), energy dispersive X-ray analysis (EDX), UV-
visible spectroscopy, inductively coupled plasma atomic emission spectroscopy (ICP-AES), scanning 
tunneling microscopy (STM), and atomic force microscope (AFM). 

INOR 33 

Electrochemically selective biofunctionalization of In2O3 nanowires with the aid of an air-stable 
surface modifier 

Rui Zhang
(1)

, ruizhang@usc.edu, 840 W. 36th Place/Downey Way, Laird J. Stabler Labs, 3rd Floor, Los 
Angeles California 90089, United States . (1) Department of Chemistry, University of Southern California, 
Los Angeles California 90089, United States  

A strategy for the electrochemically selective biofunctionalization of In2O3 nanowires (NWs) is reported 
here. An electroactive monolayer of 4-(2,5-dimethylphenyl)-butyl phosphonic acid (DMP-PA) was 
generated on the surface of indium-tin oxide (ITO) coated glass and In2O3 NWs. The chemical steps 
required for the selective surface derivatization was first optimized on ITO prior to modifying the In2O3 
NWs. By applying a potential at +950 mV to ITO surface, the chemically inert DMP head group can be 
oxidized to benzoquinone (BQ). A thiolated molecule, 3-mercaptopropanol, was immobilized onto the 
regions where BQ-PA has been generated, and the results were examined by cyclic voltammetry. In the 
case of In2O3 NWs, a thiol-terminated DNA was attached to the BQ-PA monolayer and then paired with 
its complementary strand tagged with a fluorescent dye. The selective immobilization of DNA on In2O3 
NWs was confirmed by fluorescence microscopy. The DMP-PA molecule was also compared to its analog 
with hydroquinone (HQ) head group, which has been widely used in the selective functionalization of NW 
sensors. The result proved that DMP-PA can serve as a better OFF state due to its stability in air. 

INOR 34 

Axially anisotropic CdSxSe1-x nanorods: Fabrication and controlled metal photo-deposition 

Javier Vela
(1)(2)

, vela@iastate.edu, 2101E Hach Hall, Ames Iowa 50011, United States ; Purnima 
Ruberu

(1)(2)
; Mussie Alemseghed

(1)(2)
. (1) Department of Chemistry, Iowa State University, Ames Iowa 

50011, United States (2) US DOE Ames Laboratory, Ames Iowa 50011, United States  

One-dimensional semiconductor and semiconductor-metal nanorods are capable of harvesting solar-
energy, converting it to potential-energy via charge-separation and subsequently to chemical-energy. 
They become redox-active upon illumination and remain active after several-hour dark-storage (Costi et 
al. NanoLett. 2008, 8, 637). We have found reproducible and controllable routes for making colloidal 
CdS1-xSex nanorods and their metal hybrids. The nanorods are axially anisotropic, containing a thick-
CdSe-rich head and a slim-CdS-rich tail. We observe a strong dependence between the site-selectivity of 
metal-photo-deposition and the irradiance profile used. The irradiance profile controls whether photo-
initiated reduction occurs via homogeneous or heterogeneous-nucleation, leading to free-solution-
particles vs. nanorod-surface-bound particles, respectively. The irradiance profile also controls whether 
metal-photodeposition occurs at the CdSe-rich head or CdS-rich tail of the nanorods. Our new routes use 
standard solution-phase organometallic-precursors and widely-available fluorescent-lamps, opening new 
avenues for greater synthetic control and larger throughput of these materials for their fundamental study 
and application. 

INOR 35 

Synthesis of metal nanoparticles and subsequent decoration of carbon nanotubes and graphene 
oxide via sonochemistry 

Nicholas McNamara
(1)

, mcnamand@notes.udayton.edu, 300 College Park, Dayton OH 45469, United 
States ; K. A. Shiral Fernando

(2)
; Barbara Harruff

(2)
; Marcus Smith

(2)
; Elena Guliants

(2)
; Christopher E 



12 

 

Bunker
(3)

. (1) Chemical Engineering, University of Dayton, Dayton OH 45469, United States (2) 
Nanochemistry and Nanoengineering, University of Dayton Research institute, Dayton OH 45469, United 
States (3) Propulsion Directorate, Air Force Research Laboratory, Wright-Patterson Air Force Base OH 
45469, United States  

Allotropes of nano-scale carbon such as carbon nanotubes and graphene sheets are the focus of much 
research due to their unique properties. These properties can be altered and tuned by decorating the 
carbon nanostructure with different functional groups or metals. Single walled-carbon nanotubes (SWNT) 
and graphene oxide (GO) were decorated with a variety of metal nanoparticles including silver, gold and 
platinum. In decorating SWNT with silver, silver acetate was reduced to silver nanoparticles by N,N-
dimethylformamide (DMF) in the presence of SWNT via sonochemistry. This same reaction was 
performed using more traditional wet chemistry using thermal energy instead of sonochemistry. X-ray 
diffraction (XRD) analysis of these products indicated the presence of face-centered-cubic silver. The 
TEM images showed the sonochemically prepared SWNTs were better coated with smaller (~ 5nm) silver 
nanoparticles than the thermally prepared sample. It is believed that the unique conditions present in 
sonochemistry due to acoustic cavitation play an important role in the synthesis of the metal nanoparticles 
and subsequent decoration of the carbon nanostructures. This reaction was then done in the presence of 
GO instead of the SWNT with comparable results. The results of these reactions will be discussed in 
detail. 

INOR 36 

Dispersion of multiwalled carbon nanotubes with various surfactants in aqueous solution: 
Comparison, quantitative analysis and adsorption mechanism 

Divya Priyadarshani
(1)

, divyap@chem.iitb.ac.in, Divya Priyadarshani, C/O. Prof. A.Q.Contractor, 
Department of Chemistry, Indian Institute of Technology Bombay, Powai, Mumbai Maharashtra 400076, 
India ; Aliasgar Qutub Contractor

(1)
. (1) Department of Chemistry, Indian Institute of Technology Bombay, 

Powai, Mumbai, India, Mumbai Maharashtra 400076, India  

The stability of dispersed carbon nanotubes in aqueous solution is crucial for their utilization in nanoscale 
devices.

1,2,3 
Dispersibility of multi-walled carbon nanotubes (MWCNTs) with Triton X-100 (non-ionic), cetyl 

trimethyl ammonium bromide (cationic) and sodium dodecyl sulfate (anionic) surfactants was 
investigated. Dynamic light scattering, zeta potential and atomic force microscopy (AFM) techniques were 
used to characterize the dispersion of MWCNTs. UV-vis spectroscopy, Raman spectroscopy and thermal 
gravimetric analysis of dispersed MWCNTs revealed that Triton X-100 and sodium dodecyl sulfate show 
maximum and minimum dispersion respectively and it was further confirmed by gravimetric analysis. 
Transmission electron microscopy (TEM) images show that surfactants were wrapped around MWCNTs 
rather than adsorbed perpendicular to the CNT surface.  References:   (1) Hu, L.; Hecht, D. S.; Gruner, G. 
Chem. Rev. 2010, 110, 5790.  (2) Tasis, D.; Tagmatarchis, N.; Bianco, A.; Prato, M. Chem. Rev. 2006, 
106, 1105.  (3) White, B.; Banerjee, S.; O

'
Brien, S.; Turro, N. J.; Herman, I. P. J. Phy. Chem.C. 2007, 111, 

13684. 

INOR 37 

HNO as an oxygen analog: Reactivity with oxygenases 

Patrick J Farmer
(1)

, patrick_farmer@baylor.edu, One Bear Place #97348, Waco TX 76706, United States 
; Murugaeson R, Kumar

(1)
; Elky Almaraz

(1)
; Adrian Zapata

(1)
. (1) Department of Chemsitry & Biochemistry, 

Baylor University, Waco Tx 76706, United States  

We have reported extensively on the stable HNO adduct of deoxymyoglobin, HNO-Mb, generated by 
reduction of nitrosyl myoglobin or by the trapping of free HNO by deoxyMb,

 
as characterized by NMR, 

resonance Raman and X-ray absorption spectroscopies.
 
We have also recently demonstrated that stable 

HNO-adducts of other oxygen-binding globins may be generated by trapping of free HNO or by reduction 
of their corresponding NO adducts.   As HNO is isoelectronic with O2 and is efficiently trapped by O2-
binding proteins, we hypothesize that HNO may inhibit or turnover oxygenases in the absence of O2. 
Evidence will be presented for HNO binding and substrate turnover in a Mn nonheme oxygenase, 
Quercetin Dioxygenase (QDO). Turnover is demonstrated by consumption of quercetin and other related 
substrates under anaerobic conditions in the presence of HNO-releasing compounds and QDO. Unique 
N-containing products (

14
N/

15
N) have been characterized by MS analysis. The putative HNO-Mn

II 
adduct 

is unprecedented, as all previous reported HNO adducts are of low-spin d
6
 metals. Further 

characterization is provided by EPR spectra of the putative HNO-Mn
II 
QDO adduct formed at high pH, 
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which will be compared with that of HNO trapping by Mn
II
 -substituted Mb. We propose that substitution of 

HNO for O2 may allow a unique approach to studying the mechanism of non-heme oxygenases. 

INOR 38 

Cobalt substitution supports an inner-sphere electron transfer mechanism for oxygen reduction in 
PSAO 

Stephen A. Mills
(1)

, smills@sandiego.edu, 5998 Alcala Park, San Diego CA 92110, United States ; 
Doreen E. Brown

(2)
; Kaitlyn Dang

(1)
; Jennifer Nguyen

(1)
; David M. Dooley

(3)
. (1) Department of Chemistry 

and Biochemistry, University of San Diego, San Diego CA 92110, United States (2) Department of 
Chemistry and Biochemistry, Montana State University, Bozeman MT 59717, United States (3) Office of 
the President, University of Rhode Island, Kingston RI 02881, United States  

Copper amine oxidases (CAOs) oxidize primary amines to aldehydes with concomitant reduction of 
dioxygen to hydrogen peroxide using two cofactors: topaquinone (TPQ) and Cu(II). Two mechanisms 
have been proposed for oxygen reduction: an outer-sphere mechanism, where O2 is directly reduced by 
TPQ forming superoxide, which is stabilized by Cu(II); and an inner-sphere mechanism, where TPQ 
reduces Cu(II) to Cu(I) which reduces oxygen to superoxide. Replacement of Cu(II) with Co(II) blocks the 
inner-sphere mechanism, since Co(II) would not be reduced to Co(I) in this environment, and can 
distinguish between the two mechanisms. We replaced Cu(II) in the CAO from pea seedlings (PSAO) with 
Co(II) and evaluated the effect on catalysis. In CoPSAO, kcat is 6% of WT, and KM (O2) is 60-fold higher 
than WT. These results suggest that PSAO prefers the inner-sphere mechanism as previously suggested 
and, together with previous work, provides strong evidence that CAOs use both proposed mechanisms. 

INOR 39 

Synthesis, characterization, and reactivity of dinitrosyl iron complexes stabilized by N-
heterocyclic carbenes 

Jennifer L Hess
(1)

, jhess@mail.chem.tamu.edu, PO Box 300112, College Station TX 77843, United 
States ; Chung-Hung Hsieh

(1)
; Marcetta Y Darensbourg

(1)
. (1) Department of Chemistry, Texas A&M 

University, College Station TX 77843, United States  

Dinitrosyl iron complexes (DNICs) with S, N, or O coordination function as nitric oxide transfer agents in 
biological systems.

1,2
 However, the few model complexes containing N-donor ligands, specifically 

modeling histidine coordination, are extremely air sensitive and difficult to isolate; studies of their 
reactivity are sparce.

3
 We report a series of complexes utilizing N-heterocyclic carbenes (NHCs) as 

mimics of imidazole and histidine ligands. The {Fe(NO)2}
10 

EPR-silent complexes Fe(NO)2(CO)(IMe), 
Fe(NO)2(CO)(Ii-Pr), Fe(NO)2(IMe)2, and Fe(NO)2(Ii-Pr)2 (IMe = 1,3-di(methyl)imidazol-2-ylidene, Ii-Pr = 
1,3-di(isopropyl)imidazol-2-ylidene) were characterized via IR and NMR spectroscopies, cyclic 
voltammetry, and X-ray diffraction. The v(NO) values suggest that NHCs are slightly better donors than 
imidazoles while molecular structures find similar spatial properties. The di-carbene complexes readily 
oxidize in the presence of air or [NO]BF4 to form the {Fe(NO)2}

9
 complexes that serve as NO release 

agents.
4
 Such reactivity is not observed for the reduced [Fe(NO)2(NHC)2]

0
 complexes leading to the 

possibility of NO-releasing therapeutic agents that respond to their electrochemical environment.  1. 
Vanin, A. F. Nitric Oxide 2009, 21, 1-13.  2. Tsai, M.-L., Hsieh, C.-H., Liaw, W.-F. Inorg. Chem. 2007, 46, 
5110-5117.  3. a) Reginato, N., McCrory, C. T. C., Pervitsky, D., Li, L. J. Am. Chem. Soc. 1999, 121, 
10217-10218. b) Li, L. Comments on Inorganic Chemistry 2002, 23, 335-353.  4. Hsieh, C.-H., 
Darensbourg, M. Y. J. Am. Chem. Soc. 2010, 132, 14118-14125. 

INOR 40 

Hybrid P450 biocatalysts for photocatalytic hydroxylation of C-H bond 

Lionel E Cheruzel
(1)

, lcheruzel@science.sjsu.edu, One Washington Square, San Jose CA 95192-0101, 
United States . (1) Chemistry, San Jose State University, San Jose CA 95192-0101, United States  

The specific and selective oxidation of an unactivated C-H bond remains one of the most challenging 
reactions in organic chemistry. The heme-thiolate Cytochrome P450s catalyze the insertion of an oxygen 
atom, derived from dioxygen, into substrate C-H bonds. Interests in these proteins arise from the desire to 
harness their synthetic potential.  We have developed hybrid enzymes constituted of a photosensitizer 
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covalently attached to strategically positioned cysteine residues in close proximity to the heme domain of 

P450 BM3 mutants.     

INOR 41 

Recent insights in the chemistry of nickel in the urease system 

Stefano Ciurli
(1)

, stefano.ciurli@unibo.it, Via Giuseppe Fanin 40, Bologna Bologna 40127, Italy . (1) 
Laboratory of Bioinorganic Chemistry, University of Bologna, Bologna 40167, Italy  

Nickel is both a toxic and an essential element for organisms that rely on the activity of urease for 
survival. Urease depends on the chemistry of Ni(II) to catalyze the last step of organic nitrogen 
mineralization, releasing ammonium ions and bicarbonate and thereby increasing the pH of the 
surrounding medium. In plants, urease has been shown to elicit an entomo-toxic effect due to a 
supposedly intrinsically disordered polypeptide of ca. 100 residues, named jaburetox. The assembly of 
the nickel-containing active site of urease relies on the concomitant action of a series 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. 

INOR 42 

Modeling geometries and infrared spectroscopic properties of iron dinitrosyl iron complexes 
(DNICs): Determining a methodology via functional and basis set 

Scott M Brothers
(1)

, sbrothers@mail.chem.tamu.edu, 1301 Harvey Rd., Apt. 279, College Station TX 
77840, United States ; Marcetta Y Darensbourg

(1)
; Michael B Hall

(1)
. (1) Department of Chemistry, Texas 

A&M University, College Station TX 77840, United States  

The {Fe(NO)2}
x
 (x = 9,10) motif is widely known in the realm of biological chemistry, with a recent growth 

in the breadth of model complexes for both low molecular weight and protein-bound dinitrosyl iron 
complexes (DNICs). Specifically, our group has focused on the synthesis and characterization of DNICs 
containing organic ligands such as carbenes, biologically relevant ligands such as imidazoles, and bi- or 
multimetallic species.

1
   To date, only several computational studies of DNICs have been performed, with 

the majority of these focused on modeling the Mössbauer parameters of synthesized model complexes.
2-4 

We are examining a methodology for accurate computational modeling of the frequencies, geometries, 
and electrochemical parameters of monometallic {(L)2Fe(NO)2}

x
 (x = 9,10) and bimetallic {(L)Fe(NO)2}

9
 (L 

= (NO)FeN2S2, (NO)CoN2S2, and NiN2S2) complexes as the focus. Results from exploration of the effect 
of the basis set size and complexity on the metal and ligand and match of infrared spectroscopic data and 
geometric properties will be presented.  In comparison to the commonly used B3LYP functional, the 
performance of other functionals was investigated in correlation to atom basis set. In one example, the 
traditional BP86 and TPSS functionals performed better with a basis set for the ligands that included 
polarization and diffuse functions (6-311++G(d,p) versus 6-311G).    Selected References:  

1
 Hsieh, C-H.; 

Darensbourg, M.Y. J. Am. Chem. Soc. 2010, 132, 14118-14125.  
2 
Ye, S.; Neese, F. J. Am. Chem. Soc. 
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2010, 132, 3646-3647.  
3
 Hopmann, K.H.; Ghosh, A.; Noodleman, L. Inorg. Chem. 2009, 48, 9155-9165.  

4
 Jaworska, M. Polyhedron 2007, 26, 3247-3254. 

INOR 43 

Conformational populations and dynamics of a fast folding cytochrome captured by electron 
transfer and time-resolved fluorescence energy transfer 

Nicole D Bouley Ford
(1)

, nbouley@caltech.edu, MC 139-74, 1200 E California Blvd, Pasadena CA 
91125, United States ; Harry B Gray

(1)
; Jay R Winkler

(1)
. (1) Department of Chemistry, California Institute 

of Technology, Pasadena CA 91125, United States  

Cytochrome c-b562 belongs to an interesting family of four-helix bundle cytochromes that have nearly 
identical structures yet widely divergent folding pathways, creating a unique opportunity to study the 
relationship between primary sequences and folding in proteins with similar topologies. We characterize 
the dynamics of cytochrome c-b562 through a combination of electron transfer and fluorescence energy 
transfer (FET).   The dynamics of intrachain diffusion in unfolded cytochromes are probed by monitoring 
contact quenching of a photoexcited, covalently-bound [Ru(bpy)2(IA-phen)]

2+
 dye by the heme Fe

III
. Rates 

of electron transfer and recombination following nanosecond laser pulses are measured via the 
luminescence decay of *Ru

II
 and transient absorption of the heme.  We resolve fast folding by coupling 

time-resolved FET with an ultrafast continuous flow mixer. FET occurs between a small, covalently-bound 
dansyl fluorophore and the heme. Fitting the dansyl fluorescence decay following picosecond laser 
excitation provides us with time-dependent dansyl-heme distance distributions during the folding process. 

INOR 44 

Exploring enzymatic diversity in the environment: Discovery and characterization of lignolytic 
enzymes from soil bacteria 

Margaret E Brown
(1)

, margaretbrown@berkeley.edu, 124 Lewis Hall, Berkeley California 94720, United 
States ; Michelle C Chang

(1)(2)
; Mark C Walker

(2)
; Anthony T Iavarone

(1)
. (1) Department of Chemistry, 

University of California-Berkeley, Berkeley California 94720, United States (2) Department of Molecular 
and Cell Biology, University of California-Berkeley, Berkeley California 94720, United States  

The breakdown and utilization of the lignocellulosic fraction of plant biomass is pertinent to the feasibility 
of biofuels.  Without depolymerizing lignin, the highly heterogeneous aromatic polymer found in the plant 
cell wall, cellulose and hemicellulose cannot be accessed for biofuel fermentation nor can the lignin be 
utilized as a carbon source itself. Biological systems, such as certain species of fungi and bacteria, 
provide an alternative approach to lignin depolymerization to the current harsh chemical treatments used 
in industry. Using a combination of de novo genome sequencing and proteomics, we have begun 
characterizing novel heme-containing peroxidases which may play a role in lignin depolymerization of a 
soil bacterium, Amycolatopsis sp. 75vi2. 

INOR 45 

Direct labeling of proteins with radionuclides 

Baikuntha P Aryal
(1)(2)

, baikunthaa@gmail.com, 929 E 57 street, GCIS E507, Chicago IL 60637, United 
States ; Pedro Brugarolas

(1)
; Chuan He

(1)
. (1) Chemistry, The University of Chicago, Chicago IL 60637, 

United States (2) Chemical Science and Engineering, Argonne National Lab, Chicago IL 60637, United 
States  

Radiolabeled biomolecules are routinely used for clinical diagnostics. Technetium-99m (
99m

Tc) and 
188

Re 
are the most commonly used radioactive tracers in radiopharmaceuticals. Currently available methods for 
radiolabeling involve a long and complicated bioconjugation process. We are developing a method for 
direct labeling of proteins with rhenium and technetium radioisotopes. We found a molybdate (MoO4

2-
) 

binding protein from E coli that binds perrhenate (ReO4
-
) with high affinity. Using intrinsic protein 

fluorescence and isothermal titration calorimetry (ITC) measurement, the dissociation constant of wt 
ModA for ReO4

-
 was determined to be 600 nM. The crystal structure of wt ModA with a bound ReO4

-
 was 

solved. Using site directed mutagenesis we were able to increase the affinity (Kd = 110 nM) for 
perrhenate and crystal structure of mutant with bound perrhenate was solved. This mutant can be an 
effective candidate for 

188
ReO4

-
 and pertechnetate (

99m
TcO4

-
) labeling for pharmaceutical applications. 

INOR 46 

Kinetic and mechanistic study of the reaction between tea catechins and cytochrome C 
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Lihua Wang
(1)

, lwang@kettering.edu, 1700 W. University Ave., Flint MI 48504, United States ; Montserrat 
Rabago Smith

(1)
; Angela Maciejewski

(1)
; Esther Taxon

(1)
. (1) Department of Chemistry and Biochemistry, 

Kettering University, Flint MI 48348, United States  

Green tea and its components have been extensively studied for their health benefits including their anti-
cancer activities. Many of the studies have been focused on tea catechins because they are one of the 
major components of green tea and they are strong anti-oxidants.   We have found that tea catechins can 
react with cytochrome c. Cytochrome c is an important protein in the biological electron transport chains. 
In addition, it has been discovered recently that it is also involved in the process of apoptosis. Therefore, 
understanding the interaction of tea components with cytochrome c may be helpful for elucidating the 
mechanisms of the health benefits of green tea. This presentation will discuss the kinetic and mechanistic 
study of the reaction between cytochrome c and various tea catechins. 

INOR 47 

Coordination assemblies based on quinonoid organometallic linkers: Design, structure and useful 
luminescent properties 

Hani Amouri
(1)

, hani.amouri@upmc.fr, 4 Place Jussieu, Paris Paris 75252, France ; Aurelie Damas
(1)

; 
Jamal Moussa

(1)
; Andrea Barbieri

(1)(2)
; Lise Marie Chamoreau

(1)
. (1) Université Pierre et Marie Curie, Paris 

6, Institut Parisien de Chimie Moléculaire UMR CNRS 7201, Paris 4 place jussieu, case 42, 75252 PARIS 
Cedex 5, France (2) Consiglio Nazionale delle Ricerche (CNR), Istituto per la Sintesi Organica e la 
Fotoreattività (ISOF), Paris 4 place jussieu, case 42, 75252 PARIS Cedex 5, France  

A unique class of o- and p-quinonoid and thioquinonoid metal complexes of general formula [Cp*M(ɖ
4
-

C6H4E2)], M = Rh, Ir ; E= O, S has been prepared and used as organometallic linkers "OM-linkers" to 
generate a variety of supramolecular coordination assemblies. Unlike benzoquinones, the related o- and 
p-thiobenzoquinones are reactive intermediates and have never been isolated. Interestingly, Ø-
complexation allowed us to isolate the first family of metal-stabilized thioquinonoid compounds. Extension 
to the analogous selenium OM-linker [Cp*Ir(ɖ

4
-C6H4Se2)] was also achieved, thus overcoming a long-

standing challenge.  In this presentation we report the synthesis of these OM-linkers and their use to 
construct luminescent coordination assemblies with bricks of different geometrical shapes such as 
Pt(terpy)

2+
, Ru(bpy)2

2+
, Ir(ppy)2

+
éetc. Interestingly, the homo- and hetero-binuclear octahedral complexes  

   showed unprecedented visible and near infra-red emission 
properties originated from the excited states of the octahedral chromophores and modulated by the OM-
linkers. 

INOR 48 

Structure and luminescence studies of macrometallocyclic trinuclear group 11 complexes and 
their binary adducts with fluorescent hydrocarbons 

Maher D. Rashdan
(1)

, mahir.alrashdan@mavs.uta.edu, 700 Planetarium Place, 217 Chamistry and 
Physics Building, Arlington TX 76019, United States ; Oussama Elbjeirami

(1)
; Vladimir Nesterov

(2)
; Manal 

A. Rawashdeh-Omary
(1)
. (1) Department of Chemistry and Physics, Texas Womanôs University, Denton 

TX 76204, United States (2) Department of Chemistry, University of North Texas, Denton TX 76201, 
United States  

Donor/acceptor adducts involving a fluorescent organic molecule (e.g., pyrene, naphthalene, and 
perfluoronaphthalene) and trinuclear complexes of d10 metal ions (e.g., Hg(II), Ag(I)and Au(I)or Cu(I)) 
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   , are known to cause sensitized monomer phosphorescence in the solid state 
and quenching of the fluorophore's monomer or excimer fluorescence in solution. The structure and 
luminescence properties of a greater variety of such systems have shown other unexpected trends in 
addition to the above, including quenching of both the metal-based phosphorescence of the metal 
complex and the fluorescence of the fluorophore, polymorph-dependent luminescence, and charge 
transfer emissions. 

INOR 49 

Synthesis and reactivity of low-coordinate manganese clusters with relevence to the oxygen 
evolving center of photosystem II 

Michael J. Zdilla
(1)

, mzdilla@temple.edu, 1901, Philadelphia PA 19122, United States ; Shivaiah 
Vaddypally

(1)
; Clifton R. Hamilton

(1)
; Sandeep Kondaveeti

(1)
; Regina A. Baglia

(1)
. (1) Department of 

Chemistry, Temple University, Philadelphia PA 19122, United States  

The oxygen evolving center (OEC) of photosystem II is a multinuclear Mn4Ca cluster which oxidizes water 
to O2 to provide reducing equivalents for sugar production. The OEC contains 4-coordinate, weak-field 
metal ions. While numerous synthetic 6-coordinate Mn-O clusters exist in the literature, the chemistry of 
low-coordinate Mn clusters remains largely unexplored. In this presentation, our work in low-coordinate 
manganese clusters is showcased, in which bridging imides are used as oxo surrogates. Topics to be 
discussed include protolytic cluster formation, synthesis of a manganese-amide-hydrazide ñpinned 
butterflyò[Mn4(m3-N2Ph2)2(m-N2Ph2 (m-HNPh)2(THF)4], which forms by redox bond-breaking and hydrogen 
atom transfer, and synthesis of a highly-oxidized manganese-imido-nitrido heterocubane cluster with a 
pendant manganese atom [Mn5Li3(ɛ3-N

t
Bu)6(ɛ-N

t
Bu)3(N

t
Bu (ɛ6-N)(N)].   

  

INOR 50 

Structural, electron transfer and spectroscopic properties of mono and di-nuclear Imino-o-
benzoquinonato-ruthenium complexes 

Atanu Kumar Das
(1)

, account.atanu@gmail.com, 800 E. Kirkwood Ave.,, Bloomington Indiana 47405, 
United States ; Biprajit Sarkar

(2)
; Jan Fiedler

(3)
; Stanislav Zalis

(3)
; Wolfgang Kaim

(2)
. (1) Chemistry, Indiana 

University, Bloomington Indiana 47405, United States (2) Chemistry, Institute of Inorganic Chemistry, 
Stuttgart Baden wurtenberg 70569, Germany (3) Chemistry, Institute of Physical Chemistry, Prague 
Prague 18223, Czech Republic  

Four mononuclear ruthenium complexes [(terpy)Ru(Q)Cl]
n+

, [(terpy)Ru(Q)NO2l]
n+

, [(tppz)Ru(Q)Cl]
n+

, 
[(tppz)Ru(Q)NO2]

n+
 and a dinuclear ruthenium complex [Cl(Q)Ru(ɛ-tppz)Ru(Q)Cl]

+
 (where terpy = 

2,2':6,2''-tetrakis(2-pyridyl)pyrazine and tppz = 2,3,5,6-tetrakis(2-pyridyl)pyrazine) have been synthesized 
and crystallographically characterized. In all cases bond distances obtained from single crystal X-ray data 
have been imposed to formulate the valences state distribution in isolated native state. Accessible one-
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electron transfer steps were studied by cyclic voltammetry and by EPR, UV-vis-NIR 
spectroelectrochemistry and finally rationalized via DFT calculations [Figure1]. 

INOR 51 

Multinuclear complexes of first-row transition metals supported by a multidentate 1,3,5-
triarylbenzene framework 

Jacob S Kanady
(1)

, jkanady@caltech.edu, 1200 E California Blvd MC 127-72, Pasadena California 
91106, United States ; Michael W Day

(1)
; Theodor Agapie

(1)
; Emily Y Tsui

(1)
. (1) Department of Chemistry 

and Chemical Engineering, California Institute of Technology, Pasadena California 91106, United States  

A multinucleating framework based upon a 1,3,5-triarylbenzene core decorated with six pyridines and 
three alcohol moieties was synthesized. Metallation with divalent, first-row metal salts in the presence of 
three equivalents of base produces trinuclear complexes of Mn

II
, Fe

II
, Co

II
, Ni

II
, Cu

II
, and Zn

II
. These 

complexes have been studied by 
1
H NMR spectroscopy, cyclic voltammetry, magnetic susceptibility 

measurements, and single crystal X-ray diffraction. A general binding motif was found throughout this 
series: a trinuclear core is linked by three µ2-alkoxide donors, with each metal binding two pendant 
pyridines to generate a structure of pseudo C3 symmetry. The anions completing the metal coordination 
sphere show a variety of binding modes. The trinuclear manganese triacetate complex converts to a 
tetranuclear 4Mn4O cubane upon reaction with permanganate or one equivalent of Mn

II 
under dioxygen. 

Crystallographic studies show that the three alkoxides, three of the pendant pyridines, and three capping 
acetates support the 4Mn4O moiety. 

INOR 52 

Oxidizable complexes of divalent copper? 

Jaime A Flores
(1)

, jaaflore@indiana.edu, 800 Kirkwood Ave, Bloomington IN 47405, United States ; 
Robert J Wolfe

(1)
; Jese G Andino

(1)
; Hyunsoo Park

(2)
; Maren Pink

(2)
; Daniel J Mindiola

(1)
; Kenneth G 

Caulton
(1)

. (1) Department of Chemistry, Indiana University, Bloomington IN 47405, United States (2) 
Molecular Structure Center, Indiana University, Bloomington IN 47405, United States  

The interaction of CuL
i
2 (L

0
 = 2-(2'-pyridyl)-3,5-bistertbutyl-; L

1
 = 2-(2'-pyridyl)-3-trifluoromethyl-5-tertbutyl- 

or L
2
 = 2-(2'-pyridyl)-3,5-bistrifluoromethyl-pyrrolide) complexes with inner and outer sphere oxidants is 

reported. Since these ligands were found to be redox active by different spectroscopic and computational 
studies, one and two electron oxidation processes are studied in order to evaluate the promising 
capabilities of a newly discovered class of redox-active ligands 

INOR 53 

Synthesis and characterization of hetero-trinuclear metal complexes supported by bisglyoximato 
ligands 

Paul Kelley
(1)

, egadsman@caltech.edu, 1200 E California Blvd., Pasadena California 91125, United 
States ; Madalyn R. Radlauer

(1)
; Theodor Agapie

(1)
. (1) Department of Chemistry and Chemical 

Engineering, California Institute of Technology, Pasadena California 91125, United States  

Transition metal bisglyoxime complexes have been used as precursors for the synthesis of trinuclear 
species. Reactions with aluminum alkyl complexes supported by multidentate bisphenoxide ligands allow 
for bridging of the two glyoximato units via O-Al bonds. The coordination chemistry of the nitrogen-bound 
transition metal is affected by the aluminum linkers. Depending on the steric bulk of the aluminum ligands 
the geometry of the central metal varies from trigonal prismatic to pseudo-octahedral. The effect of the 
peripheral phenoxide ligands on the chemistry of the central metal will be discussed. 

INOR 54 

Mechanism of the reaction of alkenes with nickel bis(dithiolenes) 

Michael B Hall
(1)

, mbhall@tamu.edu, 3255 TAMU, College Station TX 77843-3255, United States . (1) 
Department of Chemistry, Texas A&M University, College Station TX 77843-3255, United States  

Nickel dithiolene complexes have been reported as possible catalytic routes to purify alkenes. The neutral 
bis(dithiolene) reacts with an alkene (and not its common impurities) to produce the cis-interligand 
product, which upon reduction releases the alkene. The mechanism is a two-step process because the 
direct concerted reaction coordinate is symmetry forbidden. The introduction of electron-withdrawing 
substituents on the dithiolenes not only significantly lowers the activation energy for the formation of 
trans-product, but also strongly stabilizes the products such that they are favored by the free energy. On 
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1e
-
 reduction, the anion of the previously favored adduct is now strongly disfavored and the system 

releases the alkene and the [Ni(S2C2(CF3)2)2]
-
 anion. More recent experimental work shows that dithiolene 

intraligand addition dominates in the complete absence of the [Ni(S2C2(CF3)2)2]
-
 anion. Thus, the anion 

appears to catalyze the original reaction. Recent density functional theory (DFT) calculations show that 
the relative energies are very dependent on the functional and comparisons with CCSD calculations 
suggest that the BMK and wB97X-D functionals perform best for this system. With the more accurate 
wB97X-D functional a new mechanism has been uncovered that explains the catalytic activity of the 
anion. 

INOR 55 

Strain controlled epitaxial multiferroic BiFeO3 thin film deposited by polymer assisted deposition 

Junyi Zhai
(1)

, jzhai@lanl.gov, Mail Stop: K763, Los Alamos NM 87544, United States ; Yingying Zhang
(1)

; 
Guifu Zou

(1)
; Jie Xiong

(1)
; Li Yan

(1)
; Mujin Zuo

(1)
; Peng Shi

(1)
; Quanxi Jia

(1)
. (1) Center for Integrated 

Nanotechnoledgies, Los Alamos National Laboratory, Los Alamos NM 87544, United States  

Epitaxial multiferroic BiFeO3 thin film has surprised larger polarization than bulk one. A lot of methods 
such as PLD, CVD and sol-gel method have been used to grown BiFeO3 or metal-doped BiFeO3 thin film. 
Here we report a new type of chemical solution technique, polymer assisted deposition (PAD), by which 
ultra-thin epitaxial multiferroic BiFeO3 (10 nm) films could be deposited on BaTiO3, SrTiO3 and LaAlO3 
(001) substrates. High resolution XRD and TEM indicates that the lattice parameters and crystal 
structures of BiFeO3 thin film could be controlled by the lattice mismatch between BiFeO3 and different 
substrates. As a result, the magnetic properties of BiFeO3 thin film could be tuned by the various 
substrates. 

INOR 56 

WITHDRAWN 

INOR 57 

Copper complexes of tridentate pyridine-imine ligands as catalysts of atom transfer radical 
polymerizations 

Sara A. Turner
(1)

, sat1@williams.edu, CGoh Group, 47 Lab Campus Drive, Williamstown MA 01267, 
United States ; Christopher Goh

(1)
, cgoh@williams.edu, 47 Lab Campus Drive, Williamstown MA 01267, 

United States ; Emily Gao
(1)

; Zachary D. Remillard
(1)

; Desire T. Gijima
(1)

; Andre P. Martinez
(1)

. (1) 
Department of Chemistry, Williams College, Williams College MA 01267, United States  

The efficiency of controlling the radical polymerization in metal-mediated atom transfer radical 
polymerizations (ATRP) is strongly dependent on the composition of the catalyst system. We have 
investigated copper(I) complexes of a family of tridentate ligands based on a pyridyl-imine framework with 
a third N or O donor atom as efficient ATRP catalysts. By employing a building block approach to ligand 
synthesis, we generated a collection of closely related examples of this ligand family and complexed them 
to copper. The syntheses and structural characterizations of the product complexes are presented, as are 
correlations between properties of these complexes and their efficiencies in mediating ATRP. 

INOR 58 

Synthesis and characterization of late transition metal ketimides 

Tania V. Darnton
(1)

, tdarnton@gmail.com, Department of Chemistry and Biochemistry, Santa Barbara 
CA 93106-9510, United States ; Richard A. Lewis

(1)
; Guang Wu

(1)
; Trevor W. Hayton

(1)
. (1) Department of 

Chemistry and Biochemistry, University of California, Santa Barbara, Santa Barbara CA 93106, United 
States  

Our laboratory has been exploring the chemistry of high-valent iron complexes supported by the strongly 
electron donating ketimide ligand set (-N=CR2). We are interested in extending the use of this ligand to 
the later transition metals, specifically Ni and Cu, in part to explore the oxidation chemistry of these ions. 
For example, reaction of CuI with 1 or 2 equiv of Li(N=C

t
Bu2) gives [Cu(N=C

t
Bu2)]4 (1) and 

[Li(THF)]2[Cu(N=C
t
Bu2)2]2 (2), respectively, in moderate yields. Both complexes have been characterized 

by NMR spectroscopy, X-ray crystallography, and cyclic voltammetry. In an effort to understand the redox 
chemistry of the ketimide ligand itself we also synthesized a zinc ketimide, namely 
[Li(THF)][Zn2(N=C

t
Bu2)5] (3), by reaction of ZnCl2 with 3 equiv Li(N=C

t
Bu2). Complex 3 has been fully 
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characterized, including analysis by cyclic voltammetry. Our efforts to synthesize other ketimide 
complexes, particularly those involving Ni, will also be discussed. 

INOR 59 

Zinc complexes with ketoiminate ligands bearing pendant donors as lactide ring opening 
polymerization catalysts 

Joseph M Fritsch
(1)

, joseph.fritsch@pepperdine.edu, 24255 Pacific Coast Highway, Malibu CA 90263, 
United States ; Courtney C Roberts

(1)
; Brandon R Barnett

(1)
; Nomaan M Rezayee

(1)
. (1) Department of 

Chemistry, Pepperdine University, Malibu CA 90263, United States  

Tridentate NNO ligands are popular supporting ligands for zinc centers used as lactide ring opening 
polymerization catalysts. We have developed Schiff base ketoimines bearing quinolyl pendant donors 
with electron donating and electron withdrawing groups on the ketoimine backbone. Reaction of the 
ketoimines with a zinc source (diethyl zinc or zinc di-silazide) yielded complexes with tridentate 
coordination by the Schiff base. The complexes were characterized with 

1
H and 

13
C NMR and x-ray 

crystallography. A significant impurity from each synthesis reaction was the formation of a bis-ligand 
complex. To minimize the formation of such complexes, a new Schiff base ketoimine was prepared with a 
bulky group added at the 2-position of the quinoline moiety to prevent dimerization. The zinc complexes 
were assessed for their abilities to act as lactide ring opening polymerization catalysts. The resulting poly-
lactic acid samples were analyzed with gel permeation chromatography with evaporative light scattering 
detection and were compared to poly-styrene standards to determine the molecular weight. 

INOR 60 

Zinc complexes with NNO Schiff base ligands bearing quinolyl pendant donors as lactide ring 
opening polymerization catalysts 

Courtney C Roberts
(1)

, courtney.c.roberts@pepperdine.edu, 24255 Pacific Coast Highway, Malibu CA 
90263, United States ; Joseph M Fritsch

(1)
. (1) Department of Chemistry, Pepperdine University, Malibu 

CA 90263, United States  

Four NNO Schiff base ligands bearing pendant quinolyl donors were used to prepare zinc silazide 
complexes (LZnN(SiMe3)2) from zinc di-silazide (Zn[N(SiMe3)2]2. The complexes were crystallized from 
hexanes, isolated by filtration, and characterized with 

1
H and 

13
C NMR and x-ray crystallography. Crystal 

structures of the zinc silazide complexes showed a four-coordinate zinc center supported by a tridentate 
NNO Schiff base ligand and the silazide moiety. The complexes are water-sensitive and were prepared 
and isolated in an inert atmosphere glovebox or using Schlenk line techniques. One LZnN(SiMe3)2 
complex was reacted with 2,6-di-tert-butyl phenol to give a zinc alkoxide complex, LZnOR, which was 
characterized with 

1
H and 

13
C NMR. Each complex was tested for its efficiency in lactide ring opening 

polymerization to give poly-lactic acid (PLA). PLA samples were analyzed with gel permeation 
chromatography with evaporative light scattering detection and were compared to poly-styrene standards 
to determine chain length and molar mass. 

INOR 61 

Allylnickel(II) and allylpalladium(II) derivatives of [(2-
diphenylphosphino)ethyl)cyclopentadienyl]tricarbonylmetalates: Free radical reactions at allyl 
ligands of heterobimetallic complexes 

Paul J. Fischer
(1)

, fischer@macalester.edu, 1600 Grand Avenue, Saint Paul MN 55105, United States ; 
Michelle C. Neary

(1)
; Kevin P. Sullivan

(1)
. (1) Department of Chemistry, Macalester College, Saint Paul MN 

55105, United States  

Allylnickel(II) and allylpalladium(II) derivatives of [(2-
diphenylphosphino)ethyl)cyclopentadienyl]tricarbonylmetalates, and related group VI-group X complexes 
with cyclohexenyl and 2-methylallyl ligands have been synthesized and fully characterized. Like 
Pd(allyl)(Cl)(PPh3), competitive reactions of the title complexes with phenyl and triphenylmethyl radicals 
afforded by the thermal decomposition of phenylazotriphenylmethane provide 4,4,4-triphenyl-1-butene as 
the sole allyl ligand coupling product. However, while phenyl radical attack at the Pd(II) of 
Pd(allyl)Cl(PPh3) is proposed as the first step in the trityl radical-allyl ligand coupling reaction, direct trityl 
radical attack at the allyl ligands is strongly suggested in the title heterobimetallics on the basis of tracking 
the fate of the phenyl radicals. A modest heterobimetallic effect may render the chromium-group X 



21 

 

complexes more reactive with trityl radical than the tungsten-group X complexes. The possibility of this 
subtle modulation in reactivity will be discussed. 

INOR 62 

Asymmetric hydroamination of aminoallenes catalyzed by titanium and tantalum complexes of 
chiral sulfonamide-alcohols 

Brette M. Chapin
(1)

, Brette_M_Chapin@hmc.edu, 301 Platt Blvd., Claremont CA 91711, United States ; 
Adam R. Johnson

(1)
; Katherine E. Near

(1)
. (1) Department of Chemistry, Harvey Mudd College, Claremont 

CA 91711, United States  

Titanium and tantalum complexes with chiral bidentate aminoalcohol ligands have been used as 
precatalysts for the asymmetric intramolecular hydroamination of aminoallenes. We hypothesized that the 
addition of an electron-withdrawing sulfonyl group would increase the reactivity of the metal complexes 
and thus the stereoselectivity of the reaction. The effects of temperature and the extent of the electron-
withdrawing nature of the ligands on reactivity and stereoselectivity will be presented.  

  

INOR 63 

Catalytic asymmetric hydroamination with tantalum complexes of chiral amino alcohols 

Michelle C Hansen
(1)

, mhansen@hmc.edu, 301 Platt Blvd., Claremont CA 91711, United States ; 
Carolyn A. Heusser

(1)
; Adam R Johnson

(1)
. (1) Department of Chemistry, Harvey Mudd College, 

Claremont CA 91711, United States  

Tantalum, like other early transition metals, is an effective catalyst for asymmetric intramolecular 
hydroamination of aminoallenes. Previously, our group has studied titanium complexes of chiral amino 
alcohols, but these complexes gave low enantioselectivities. Tantalum precursors with the same ligands 
gave the pyrrolidine product in significantly higher enantioselectivity, up to 80 % ee, while retaining high 
conversions. Experimental details and data trends for our new catalysts will be presented.    

  

INOR 64 

Coordination chemistry of new bis(thione) and bis(selone) ligands 

Daniel Rabinovich
(1)

, drabinov@uncc.edu, 9201 University City Boulevard, Charlotte North Carolina 
28223, United States . (1) Department of Chemistry, The University of North Carolina at Charlotte, 
Charlotte North Carolina 28223, United States  

Our interest in the coordination chemistry of new bis(thione) and bis(selone) ligands was prompted by a 
concerted effort to mimic the metal center in methanobactin (mb), a small protein that plays a key role in 
the acquisition of copper ions by certain methane-oxidizing bacteria such as the particulate form of 
methane monooxygenase (pMMO). Thus, several bis(mercaptoimidazolyl)methanes and 
bis(mercaptoimidazolyl)xylenes have been prepared and their coordination chemistry towards both main 
group and transition metals has been explored. More specifically, this presentation will feature the 
synthesis of a series of copper(I), silver(I), cadmium(II), mercury(II), indium(III), lead(II), and bismuth(III) 
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complexes containing bis(thione) and bis(selone) ligands, selected examples of which have been 

structurally characterized.     

INOR 65 

Hybrid frameworks derived from poly(triazolyl)borate and poly(imidazolyl)borate ligands 

Barbara A. Reisner
(1)(2)

, reisneba@jmu.edu, 901 Carrier Dr., MSC 4501, Harrisonburg VA 22807, United 
States ; Jonathan A. Boltersdorf

(1)
; A. Thirumurugan

(2)
; Laure Dupuy

(2)
; Anthony K. Cheetham

(2)
; Paul M. 

Forster
(3)

. (1) Department of Chemistry and Biochemistry, James Madison University, Harrisonburg VA 
22807, United States (2) Department of Materials Science and Metallurgy, University of Cambridge, 
Harrisonburg VA 22807, United States (3) Department of Chemistry, University of Nevada, Las Vegas, 
Las Vegas NV 89154, United States  

In an effort to synthesize new hybrid frameworks, we have been exploring the coordination chemistry of 
the poly(azolyl)borate ligands with alkali metal ions. Two new triazolylborate phases (Li[BH(C2H2N3)3], 
Na[BH(C2H2N3)3]·DMF) and three imidazolylborate phases (Li[BH(eim)3], Li[BH(C3H3N2)3]·HC3H3N2, 
Na[(Hbim)B(bim)3](OCH3)(C2H5CO2CH3); eim = 2-ethylimidazolate, bim = benzimidazolate) have been 
synthesized directly from azole fluxes and molecular solvents. The crystal chemistry and properties of 
these phases will be presented. The apparent role that crystallization conditions play on product 
dimensionality will also be discussed. 

INOR 66 

Nitrite covalently modifies the heme macrocycle of myoglobin: Crystal structure of nitrimyoglobin 

Jun Yi
(1)

, yijun@ou.edu, 101 Stephenson Parkway, Norman OK 73019, United States ; George B Richter-
Addo

(1)
. (1) Department of Chemistry and Biochemistry, University of Oklahoma, Norman OK 73019, 

United States  

Nitrite is now known to interact with mammalian heme proteins such as hemoglobin and myoglobin to 
generate nitric oxide (NO) under hypoxic conditions. The reaction with hemoglobin is one that is under 
active debate, although we have shown previously that nitrite can bind directly to the heme iron in the 
ferric state. The reaction of nitrite with myoglobin is complex, and may proceed via initial direct interaction 
of nitrite with the ferric heme site.  However, nitrite may also covalently modify the heme macrocycle in 
myoglobin to generate a derivative known as nitrimyoglobin. We have successfully prepared and 
structurally characterized, by single-crystal diffraction methods, the nitrimyoglobin complex. The structural 
modifications of the heme macrocycle by nitrite will be presented and discussed. 

INOR 67 

Effects of heme conformation and second-sphere interactions on heme electronic structure: Use 
of EPR spectroscopy as a method to probe heme ruffling 

Mehmet Can
(1)

, mcan@mail.rochester.edu, RC Box 270216, Rochester NY 14627, United States ; Kara 
L. Bren

(1)
; Andersson K. Kristoffer

(2)
; Giorgio Zoppellaro

(2)
. (1) Department of Chemistry, University of 

Rochester, Rochester NY 14623, United States (2) Institute of Molecular Biosciences, University of Oslo, 
Oslo 0371, Norway  
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Nuclear magnetic resonance (NMR) and electron paramagnetic resonance (EPR) spectroscopies were 
used to understand the effects of heme distortion and second-sphere interactions on heme electronic 
structure. We studied a series of mutants from Pseudomonas aeruginosa (Pa) and Hydrogenobacter 
thermophilus (Ht) cytochromes (cyts) c. We found that mutations introduced near the CXXCH motif 
change the heme molecular and electronic structure. In Pa cyt c, mutation of a Phe interacting with the 
CXXCH motif to Ala is known to enhance heme ruffling [Borgia et al.,(2006)J.Biol.Chem. 281,9331-9336]. 
Analysis of ligand field parameters obtained from EPR spectra reveal a clear relationship between heme 
ruffling and the energies of the Fe 3dxy, 3dxz, and 3dyz orbitals. In Ht cyt c, mutations previously shown to 
alter the His-Fe(III) bond strength are demonstrated to also change heme ruffling. NMR and EPR are 
shown to provide valuable information related to heme ruffling in low-spin Fe(III) cytochromes c. 

INOR 68 

Comparing specificity between heme lyase and the cytochrome c maturation system using 
proximal heme pocket mutations 

Jesse G Kleingardner
(1)

, jesse.kleingardner@rochester.edu, 120 Trustee Rd, 120 Hutchison Hall, 
Rochester NY 14627, United States ; Kara L Bren

(1)
. (1) Chemistry, University of Rochester, Rochester 

NY 14627, United States  

Covalent attachment of hemes c to a protein via the CXXCH motif can by catalyzed by multiple biological 
systems. The cytochrome c maturation (ccm) system is a series of proteins having little substrate 
specificity while heme lyase is a single, more specific, enzyme. A series of Hydrogenobacter thermophilus 
cytochrome c mutants were expressed in high yield with CXnCH heme attachment motifs where n=1ï4, 
extending the known flexibility of the ccm system by successful expression of a bacterial cytochrome c 
with a novel CXCH motif. This flexibility of ccm was compared with that of heme lyase by testing 
expression of horse cytochrome c mutants (n=1ï3) with maturation by both ccm and yeast heme lyase. 
Also, two mutants in horse cyt c were found that severely limit maturation by heme lyase but are matured 
by ccm in high yield, identifying potentially important residues for substrate recognition of heme lyase. 
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Unleashing a "killer" peroxidase: Cytochrome c - cardiolipin interactions in apoptosis 

Ekaterina Pletneva
(1)

, ekaterina.pletneva@dartmouth.edu, HB 6128 Burke Laboratory, Hanover NH 
03755, United States . (1) Department of Chemistry, Dartmouth College, Hanover NH 03755, United 
States  

The release of cytochrome c (cyt c) from mitochondria is a key event in initiation of apoptosis. A sluggish 
peroxidase in its native state, when bound to cardiolipin (CL), cyt c catalyzes CL peroxidation, which, in 
turn, contributes to the outer membrane permeation and cyt c release. Similar to folding intermediates, 
the dynamic CL-bound cyt c ensemble is difficult to characterize with traditional structural methods and 
ensemble-averaged probes. Using a collection of site-specific photophysical probes and kinetic methods, 
we are investigating conformational properties of the CL-bound cyt c and effects of physiological 
modulators of cyt c conformations and peroxidase activity. We have designed five fluorescent variants of 
cyt c and examined distributions of distances between a fluorescent donor and the heme by time-resolved 
FRET measurements. The data provides a structural model of the heterogeneous CL-bound cyt c state 
and illustrate the role of conformational dynamics in the protein peroxidase function. 
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Development of a an electrochemical method to predict ferric to ferrous heme binding constants 
in heme proteins 

Brian R. Gibney
(1)

, bgibney@brooklyn.cuny.edu, 540 New Ingersoll, 2900 Bedford Ave, Brooklyn NY 
11210, United States . (1) Department of Chemistry, Brooklyn College, Brooklyn NY 11210, United States  

As coordination compounds, the reduction potentials of heme proteins reflect the relative affinity of the 
protein for heme in both oxidation states. In this presentation we will describe the determination of the 
absolute ferric and ferrous heme affinities in de novo designed and natural heme proteins. These data 
reveal a simple method for using electrochemistry to determine the ferric and ferrous heme binding 
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constant ratio as well as the ȹȹG of protein unfolding.  
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Exploring oxidation state alternatives in a nitrosyliron complex with a strongly electron-accepting 
porphyrin 

Wolfgang Kaim
(1)

, kaim@iac.uni-stuttgart.de, Pfaffenwaldring 55, Stuttgart n/a 70569, Germany ; Juan 
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Chemie, Stuttgart 70550, Germany (2) Universidad de Buenos Aires, Departamento de Quimica 
Inorganica, Buenos Aires C1428EHA, Argentina  

Experimental and computational results for the iron nitrosyl complex of electron-deficient 
2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetrakis(pentafluorophenyl)porphyrin are report with respect to 
electron transfer behavior and electronic structure. The shift of redox potentials by about 0.8 V relative to 
the TPP analogue causes effects which can be rationalized via spectroelectrochemistry assuming a 
partially reduced perhalogenated macrocycle. Relations to heme systems of variable electron transfer 
behavior will be pointed out. 
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Colloidal nanogold as a catalyst for intramolecular heterocyclization under aerobic conditions 

Hidehiro Sakurai
(1)(2)

, hsakurai@ims.ac.jp, 5-1 Higashiyama, Myodaiji, Okazaki Aichi 444-8787, Japan . 
(1) Research Center for Molecular Scale Nanoscience, Institute for Molecular Science, Okazaki 444-
8787, Japan (2) PRESTO, Japan Science and Technology Agency, Okazaki 444-8787, Japan  

Aerobic oxidation reactions have been always at the focus of nanogold chemistry, in contrast to the 
chemistry of cationic gold(I) complexes, where the focus has been on their behavior as a soft Lewis acid 
catalysts. We have demonstrated that gold nanoclusters stabilized by poly(N-vinyl-2-pyrrolidone) 
(Au:PVP) exhibit high catalytic activity for aerobic oxidation reactions, as well as formal Lewis acidic 
reactions intramolecular heterocyclization of gamma-hydroxyalkenes and gamma-aminoalkenes.

 

Combination with the appropriate sacrificial reductant is important for the efficient catalytic reaction. 
Characteristic features of Au:PVP catalyst involve a versatile and easy-to-handle Lewis acid catalyst due 
to its moisture-/air-stability and operation under mild reaction conditions. 
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Palladium-catalyzed oxidative functionalization of alkenes 

Guosheng Liu
(1)

, gliu@mail.sioc.ac.cn, 345 Lingling Road, Shanghai Shanghai 200032, China . (1) State 
Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy 
of Sciences, Shanghai 200032, China  

Reactions that selectively functionalize unactivated alkenes provide a direct route from feedstock 
chemicals to valuable synthetic molecules. An attractive reaction, palladium(II)-catalyzed alkene 
functionalization, has attracted fervent attention, and over the past half century efficient methods for the 
construction of C-O, C-N and C-C bonds have been developed.   In this presentation, two types Pd-
catalyzed oxidative functionalizaiton will be discussed: the first part will focus on Pd-catalyzed allylic CïH 
bond oxidative functionalization with high regioselectivity;

1
 the second part will describe the Pd-catalyzed 
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difunctionalization of double bond, especially on the aminofluorination, in which two different pathways 
were applied to construct C-F bonds.

2 
 Reference 1. (a) Liu, G.; Yin, G.; Wu, L. Angew. Chem. Int. Ed. 

2008, 47, 4733-4736. (b) Wu, L.; Qiu, S.; Liu, G. Org. Lett. 2009, 11, 2707-2710. (c) Yin, G.; Wu, Y.; Liu, 
G. J. Am. Chem. Soc. 2010, 132, 11978-11987.  2. (a) Wu, T.; Yin, G.; Liu, G. J. Am. Chem. Soc. 2009, 
131, 16354-16355. (b) Qiu, S.; Xu, T.; Zhou, J.; Guo, Y.; Liu, G. J. Am. Chem. Soc. 2010, 132, 2856-
2857. 
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Catalytic aerobic oxidative dehydrogenation of C-C bonds 

Shannon S Stahl
(1)

, stahl@chem.wisc.edu, 1101 University Ave., Madison WI 53706, United States . (1) 
Department of Chemistry, University of Wisconsin-Madison, Madison WI 53706, United States  

The development of metal-catalyzed aerobic oxidation reactions over the past decade have led to 
numerous synthetically useful methods for alcohol oxidation and the oxidative functionalization of alkenes 
and CïH bonds. In contrast, methods for aerobic dehydrogenation of carbon-carbon bonds have 
comparatively little precedent. This talk will describe recent advances we have made in the development 
of catalytic methods for the dehydrogenation of C-C bonds that employ O2 as the hydrogen acceptor. 
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Bulky small bite angle bisphosphines in Ru- and Ni-catalyzed olefin polymerization 

Peter Hofmann
(1)

, ph@oci.uni-heidelberg.de, INF 270, Heidelberg Baden-Württemberg, Germany . (1) 
Department of Chemistry and Geosciences, University of Heidelberg, Heidelberg D-69120, Germany  

On the basis of appropriate ligand design concepts from experiment and theory, bulky, electron-rich, 
small bite-angle bisphosphines like 

t
Bu2P-CH2-P

t
Bu2 (dtbpm) and 

t
Bu2P-CH2-CH2-P

t
Bu2 (dtbpe) as well as 

congeners thereof have been utilized to construct catalytic systems for olefin polymerization. The 
syntheses of highly efficient Ru carbene complexes for ROMP

1
 and of organometallic Ni compounds for 

cocatalyst-free ethylene polymerization
2
 will be reported. Mechanistic studies in the gas phase and in 

solution, structural investigations, model chemistry
3
 and computational work will be presented.       (1) 

Volland, M. A. O.; Hansen, S. M.; Rominger, F.; Hofmann, P. Organometallics 2004, 23, 800. (2) Kristen, 
M. O.; Hofmann, P.; Eisenträger, F. WO 0202573 A1 2002 (BASF SE, Germany). (3) Urtel, H.; Meier, C.; 
Rominger, F.; Hofmann, P. Organometallics DOI: 10.1021/om100413m 
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Evolving challenges in catalysis 

Robert T. Hembre
(1)

, rhembre@eastman.com, P.O. Box 1972, Kingsport Tennessee 37662, United 
States . (1) Chemicals Technology, Eastman Chemical Company, Kingsport Tennessee 37662, United 
States  

In its earliest times Tennessee Eastman Company began by producing chemicals from wood. We have 
since developed separate platforms based on natural gas, petroleum and coal. Chemistry and catalysis 
relevant to these platforms will be illustrated. 

INOR 77 

Tandem hydroformylation/hydrogenation of terminal olefins 

Kyoko Nozaki
(1)

, nozaki@chembio.t.u-tokyo.ac.jp, Hongo 7-3-1, Bunkyo-ku Tokyo, Japan . (1) 
Department of Chemistry and Biotechnology, The University of Tokyo, Tokyo 113-8656, Japan  

A dual catalyst system has been developed for tandem hydroformylation/hydrogenation to produce n-
undecanol from 1-decene in one pot. A combination of xantphos/[Rh(acac)(CO)2] and Shvo's catalyst 
afforded the best results (see scheme; acac=acetylacetonate, DMA=N,N-dimethylacetamide). Polar 
solvents effectively suppressed the formation of undecyl formate. 
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Applications of rhodium-catalyzed hydroformylation to the synthesis of pharmaceuticals and 
agrochemicals 

Gregory T. Whiteker
(1)

, whitekgt2@dow.com, 9330 Zionsville Rd., Indianapolis IN 46268, United States . 
(1) Dow AgroSciences, Indianapolis IN 46268, United States  

We describe our ongoing efforts in the use of olefin hydroformylation for the synthesis of pharmaceuticals 
and fine chemicals. Hydroaminomethylation (tandem hydroformylation-reductive amination) allows 
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amines to be directly synthesized from olefins. Use of highly regioselective ligands makes this one-carbon 
homologative coupling reaction especially well-suited for synthesis of complex pharmaceutical targets. 
The synthesis of several pharmaceutically active compounds will be described. A new synthesis of the 
antihistamine Fexofenadine using a regioselective hydroaminomethylation reaction will be described. In 
addition, synthesis of insecticidal, substituted pyridines via a synthetic sequence which employs 
hydroformylation will be presented. 
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Dynamic properties of {2-Phosphino-arenesulfonate}Pd
II
 complexes 

Richard F Jordan
(1)

, rfjordan@uchicago.edu, 5735 S. Ellis Ave., Chicago Illinois 60637, United States ; 
Matthew P Conley

(1)
; Xiaoyuan Zhou

(1)
. (1) Department of Chemistry, University of Chicago, Chicago 
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{2-Phosphino-arenesulfonate}PdR(L) alkyl complexes catalyze the copolymerization of ethylene and polar 
monomers to functionalized linear polyethylenes. DFT predicts that chain growth proceeds by 
unimolecular isomerization of ground state cis-P,R-{PO}PdR(olefin) species to trans-P,R-{PO}PdR(olefin) 
species followed by insertion. We have studied the isomerization mechanisms of several model {PO}Pd

II
 

systems. We investigated the degenerate pyridine exchange in {2-{P(o-OMe-Ph)2}-4-Me-
benzenesulfonate}Pd(py)2

+
 (equivalent to cis/trans isomerization) and the cis/trans isomerization of {2-

P(
i
Pr)2-4-Me-benzenesulfonate}Pd(Cl)P{(O-o-tolyl)3}. Kinetic studies show that both processes occur via 

fluxional 5-coordinate intermediates formed by coordination of py, P(O-o-tolyl)3 or Cl
-
. Unimolecular 

pathways were not detected in these cases. We also studied the isomerization of the alkyl complexes 
trans-P,R-{2-{P(o-OMe-Ph)2}-4-Me-benzenesulfonate}PdMe(2,6-Me2-4-X-py) (X = NMe2, OMe, H, NO2) to 
the cis-P,R isomers. Kinetics, structure activity correlations and solvent effects show that in this case 
isomerization occurs via competing py-catalyzed and unimolecular mechanisms, and that the latter 
involves sulfonate dissociation to produce a configurationally labile 3-coordinate intermediate. 
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Magnetic properties of interstitial nitrides with the ɖ-carbide structure 

Peter D Battle
(1)
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Oxford Oxon OX1 3QR, United Kingdom ; Fernande Grandjean
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. (1) Department of Chemistry, Oxford University, Oxford OX1 3QR, United Kingdom (2) 
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Co2Ge1-xGaxMo3N (0 < x Ò 0.7), Co2-xFexGeMo3N (0 Ò x Ò 2) and Co2-xFexGe0.5Ga0.5Mo3N (0 Ò x Ò 0.8) 
have been synthesized by the reductive nitridation of binary oxides and studied using magnetometry, 
transport measurements, neutron diffraction, Mössbauer spectroscopy and DFT calculations. They adopt 
the cubic ɖ-carbide structure and show a resistivity of ~10

-3
 Ý cm. No long-range magnetic order was 

detected in Co2GeMo3N but antiferromagnetic ordering occurs at 90 K in Co2Ge0.3Ga0.7Mo3N. The 
magnetic structure consists of an antiferromagnetic arrangement of ferromagnetic Co4 groups, with an 
ordered magnetic moment of 0.48(9) µB per cobalt atom. The same magnetic structure is found in 
Co0.5Fe1.5GeMo3N and Co1.2Fe0.8Ge0.5Ga0.5Mo3N. The former orders above room temperature with an 
average moment of 1.08(3) µB per transition-metal site, and the latter at 228 K with an average moment of 
1.17(4) µB per site. Complete replacement of Co by Fe results in ordering at 455 K. 
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Heusler compounds: Novel materials for spintronics and energy applications 

Claudia Felser
(1)

, felser@uni-mainz.de, Staudingerweg 9, Mainz RLP, Germany . (1) Department of 
Chemistry, Johannes Gutenberg University Mainz, Mainz 55099, Germany  

In 1905 Fritz Heusler discovered that the compound Cu2MnAl is ferromagnetic, even though none of its 
elemental constituents are themselves magnetic. This remarkable material and its cousins, a vast 
collection of more than 800 compounds, are now known as Heusler materials. Surprisingly, the properties 
of many of the Heuslers can be forecast simply by counting the number of their valence electrons. For 
example, Co2-Heusler compounds with more than 24 valence electrons are half-metallic ferromagnetics: 
electrons of one spin orientation are semiconducting whereas electrons with the opposite spin orientation 
are metallic. Such compounds display nearly fully spin polarized conduction electrons making them very 
useful for spintronic applications [1]. Another sub-class of more than 250 Heusler compounds are 
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semiconductors. Their band gaps can readily be tuned from zero to ~4 eV by changing their chemical 
composition. These materials have thus attracted attention as potential candidates for both solar cell and 
thermoelectric applications. Indeed, excellent thermoelectric properties have recently been demonstrated. 
Finally, we discuss a third class of Heuslers which have been predicted, on the basis of their calculated 
electronic band structures, to be topological insulators, a new state of matter in which spin-polarized edge 
and surface states are topologically protected from impurity scattering [2,3].   [1] C. Felser, G. H. Fecher, 
and B. Balke, Angew. Chem. 46, 668 (2007).  [2] S. Chadov, X.-L. Qi, J Kübler, G. H. Fecher, C. Felser, 
and S.-C. Zhang, Nature Mat. 9, 541 (2010).   [3] H. Lin, L. A. Wray, Y. Xia, S. Xu, S. Jia, R. J. Cava, A. 
Bansil, and M. Z. Hasan, Nature Materials 9, 546 (2010). 
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Synthesis and characterization of the Zintl phases: Yb14--xLnxMnSb11 (Ln= Eu, Ce, Tm) 

Susan M. Kauzlarich
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, smkauzlarich@ucdavis.edu, One Shields Ave, University of California, Davis CA 
95616, United States . (1) Department of Chemistry, UC Davis, Davis CA 95616, United States  

Yb14MnSb11and Yb14-xLaxMnSb11 (x = 0.4, 0.7) are unique compounds and show good thermoelectric 
properties above 800 K, along with unique magnetic and electronic properties below 300 K. These 
compounds can be considered underscreened Kondo phases with magnetic coupling between the Mn d

5
 

electrons and holes in the 5p Sb band. Introducing other rare earths, such as Eu, Ce, or Tm, provides for 
additional magnetism due to the partial filling of the f orbitals. The synthesis, structure, transport, and 
magnetic properties will be presented and discussed. 
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New metal chalcogenides and their diverse properties 

Mercouri G Kanatzidis
(1)

, m-kanatzidis@northwestern.edu, 2145 Sheridan Rd, Evanston IL, United 
States . (1) Department of Chemistry, Northwestern University, Evanston IL 60208, United States  

The discovery and design of new solid state materials and their crystal growth is of critical importance for 
future scientific and technological growth. We have been developing the chemistry of complex 
chalcogenide materials with semiconducting and optical properties using a variety of synthesis 
approaches including intermediate temperature fluxes and solventothermal techniques. In this 
presentation I will highlight some of our recent results on several thioarsenate, selenoarsenate, 
thiophosphates and selenophosphate materials with new structures and exceptional chemical, 
semiconducting, light emitting and nonlinear optical properties. I will discuss the chemistry, physical 
behavior and processing of materials such as LiAsS2, LiAsSe2, NaAsS2, NaAsSe2, Cs5BiP4Se12, 
[Bi2Te2Br](AlCl4), K4P8Te4 and KZrPS6 which feature unusual property trends and in several cases record 
breaking second harmonic generation efficiency. 

INOR 84 

Ambient-pressure synthesis and characterization of superhard intermetallic and solid-solution 
borides 

Richard B. Kaner
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. (1) Department of 
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Superhard materials (hardness > 40 GPa) play a major role in most manufacturing processes for use as 
tools and wear-resistant surfaces. The shortcomings of traditional superhard materials such as diamond 
(expensive to synthesize) and conventional tool materials such as tungsten carbide (low hardness) in 
industrial applications have recently led to the introduction of a new class of materials, dense transition 
metal borides. We synthesized the transition metal diborides ReB2, OsB2 and RuB2 using arc melting at 
ambient pressure. Under an applied load of 0.49 N, we measured Vickers microindentation hardness 
values of 48.0, 28.1 and 20.6 GPa for these materials, respectively. In an attempt to increase the 
hardness, solid solutions of these compounds were synthesized and we have been able to enhance their 
hardness up to 20%. Other synthesis routes such as hot-pressing, spark plasma sintering and single 
crystal growth have also been used to make these materials. To further increase the hardness and lower 
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the materials costs, we have begun exploring high boron content metal borides. Tungsten tetraboride 
(WB4) was synthesized by arc melting from pure elements and characterized using X-ray diffraction 
(XRD), X-ray spectroscopy (XPS), energy-dispersive X-ray spectroscopy (EDS) and microindentation. 
This material possesses a Vickers microindentation hardness of 43.3 GPa under a load of 0.49 N. Solid 
solutions of this material with Re have resulted in a hardness of ~50 GPa when 1 at.% of W was 
substituted with Re. Although these materials are not as hard as diamond (hardness of 70-110 GPa), 
their relatively simple synthesis at ambient pressure makes them potential candidates for the next 
generation of cutting tool materials. 
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Pair distribution functional studies of functional oxide materials 

Ram Seshadri
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, seshadri@mrl.ucsb.edu, Materials Research Laboratory, Santa Barbara CA 93016, 
United States . (1) Materials, University of California, Santa Barbara CA 93106, United States  

I discuss some recent work from the group on pair distribition function analysis of functional materials. 
The overarching theme here is to establish structure-property correlations in functional inorganic 
materials -- something that Bob Cava continues to lead the way in -- and the argument made is that 
structure-property relations cannot be established, unless structure is carefully established. In many 
functional materials of interest, this is easier said that done. The specific examples used to illustrate the 
work will be a rexamination of the monoclinic to tetragonal phase transition in rutile VO2, the reluctance of 
perovskite BaTiO3 to develop a metallic state upon Nb substitution (in contrast to SrTiO3), and the 
establishment of multiple oxidation states in spinel CuMn2O4. 
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Dual functionality of the cytoplasmic heme binding protein PhuS of P. aeruginosa in heme 
transport and regulation 

Angela Wilks
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(1) Department of Pharmaceutical Sciences, University of Maryland, Baltimore MD 21201, United States  

We have previously shown the cytoplasmic heme binding protein PhuS functions as a chaperone in the 
cytoplasmic delivery of heme to the iron-regulated heme oxygenase (HemO). Recent studies have further 
identified a critical role for the non-coordinating His residues His210 and 212, in addition to the proximal 
His209, in PhuS/HemO complex formation and heme transfer. Combining in vivo genetic studies with in 
vitro data obtained by isothermal titration calorimetry (ITC), surface plasmon resonance, and analytical 
centrifugation we propose a model whereby the His-triad of PhuS functions to drive conformational 
changes required for protein-protein interaction and heme transfer. Furthermore, recent in vivo and in 
vitro data indicates that in addition to acting as a heme chaperone PhuS plays a role in the post-
transcriptional regulation of heme and iron homeostasis through interaction with the recently 
characterized heme regulated small regulatory RNA PrrH, which itself regulates mRNA stability of critical 
iron and heme containing proteins. A role for PhuS in the distribution of heme and regulation of iron and 
heme homeostasis in P. aeruginosa will be presented. 
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Thermodynamic and kinetic aspects of cytoplasmic heme trafficking in Pseudomonas aerugenosa 
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The penultimate step in iron assimilation via heme acquisition by the gram negative bacterium 
Pseudomonas aerugenosa is the binding of heme by its cytoplasmic heme trafficking protein, PhuS. 
PhuS binds heme and transfers it to the O2 dependent metabolizing enzyme heme oxygenase, PaHO. 
This study was undertaken in order to quantify the affinity of PhuS for hemin and to investigate the 
mechanism of hemin transfer from holo-Phus to apo-PaHO. Spectrophotometric and calorimetric data 
reveal that PhuS binds hemin to yield pentacoordinate and hexacoordinate complexes. The holo-PhuS 
complex exhibits thermodynamic stability consistent with a hemin-binding function. Stopped-flow kinetic 
data and resonance Raman spectra of freeze-quenched reaction mixtures reveal a PhuS-PaHO 
association followed by transfer of a pentacoordinate heme from PhuS to PaHO. These results will be 
discussed in the context of possible multiple hemin-binding roles for PhuS. 
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Mechanism of heme capture by the hemophore (HasAp) secreted by Pseudomonas aeruginosa 
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Hemoglobin-heme constitutes an important source of iron because two-thirds of the total iron in mammals 
is heme-bound and approximately 95% of heme is bound to hemoglobin. It is therefore not surprising that 
heme availability to bacteria plays a central role in pathogenesis, and that pathogens have developed 
sophisticated methods to acquire heme-iron. The opportunistic pathogen P. aeruginosa secrete a 
hemophore (HasAp) to capture heme from their host and deliver it to a receptor for subsequent 
internalization. Our laboratories have been involved in elucidating the mechanism of heme loading onto 
HasAp. We will present evidence obtained from NMR spectroscopic, X-ray crystallographic and fast 
spectroscopic methods, which allowed us to infer a detailed mechanism of heme loading onto HasAp. 
The role played by heme axial ligands and by unique structural properties of HasAp in capturing heme 
from solution will be presented, as well as possible implications in the capture of heme from heme-binding 
proteins, as it might occur in vivo. 
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Iron is an essential metal for all forms of life and most bacterial pathogens including mycobacteria must 
import iron from the host to survive. Hence, iron acquisition pathways are essential to mycobacterial 
viability.  Thus far, it is thought that iron uptake in pathogenic mycobacteria is orchestrated by 
siderophores that are capable of removing iron from human transferrin and transporting it into the 
bacterial cytoplasm. However in humans, transferrin iron accounts for less than 1% of the body's total iron 
whereas heme iron can represent greater than 80%. Thus, human heme is potentially an important 
source of iron for pathogenic mycobacteria.  Utilizing an Mtb siderophore-deleted mutant, we have shown 
that Mtb can utilize heme from hemoglobin as an iron source, thus confirming that Mtb can acquire iron 
from heme. We have identified a genomic in Mycobacterium tuberculosis (Mtb), which is responsible for 
an uncharacterized heme uptake system, which is predicted to encode one secreted, soluble protein and 
four membrane proteins. Also, we have identified a cytoslic heme-degrading protein. Thus far, we have 
biochemically and structurally characterized the secreted protein and have shown that it binds heme and 
has a unique three-dimensional fold. Furthermore, we are exploring heme transfer from this secreted 
protein to the soluble domains of the predicted heme transport proteins. Both structural and biochemical 
studies of proteins involved in this novel mycobacterial heme uptake pathway will be presented.     This 
work has been supported by a grant from the American Lung Association and NIH. 

INOR 90 

Heme uptake in Streptococcus pyogenes 

Dabney W. Dixon
(1)

, ddixon@gsu.edu, P.O. Box 4098, Atlanta GA 30302-4098, United States ; Yu 
Cao

(1)
; Neval Yonet Akbas

(1)
; Darci R. Block

(2)
; Kenton R. Rodgers

(2)
; Mahamoudou Ouattara

(3)
; Zehava 

Eichenbaum
(3)

. (1) Chemistry, Georgia State University, Atlanta GA 30302-4098, United States (2) 
Department of Chemistry, Biochemistry, and Molecular Biology, North Dakota State University, Fargo ND 
58105-5516, United States (3) Biology, Georgia State University, Atlanta GA 30303, United States  

Streptococcus pyogenes obtains iron in part by uptake of heme from the environment via the Sia (Hts) 
pathway. Heme is transferred from Shr to Shp to SiaA (part of an ABC transporter system). Shr has two 
heme-binding NEAT domains. Denaturation studies of the Fe(II)- and the Fe(III)-forms show that the two 
domains behave similarly in thermal denaturation and guanidinium denaturation. The oxidative and 
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reductive midpoint potentials for these two domains have been measured. Spectral signatures, sequence 
alignment and homology modeling for both domains have been used to assess the axial ligand 
possibilities. NEAT2 autoreduces as the pH increases and autooxidizes as the pH decreases, with an 
effective pKa of about 7.7. The very facile change in oxidation states may be physiologically significant. 
Studies of SiaA and its mutants will also be presented. 
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Bacterioferritin (BFR) is unique among members of the ferritin family of proteins in that it binds heme. 
Heme binds to Bfr through coordination of the heme iron to Met52 residues provided by adjacent 
subunits, so the Bfr 24-mer can bind up to 12 eq of heme. Currently for E. coli BFR, no method is 
available to remove heme without protein denaturation or to reconstitute unoccupied sites with heme, and 
the functional role of the heme remains undefined. We now report (a) a method for reconstitution of BFR 
by the addition of heme at elevated temperature under solution conditions that stabilize BFR to thermal 
denaturation and (b) functional properties of Bfr samples that vary widely in heme content. Results of 
these studies demonstrate that the primary consequences of heme binding to BFR are enhanced protein 
stability and acceleration of the third phase of iron core formation. 
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Heme-containing transcription factors couple binding of diatomic ligands to regulation of gene expression. 
Best studied is CooA, a CO-responsive transcription factor from anaerobic CO-metabolizing bacteria. 
CooA activation involves allosteric reorganization of the protein structure, including ligand switching and 
domain reorganization. Spectroscopic and chemical denaturation experiments provide evidence for three 
distinct conformational states, each with distinct heme coordination and thermodynamic stability. An 
allosteric mechanism for CooA may be postulated by comparison with other members of the CRP family. 
A new gas-sensing transcription factor, RcoM-2, is a putative regulator of aerobic CO metabolism. This 
protein exhibits similarities to, and differences from, CooA. Like CooA, RcoM employs ligand switching, 
with replacement of a Cys ligand upon reduction. CO replaces the less tightly bound ligand, Met in RcoM 
and Pro in CooA, thus inducing an allosteric change. 
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The P450cam monooxygenase system consists of three proteins: P450cam, the FeS protein, Pdx, and 
the FAD protein, Pdr. Pdx shuttles electrons from Pdr to P450cam and thus Pdx forms complexes with 
both Pdr and P450cam. The crystal structure of a crosslinked Pdr-Pdx complex has been solved and a 
combination of kinetic and mutagenesis studies demonstrate that that the crosslinked complex is a valid 
model for the physiologically important non-covalent complex. Although the P450cam-Pdx structure is not 
known, the favored hypothetical model is supported by similar biochemical approaches. A mutant of 
P450cam also mimics many changes induced in P450cam when Pdx binds. The structure of the mutant 
provides insights on the possible effector role of Pdx which involves changes in the O2 binding site that 
arm the catalytic machinery required for proper proton delivery to the Fe-O2 complex that leads to O-O 
bond cleavage thus giving that active Fe(IV)O hydroxylating species. 
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Ferrocene-based chelating ligands offer the possibility to engage a redox-active metal center in a strong 
electronic communication and raise the possibility of redox isomerism. d

0
f
n
-Metal complexes supported by 

these ligands show interesting redox reactivity that can be used in influencing the course of 
polymerization reactions and small-molecule activation. The role of the ferrocene ligand in determining 
unprecedented reactivity will be discussed. 
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Amido ligands support a rich array of metal complex reactivity, primarily because of strong ů- and ˊ-
donation and the availability of synthetic routes to modify the N-substituents. Neutral, nitrogenous ligands 
exhibiting amido-like character have recently been investigated where in lieu of formal coulombic 
interactions, the N-atom donation is supported by conjugation as shown for 1. Structural and theoretical 
studies have been used to study the electron distribution of 1 and mesoionic 2, as free ligands and in 
complexes. In contrast to 1, rotation about the exocyclic N-C bond (in red) is rapid for 2 on the NMR 
timescale, with consequences for metal complex reactivity.   
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Dicationic Ir(III) complexes having labile adjacent sites have previously been found to be active 
electrophilic catalysts for the Nazarov cyclization leading to efficient conversion of divinyl ketones and aryl 
vinyl ketones into cyclopentenones and indanones, respectively. These results were also extended to a 
tandem sequence with a Michael addition following the Nazarov cyclization.  New electrophilic iridium(III) 
complexes, [IrX(CO)(DIM)((R)-(+)-BINAP)](SbF6)2 (X = Br, Me; DIM = diethylisopropylidenemalonate) 
have been found to exhibit even higher activity in the catalysis of the Nazarov reaction promoting 
cyclization of weakly polarized aryl vinyl ketones that were unreactive with previously known catalysts. A 
richness in the observed catalysis that leads to competitive formation of spirocycle and ring-expanded 
products will be described. A number of factors and system additives determine the selectivity of the 
catalysis for specific products. Substrate variation, system modification and isotope labelling studies 
reveal the presence of branchpoints during the electrophilicly-promoted catalysis. 
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Strategies have been developed to allow the formation of alkyl-thiolate monolayers only on selected gold 
features on a substrate, without changing the composition of neighboring gold surfaces. Most of these 
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studies focus on the use of ɤ-functionalized alkyl thiosulfates to produce arrays of electrodes, each with 
its own set of functionalized ligands. The breadth of applicability of this approach has been explored, as 
have the mechanisms by which monolayers form selectively from these precursors. These systems were 
characterization by a combination of x-ray photoelectron spectroscopy, optical ellipsometry, and 
wettability measurements, among others. 
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This lecture will describe our efforts to develop new reactivity patterns for coordinated dinitrogen. The 
ditantalum complex ([NPN]Ta)2(µ-ɖ

2
:ɖ

1
-N2)(µ-H)2 (1: where NPN = PhP(CH2SiMe2NPh)2) that contains a 

side-on end-on N2 moiety undergoes a remarkable diversity of transformations that result in 
functionalization of the coordinated dinitrogen, and in some cases, cleavage of the N-N bond. The 
preparation of 1 is itself a remarkable process in that the dinuclear tetrahydride complex ([NPN]Ta)2(µ-H)4 
spontaneously reacts with N2 to generate 1 by elimination of H2. Not only does 1 react with simple hydride 
reagents such as silanes and boranes, but the side-on end-on N2 unit can also undergo cycloaddition 
processes with 1,2-heterocumulenes. These atom-efficient processes, which generate new carbon-
nitrogen bonds will be presented along with mechanistic proposals based on labelling studies. 
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This paper will describe studies of the oligomerization and polymerization activity of 14-electron 
titanium(II) complexes TiX2(dmpe)2 bearing the chelating diphosphine 1,2-bis(dimethylphosphino)ethane. 
At low pressures in the absence of aluminum-based co-catalysts, the titanium(II) complexes are catalysts 
for the dimerization and trimerization of ethylene and propene. At higher pressures in the presence of co-
catalysts, ethylene is polymerized to ultrahigh molecular weight polyethylene (UHMWPE). We have also 
studied the catalytic activity of mono(cyclopentadienyl)titanium(II) complexes of stoichiometry 
CpTiX(dmpe)2 and 14-electron pentamethylcyclopentadienyl complexes of stoichiometry Cp*TiX(dmpe). 
Treatment of several of these titanium(II) complexes with dimethylferrocinium salts results in the formation 
of the cationic titanium(III) complexes [CpTiH(dmpe)2

+
] and [CpTiMe(dmpe)2

+
]; the latter is the first 

cationic titanium(III) alkyl of any kind. EPR studies of the reactivity of these species will be detailed. 
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The pincer-ligated iridium species (
tBu

PCP)Ir (
tBu

PCP = ə
3
-2,6-(

t
Bu2PCH2)2C6H3) has been found to 

oxidatively add the carbon(sp
3
)-oxygen bond of methyl aryl ethers bearing electron poor aryl groups (e.g. 

3,5-bis(trifluoromethyl)phenyl), or the C(sp
3
)-O bond of methyl carboxylates. Although the net reaction is a 

simple oxidative addition of a C-O bond, the reaction pathway proceeds via initial oxidative addition of a 
C-H bond, followed by Ŭ-migration of the aryloxide or carboxylate group to give an iridium carbene, and 
then metal-to-carbene H migration to regenerate the CH3 group. Based on this mechanism, we 
speculated that C-F bonds might also undergo oxidative addition via C-H addition. Accordingly, we find 
that fluoromethane and 3,5-bis(trifluoromethyl)benzylfluoride both undergo oxidative addition to 
(
tBu

PCP)Ir; these are the first examples of addition of a C(sp
3
)-F to a transition metal center. The results of 

mechanistic studies of these reactions will be discussed. 
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(IPr*)Ni=N(dmp), the first two-coordinate transition-metal complex containing an imido ligand, has been 
prepared and studied. Its solid-state structure exhibits a linear core with a very short Ni-N distance 
(1.663(3) Å) that indicates strong pi-bonding. The low coordination number results in a weak ligand field 
and a triplet ground state for this d

8
 complex, and leads to dramatically enhanced group-transfer reactivity 

when compared to higher-coordinate imido derivatives. A facile reaction resulting in nitrene group-transfer 

to ethylene to give a vinyl amine will be described.     
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Catalysts based on rhodium complexes of 3,4-diazaphospholanes are highly active and selective for the 
hydroformylation of simple alkenes such as allyl ethers, vinyl acetates, vinyl enamides, aryl alkenes, and 
1,3 dienes. The resulting products constitute powerful chiral building blocks, especially for the 
pharmaceutical industry. What is the origin of selectivity in the multistep catalytic cycle of 
hydroformylation? Insights arise from careful studies of gas pressure effects on rate and selectivity, the 
application of isotopic labels, and reaction kinetics. 
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Evaluating nascent technologies at the discovery stage against fully engineered commercial products is 
difficult because new technologies have generally not yet benefited from extensive iterative development. 
What is certain, however, is that new discoveries that involve materials that are difficult to make, 
manufacture and implement tend to have long product development cycles. In these cases, before 
discovery can be translated to a viable technology, the iterative developmental cycle can become mired in 
the so-called ñvalley of deathò where financing constraints suffocate innovation. Conversely, discoveries 
that are based on materials that are easy to make, manufacture and implement can have much shorter 
iterative development cycles and consequently have a greater chance to avoid the chasm that the ñvalley 
of deathò presents to nascent technologies. For this reason, the discovery of new Co and Ni based water 
splitting catalysts developed in our labs are of potential technological interest in the energy sector. 
Converting water to oxygen and hydrogen is the central chemistry of conversion processes that store 
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renewable energy in the form of chemical fuels. This talk will present results of a high surface area 
electrode that is functionalized with cobalt-based oxygen evolving catalysts (Co-OEC). Current densities 
of 100 mA/cm

2
 are achieved for water splitting at 350 mV overpotential. The catalyst retains activity in 

near-neutral pH buffered electrolyte in natural waters such as those from the Charles River (Cambridge, 
MA) and seawater (Woods Hole MA). The efficacy and ease of operation of anodes functionalized with 
Co-OEC catalyst at appreciable current density together with its ability to operate in near neutral pH 
buffered natural water sources bodes well for the translation of this catalyst to a viable renewable energy 
storage technology. 
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Three new hybrid compounds, [Fe(2,2'bpy)3]3[H2W12O40]Å6H2O, [Ru(bpy)3]2[Mo8O26]Å6H2O and 
[Ru(bpy)3][W6O19], (2,2'-bpy = 2,2'-bipyridine) have been hydrothermally synthesized. These solids were 
characterized by elemental analysis, thermogravimetric analysis, UV-Vis spectroscopy and X-ray 
diffraction. Their photocatalytic properties on photodegradation of dye pollutants were also studied. 
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A sol-gel precursor was used to synthesize zinc gallium oxy-nitrides with visible light band gaps. At low 
temperatures, novel spinel oxynitrides were produced with band gaps of 2.5 to 2.7eV, surface areas of 16 
to 36m

2
/g, and nitrogen content less than 1.5%. As the temperature was raised, these spinels get 

consumed to form wurzitic oxy-nitrides also with band gaps less than 3 eV but with surface areas of 4 to 6 
m

2
/g. The reduction in the band gap for the spinel oxy-nitrides is associated with the incorporation of N2p 

orbitals in the valence band with corresponding changes in the anion position parameter. We established 
that the presence of a small fraction of gallium tetrahedral centers and anion vacancies might affect its 
unique electronic properties. The changes associated with the gallium coordination environment as the 
spinel zinc gallate precursor transforms to a spinel oxynitride at 550

o
C and further changes into a wurzite 

oxynitride at 850
o
C are studied through XRD, UV-Vis spectroscopy, neutron diffraction, XAS and other 

techniques. Electronic structure and formation energies of the oxy-nitrides were studied using DFT with 
the Linear Augmented Plane Wave method. These photocatalysts were found to be active in degrading 
dyes and phenolic compounds in visible light along with the ability to produce oxygen from silver nitrate. 
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Iron pyrite (FeS2) is a semiconductor of interest as the absorber layer in thin film solar cells due to its 
bandgap (~0.95eV), large absorption coefficient, and vast elemental abundance. In this talk, I describe 
the growth of pyrite thin films by metal organic chemical vapor deposition (MOCVD). These films were 
annealed in sulfur and hydrogen sulfide to remove impurity phases, increase grain growth, and increase 
sample quality. Substrate-dependent morphology has been characterized with X-ray diffraction, X-ray 
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photoelectron spectroscopy (XPS), scanning electron microscopy, and other techniques. Variable-energy 
XPS at the Advanced Light Source was used to investigate the samples as a function of growth and 
annealing conditions. Variations in surface composition were seen after annealing. In addition, XPS-
based studies of pyrite surface oxidation after exposure to controlled environments will be reported. 
These results establish the initial growth and characterization for a pyrite absorber layer in a thin film solar 
cell. 
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Tungsten carbonitride (WNxCy) is a potential diffusion barrier material for copper metallization in 
integrated circuits. We have previously utilized tungsten(VI) imido and tungsten(VI) hydrazido complexes 
as CVD (Chemical Vapor Deposition) precursors for the deposition of WNxCy thin films. Since N-C or N-N 
bond homolysis in the imido or hydrazido ligand is a crucial step during depositions using these 
complexes, we now report preparation of tungsten(VI) nitrido complexes which circumvent this rate 
determining bond cleavage. 
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Zeolites are a class of crystalline oxides that have uniform and molecular-sized pores (0.3-1.2 nm in 
diameter). They have been widely used in catalysis, ion exchange and separation due to the inherent 
molecular sieving capability of zeolites. Recently, other applications of zeolites in their film forms have 
emerged ranging beyond the traditional use as separation membranes: from computer chips as low-k 
insulators, aerospace alloys as corrosion resistant coatings, to space stations as antimicrobial and 
hydrophilic coatings. Those novel applications are mainly motivated by some unique properties of zeolites 
themselves. However, the properties of the films, as a whole system, have not been taken into enough 
consideration in terms of their applications. Here, we present the observation of a layered structure of 
zeolite coatings on Al alloys. This structure is formed during the in-situ hydrothermal synthesis and 
explains some unique coating properties that are in conflict with the properties of zeolites themselves. At 
the same time, the formation of the layered structure reveals the chemistry underneath the zeolite 
coating, which sheds light on the corrosion protection mechanism of zeolite coating on Al alloys. 
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We describe the mechanosynthesis of zeolitic imidazolate frameworks (ZIFs), porous coordination 
polymers with similar structures and properties to zeolites. Mechanochemistry has numerous advantages 
over traditional solvothermal methods: energy and solvent efficiency; speed; and quantitative yields.   Our 
screening has yielded selective routes to 1 new and 7 known ZIFs. Some spontaneously transformed to 
denser topologies. Additives markedly changed the kinetics of transformation, varying the conversion time 
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from hours to over a week, suggesting a way to stabilize these tailored porous architectures.   
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Takao Mori
(1)

, MORI.Takao@nims.go.jp, Namiki 1-1, Tsukuba Ibaraki 305-0044, Japan . (1) National 
Institute for Materials Science (NIMS), Tsukuba 305-0044, Japan  

The XIII~XV group elements (C, B, Si, Sb, etc.) have been known to form compounds with particular 
network-like structures, i.e. clusters, 2D atomic nets, cage-like structures in which the structural order 
plays a large role in the properties. Boron network compounds are of interest, where the strong covalent 
framework supplies a light robust "armorò which is acid and corrosion resistant and can withstand high 
temperatures. Attractive electronic, magnetic, and thermal properties can be developed from the "insideò 
through metal atom constituents. I will especially focus on emerging strategies to develop the 
functionalities. Namely, 1. new methods of control of network structure, and 2. inherent functionalities. For 
example, a structural building block; the B12 icosahedra cluster, can function as a novel mediator of 
magnetic interaction, while control of thermal conductivity and other properties are leading to effective 
new high temperature thermoelectric materials. An overview on synthesis methods will also be given. 

INOR 112 

Directed assembly of supertetrahedral clusters and the secondry structural contribution in band 
gap engineering 

Le Wang
(1)

, CHEM.LE.WANG@gmail.com, 501 Chemical Sciences Building, Big Spring Rd, Riverside 
CA 92521, United States ; Tao Wu

(1)
; Xiang Zhao

(1)
; Xianhui Bu

(2)
; Pingyun Feng

(1)
. (1) Department of 

Chemistry, University of California Riverside, Riverside CA 92507, United States (2) Department of 
Chemistry and Biochemistry, California State Univeristy Long Beach, Long Beach CA 90840, United 
States  

Metal chalcogenide open frameworks built from tetrahedral clusters beautifully represent the bottom-up 
self-assembly of supermolecular building blocks with precisely defined size and composition. Among the 
various tetrahedral building blocks, the supertetrahedral (Tn) clusters are a unique family that carries the 
finger-prints of the corresponding condensed phase with similar composition. Hence they are capable to 
be utilized as nano-scale artificial atoms for constructing structures with large open space however 
simultaneously retaining semiconductor property. In addition to our previous works that focused on 
demonstrating the property engineering based on varying size of the clusters in the structures built by uni-
sized building blocks, presented hereby is our recently developed strategy that utilizing two different sized 
cluster to achieve such property engineering. A new piece of material built by the largest and the smallest 
super-Tn cluster is synthesized, and theoretical calculations based on this structure and its isomers are 
employed to further understand the band structure and to discuss the structural contribution from different 
connection modes. 
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Mechanochemical synthesis: An overlooked path to clean and efficient synthesis of materials and 
molecules 

Tomislav Friscic
(1)

, tf253@cam.ac.uk, Lensfield Road, Cambridge Cambridgeshire CB21EW, United 
Kingdom . (1) Department of Chemistry, University of Cambridge, Cambridge Cambridgehsire CB21EW, 
United Kingdom  

Mechanochemical reactions, i.e. chemical reactions initiated by mechanical force, provide a highly 
efficient means to construct new materials and molecules. This presentation will highlight our latest 
advances in the use of mechanochemical methods, such as ion- and liquid-assisted grinding (ILAG) 
synthesis for the rapid and waste-free conversion of metal oxides into porous metal-organic frameworks 
(MOFs), including zeolitic imidazolate frameworks (ZIFs). Our recent work in the use of reversible solid-
state reactions for the synthesis of molecular targets will also be described.  

  

INOR 114 

Effects of varying growth conditions on the composition, structure and properties of double 
perovskite Sr2FeMoO6 films grown via pulsed laser deposition 

Tricia L Meyer
(1)

, tmeyer@chemistry.ohio-state.edu, 3106 Newman Wolfrom, 100 W 18th Avenue, 
Columbus OH, United States ; Rebecca A. Ricciardo

(1)
; Patrick M Woodward

(1)
; Thomas R Lemberger
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(2)
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(3)

; Patricia A Morris
(3)

. (1) Department of Chemistry, The Ohio 
State University, Columbus OH 43210, United States (2) Department of Physics, The Ohio State 
University, Columbus OH 43210, United States (3) Department of Materials Science and Engineering, 
The Ohio State University, Columbus OH 43210, United States  

Fully-ordered Sr2FeMoO6 is thought to be a 100% spin polarized half metallic ferrimagnet. This feature, 
coupled with its high Curie temperature of 420 K, make it an attractive material for spintronic applications. 
In order to probe its potential applicability, thin films of the double perovskite Sr2FeMoO6 have been 
grown by pulsed laser deposition and their properties characterized using X-ray diffraction, Rutherford 
backscattering, SQUID magnetometry, and atomic force microscopy. Thin films have been grown on both 
(111)- and (100)-oriented SrTiO3 substrates at growth temperatures ranging from 800-850 °C in 50 mTorr 
of either inert (Ar) or reducing (Ar + 5% H2) atmospheres. The structural characteristics, phase purity, 
Fe/Mo ordering, stoichiometry, and saturation magnetization of these films will be discussed in detail. In 
addition, preliminary structural and magnetic results of Sr2FeMoO6 grown on either ordered or disordered 
double perovskite buffer layers will also be presented. 
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Thiother-functionalized coordination networks for the uptake of metal species 
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Zhengtao Xu
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, zhengtao@cityu.edu.hk, 83 Tat Chee Avenue, Kowloon Hong Kong, Hong Kong Special 
Administrative Region of China; Xiao-Ping Zhou

(1)
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(1)
. (1) 

Department of Biology and Chemistry, City University of Hong Kong, Kowloon Hong Kong 000, Hong 
Kong Special Administrative Region of China (2) Department of Chemistry, Youngstown State University, 
Youngstown OH 44555, United States  

The molecule here combines the chemically soft thioether and hard carboxyl functions (e.g., 
tetrakis(methylthio)-1,4-benzenedicarboxylic acid, TMBD). Specifically, TMBD was reacted with the hard 
Eu(III) ion to form a porous network featuring free-standing thioether groups, which enables the uptake of 
HgCl2 into the channels. The HgCl2 guest was then reacted with H2S to generate Hg(II) sulfide species, 
while maintaining the structural integrity of the host net. We will also discuss the potential impact of this 
hard-and-soft approach for the making of photovoltaic hybrid materials. For example, a covalent organic 
framework (COF) of phthalocyanine-Cu(II) moieties (p-type) joined by a thioether-tagged phenylene 
bis(boronic acid) linkers can be first established (as in Spitler, E. L.; Dichtel, W. R. Nature Chemistry 
2010, 2, 672); the thioether groups will then enable the uptake of HgCl2 (or other halides) for the 
subsequent treatment with H2S to form the sulfide species (e.g. as the n-type domain). 
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Two-coordinate first row transition metal complexes with short unsupported metal-metal bonds 

Hao Lei
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, haolei@ucdavis.edu, One Shields Avenue, Davis California 95616, United States ; Jing-Dong 
Guo

(2)
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(2)
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of California, Davis, Davis California 95616, United States (2) Department of Theoretical and 
Computational Molecular Science, Institute for Molecular Science, Okazaki Aichi 444-8585, Japan  

The paper will discuss the synthesis of a series of first row transition metal complexes with unsupported 
M-Fe bonds,(3,5-

i
Pr2-Ar*)MFe(ɖ

5
-C5H5)(CO)2 (M = Fe (1), Mn (2), Cr (3), 3,5-

i
Pr2-Ar* = -C6H-2,6-(C6H2-

2,4,6-
i
Pr3)2-3,5-

i
Pr2). They were characterized by 

1
H NMR, UV-vis spectroscopy, X-ray crystallography 

and SQUID magnetic measurements. Two distinct Fe atoms in 1 were confirmed by Mössbauer 
spectroscopy. All three compounds feature short metal-metal bond distances (Fe-Fe, 2.3931(8) Å (1); Mn-
Fe, 2.4512(5) Å (2); Cr-Fe, 2.4887(5) Å (3)). Their DFT computed structures were in excellent agreement 
with the experimental data, and revealed that the metal-metal bonds have mainly ionic character. 
Extension of this synthetic strategy to other metal-metal combinations will also be discussed. 
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Coordination chemistry of a wide-angle diphosphine with two limiting conformations 

Connie C. Lu
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, clu@umn.edu, 207 Pleasant St SE, Minneapolis MN, United States ; Keying Ding
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; 
Elodie E. Marlier

(1)
. (1) Department of Chemistry, University of Minnesota, Minneapolis MN 55414, United 

States  

We recently reported a wide-angle diphosphine ligand that supports noble TM ions in two limiting 
conformations, cis and trans. The cis conformer is predicted to be 3 kcal/mol hgigher in energy. We will 
report our on-going investigations in the reactivity profiles of Rh and Pd systems, as well as extensions of 
the coordination chemistry to first row transition metals. 
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Synthesis and reactivity of m-terphenyl isocyanide-supported Manganese monoanions 

Mason A Stewart
(1)

, m3stewar@ucsd.edu, 9500 Gilman Dr., La Jolla CA 92093, United States ; Joshua 
S Figueroa

(1)
. (1) Department of Chemistry and Biochemistry, University of California- San Diego, San 

Diego CA 92093, United States  

Utilizing the encumbering m-terphenyl isocyanides CNAr
Dipp2

 and CNAr
Mes2

, monoanionic manganese 
complexes have been synthesized. For CNAr

Mes2
, the K(18-crown-6)Mn(CNR)3(CO)2 was synthesized by 

reduction of Mn(CNR)3(CO)2Br with potassium anthracenide. For CNAr
Dipp2

, the thermally stable vibrant 
red NaMn(CNR)2(CO)3 has been synthesized. This anion behaves similarly to NaMn(CO)5 in that the 
methyl and hydride complexes are easily obtainable upon reaction with methyl iodide and protic sources, 
respectively. However, this system shows promise to trapping highly reactive main group fragments. Most 
notably, upon addition of a dilute Et2O solution of SnCl2 to a thawing solution of the bis-isocyanide 
tricarbonyl anion cleanly produces the dark green metallostanylene complex, Mn(CNR)2(CO)3SnCl. This 
compound presents a novel example of a metallostannylene without a sterically encumbering substituent 
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on the divalent tin center. Interestingly, the compound is stable in the solid state and in cold Et2O solution. 
Current work has been focused on further reactivity of the bis-isocyanide tricarbonyl anion, as well as 
synthesis and derivatization of manganese complexes featuring tin and other group 14 elements. 

INOR 119 

Synthesis and reactivity of cationic metal nitrosyl complexes with a {MNO}
10

 configuration 

Ashley M Wright
(1)

, awright@chem.ucsb.edu, Department of Chemistry and Biochemistry 9510, Santa 
Barbara CA, United States ; Trevor W Hayton

(1)
. (1) Department of Chemistry and Biochemistry, 
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Copperïnitrosyl complexes are known to exhibit reactivity at the NO ligand. In contrast, nickelïnitrosyl 
complexes appear to have unreactive NO ligands. We have endeavored to synthesize analogous Niï and 
Cuïnitrosyl complexes, with a view to study this difference. The addition of [NO][PF6] to either copper or 
nickel powder, in nitromethane, results in the formation of a metal nitrosyl cation, namely 
[Cu(CH3NO2)5(NO)][PF6]2 (1) and [Ni(CH3NO2)3(NO)][PF6] (2). Both have a {MNO}

10
 electronic 

configuration, but exhibit different structural and reactivity properties. Notably, the copperïnitrosyl has an 
octahedral geometry with a bent CuïNïO moiety, while the nickelïnitrosyl is tetrahedral with a linear Niï
NïO moiety. Furthermore, addition of mesitylene to 1 results in the  formation of [mesitylene,NO][PF6] 
and [Cu(ɖ

2
-1,3,5-Me3C6H3)2][PF6], whereas addition of mesitylene to 2 results in nitromethane 

displacement to give [Ni(NO)(ɖ
6
-1,3,5-Me3C6H3)][PF6]. Further reactivity studies of both complex 1 and 2 

will also be discussed. 
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Electronic effects of mono- and bidentate perfluorinated alkoxide ligands in late first row 
transition metal complexes 

Stefanie A. Cantalupo
(1)

, stef84@bu.edu, 590 Commonwealth Ave, Boston MA 02215, United States ; 
Linda H. Doerrer

(1)
. (1) Department of Chemistry, Boston University, Boston MA 02215, United States  

Previous publications from the Doerrer group reported the synthesis and characterization of homoleptic 
mononuclear Co(II) and Cu(II) complexes with fluorinated aryloxide ligands (Inorg. Chem, 2006, 43, 
7709.; Inorg. Chem. 2009, 48, 4274.). The extension of this work with Co(II), Ni(II), and Cu(II) with the 
fluorinated alkoxide ligand OC4F9 with [M(OR

F
)3]

-
 and [M(OR

F
)4]

2-
 stoichiometry was also reported (Inorg. 

Chem. 2009, 48, 4274.; Dalton Trans., 2010, 39, 374.). These ligands were shown to be medium field 
ligands on the basis of their UV-vis spectra. More recently, we have extended this work to the chelating 
fluorinated alkoxide ligand, perfluoropinacolate or dodecafluoropinacolate (ddfp), for the synthesis and 
crystallographic characterization of the unusual square planar {Co(II)O4} center in {K(DME)2}2[Co(ddfp)2]. 
Most recently, we have broadened our studies to less symmetric perfluorinated ligands. A comparison of 
the syntheses, characterization and reactivities with various s- and d-block metals of HOC(C6F5)3 and 
HOC(CF3)(C6F5)2 will be presented. 
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Development of vanadium-sulfur chemistry using microbial chelator 

Pabitra B. Chatterjee
(1)

, pabitra@mail.colostate.edu, 1872 Campus Delivery, Fort Collins Colorado 
80523-1872, United States ; Debbie C Crans

(1)
, crans@lamar.colostate.edu, 1872 Campus Delivery, Fort 

Collins Colorado 80523-1872, United States . (1) Department of Chemistry, Colorado State University, 
Fort Collins Colorado 80523-1872, United States  

Literature has witnessed the fascinating chemistry of 2,6-pyridinedicarboxylic acid (H2dipic) and its 
vanadium compounds, known to exhibit insulin enhancing properties, both in aqueous solution and also in 
model lipid membranes.

1,2
 Unlike with O/N donor ligands, the coordination chemistry of vanadium with 

sulfur donor ligands has remained largely unexplored. However, the vanadium-sulfur chemistry has 
attracted considerable attention to chemists, particularly biochemists, as models for nitrogenase 
chemistry, as the vanadium binding proteins, as antiamoebic agents, and many more.

3
 Herein, we 

present our observations from experiments exploring the chemistry of a microbial chelator which is 
actually a thiocarboxylic acid analog of H2dipic i.e. pyridine-2,6-bis(thiocarboxylic acid) (H2PDTC), a 
natural product secreted by some strains of bacteria belonging to the genus Pseudomonas putida and is 
also known to functions as siderophore to assimilate transition metal ions. We report a green colored 
mononuclear oxovanadium(IV) compound that undergoes an unprecedented solid-state aerial oxidation 
to a black colored mononuclear cis-dioxovanadium(V) entity. We also have investigated the interaction of 
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this natural product and its vanadium compounds with our model lipid system and also compared those 
with our previous findings with H2dipic and its vanadium compounds.     References  (1) Gaidamauskas, 
E.; Cleaver, D. P.; Chatterjee, P. B.; Crans, D. C. Langmuir 2010, 26, 13153-13161 and references 
therein.   (2) Crans, D. C.; Trujillo, A. M.; Bonetti, S.; Rithner, C. D.; Baruah, B.; Levinger, N. E. J. Org. 
Chem. 2008, 73, 9633-9640.   (3) Crans, D. C.; Zhang, B.; Gaidamauskas, E.; Keramidas, A. D.; Willisky, 
G. R.; Roberts, C. R. Inorg. Chem. 2010, 49, 4245-4256. 
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Entry into the dinitrogen chemistry of sulfur-ligated iron complexes 

Ayumi Takaoka
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Pasadena CA 91125, United States ; Neal Mankad
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Institute of Technology, Pasadena CA 91125, United States  

Although many examples of dinitrogen complexes of transition metals have been reported to date, few 
contain sulfur-based ligands, and those of iron are particularly uncommon. Such complexes are relevant 
towards constructing functional and structural models of the FeMo cofactor in nitrogenase, which 
catalytically reduces dinitrogen to ammonia through a cycle in which dinitrogen binding at iron has been 
implicated. This presentation describes the synthesis of dinitrogen complexes of iron chelated by the 
tripodal tetradentate ligands, [SiP

R
xS

R'
y-]
ī 

([SiP
R

xS
R'

y
 ī

 = (R2PC6H4)x(R'SC6H4)ySi
ī
: R = iPr, Ph; R' = Ad), 

which contain one or two thioether arms complemented by phosphine arms. The characterization of 
several Fe(II) and Fe(I) complexes is presented, and a comparison with the iron dinitrogen chemistry of 
the parent tris(phosphino)silyl ligands, [SiP

R
3]
ī
 (SiP

R
3= (R2PC6H4)3Si

ī
; R = iPr, Ph) is discussed. 
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Synthesis and reactivity of a new (mercaptoimidazolyl)pyridine 
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, jbongiov@uncc.edu, 9201 University City Boulevard, Charlotte North 
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(1)
. (1) Department of Chemistry, The University of 
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Mixed-donor ligands are particularly attractive in inorganic chemistry due to their steric and electronic 
versatility and the range of coordination modes they exhibit when bound to metal centers. Although 
pyridines and heterocyclic thiones have been extensively investigated as prototypical nitrogen- and sulfur-
donor ligands, the reactivity of simple bidentate species containing both functionalities is virtually 
unknown. The synthesis, structure, and coordination chemistry of the methyl-substituted 
(mercaptoimidazolyl)pyridine ligand mpy

Me
 is described herein, including the preparation of complexes 

with both transition and main group metals. For example, the nine group 12 metal complexes (mpy
Me

)MX2 
(M = Zn, Cd, Hg; X = Cl, Br, I) have been prepared and fully characterized, and single-crystal X-ray 
diffraction studies have established that the mixed-donor ligand exhibits a different coordination mode for 
each element in the triad. An overview of additional reactivity studies, including the syntheses of 
manganese(I), rhenium(I), cobalt(II), nickel(II), copper(I), silver(I), indium(III), antimony(III), and 

bismuth(III) complexes, will also be outlined in this presentation.     
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Tripodal sulfonamide ligands as a dual binding motif: Deploying Group I or II cations within the 
secondary coordination sphere of transition metal complexes 

Young Jun Park
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The oxygen evolving complex (OEC) of Photosystem II contains both hydrogen bonding networks and a 
Lewis acidic Ca

2+
 cation near the Mn4O4 cluster. While the existence of Ca

2+
 in OEC is critical to form an 

O-O bond from two water molecules, its exact function is still unclear. During our ongoing efforts to 
manipulate the secondary coordination sphere, we found that a tripodal sulfonamide ligand could form 
transition metal-aquo and ïhydroxo complexes supported by a proximal Group I or II metal cation (Na

+
, 

K
+
or Ca

2+
). The observed interatomic distances between a transition metal and a Group I or II cation were 

in a range of 4 Å. These model complexes may help elucidate the impact that the redox-inactive metal 
has on structure and function with the OEC. In this presentation, details for the coordination modes of the 
tripodal sulfonamide complexes and a preliminary assessment of their reactivity toward dioxygen and 
water will be discussed. 
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Dinuclear metal complexes with terminal hydroxo ligands as probes for the active site in the 
photosystem II 

Gary Kwanyi Ng
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United States  

Multinuclear transition metal complexes with terminal hydroxo ligand(s) have been proposed to participate 
in the catalytic cycles in Photosystem II and artificial water oxidation catalysts. Exploring the chemistry of 
their synthetic analogues could provide information on the designs of new water splitting catalysts. One 
challenge is developing systems placing two aquo or hydroxo ligands in close proximity within one 
molecular unit. However, to our knowledge, there are no structurally characterized transition metal 
complexes having hydroxo ligands bonded to two metal centers in a syn-fashion. The dinucleating ligand 
3,5-bis[bis(N-6-neopentyl-2-pyridylmethyl)aminomethyl]-1H-pyrazole (H5bnppap) containing four 
(neopentylamino)pyridyl groups connected via a pyrazolate bridge has been synthesized. The appended 
amino groups are introduced to stabilize terminal hydroxo ligands via intramolecular hydrogen bonds. To 
illustrate the utility of the ligand, a series of bis(hydroxo) complexes, [M

II
2H4bnppap(OH)2](X) has been 

synthesized and structurally characterized. Presented in this talk are descriptions of the structural and 
spectroscopic properties of these complexes. 
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Buffering heavy metal ions with photoactive Crowncast cages 
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Caged compounds have been used to interrogate biological activity of organic molecules using light. 
Cation-selective N-phenylazamacrocyclic receptors integrated with 4,5-dimethoxy-2-nitrobenzyl (DMNB) 
photoactive group, function as cages for divalent metal ions. The uncaging mechanism of these 
complexes involves a photoreaction that converts a nitrobenzohydrol, which is para to the aniline 
nitrogen, into the corresponding nitrosobenzophenone. Resonance delocalization of the aniline lone pair 
into the distal carbonyl of the photoproduct attenuates the ability of the nitrogen atom to interact with the 
cation. Crowncast-1 utilizes a 13-phenyl-1,4,7,10-tetraoxa-13-azacyclopentadecane (A15C5) receptor 
showed a modest selectivity for Ca

2+
 but a better cage for Mg

2+
. Crowncast-2 utilizes a 10-phenyl-1,4-

dioxza-7,13-dithia-10-azacyclopentadecane (AT215C5) showed selectivity for Hg
2+

 in aqueous solution. 
Crowncast-3 uses a 16-phenyl-1,4,7,10,13-pentaoxa-16-azacyclooctadecane (A18C6) for Pb

2+
 selectivity. 

Uncaged Crowncast ligands have a lower metal affinity than the caged o-nitrobezyhydrol macrocycle. 
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Fluorescent sensors for Li
+
 composed of 12-crown-4-substituted coumarins 
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Lithium salts have been prescribed as the gold standard treatment for bipolar disorder for fifty years, 
continuing to outperform newer, alternative mood stabilizers. Despite this longevity, the pharmacological 
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mode of action for Li
+
 in treating bipolar disorder is still speculative. A common theme among most 

theories is competition between Li
+
 and Mg

2+
 for binding sites in enzymes. Probing this dynamic has been 

difficult, however, as researchers lack a sensitive and specific tool for tracking Li
+
 in cells. A water-

soluble, Li
+
-specific fluoroionophore would fill this need. Towards that end, we have synthesized several 

3- and 4-substituted coumarins with derivatives of 12-crown-4 to act as fluorescent probes for Li
+
. 

Synthetic routes, spectral characterization, and results of titration studies of alkali and alkaline earth metal 
ions with these ligands will be presented. 
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Monolayer protected gold clusters for biological applications 
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New synthesis routes for a nanoparticle-based material in which there is controlled, spatial ordering of the 
nanoparticle (NP) building blocks is of tremendous interest. Various types of ligands have been used to 
produce nanoparticles ranging from simple organic molecules to oligonucleotides. In most cases for the 
synthesis of gold nanoparticles, thiol based ligands has been favored invoking the soft metal ï soft ligand 
interaction. Other than sulfur based ligands we have also used ligands bearing N and O as donor atoms. 
They are of biological importance as they can be used as vehicles for drug delivery to cancer cells. They 
are a challenge to synthesize as the amino acid nitrogen is not as attracted to the Au metal as its sulfur 
counterpart. Fluorescence measurements have been performed to study the visible and near IR 
luminescence. Further investigation is underway to measure the cytotoxicity of these nanoparticles 

towards cancer cells.    
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We have investigated the development and use of organometallic and inorganic ruthenium as well as 
gallium and copper complexes bearing thiosemicarbazone ligands as anti-tumor agents and antibacterial 
agents. These compounds have been found to be cytotoxic to breast and colon cancer cell lines with IC50 
values ranging from 1.0 - 200 mM. The compounds exhibited less cytotoxicity against the non-
tumorigenic cell line (CCD-18Co). We have also examined their biophysical reactivity with DNA and 
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human serum albumin (HSA). These compounds interact with DNA which might imply that it is a target for 
their biological activity. The binding constants for the organometallic complexes with DNA are on the 
order of 10

3
 M

-1
 but the inorganic compounds have binding constants that are an order of magnitude 

higher. We have discovered that the organometallic ruthenium complexes have strong potential as 
inhibitors of human topoisomerase II. The complexes also bind strongly to human serum albumin. 
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Probing the effects of mutagenesis and modification on the structure and function of the Rieske 
protein from Thermus thermophilus 
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The electron transport chain contains four complexes that move electrons through a series of redox 
reactions and is critical for energy generation in a cell. Complex III of the respiratory chain, the 
cytochrome bc1 complex, contains a Rieske protein, which has a [2Fe-2S] cluster with one iron ligated by 
two cysteines and the other iron ligated by two histidines. The varying reduction potentials between 
species are postulated to be due to differences including the number of hydrogen bonds to and around 
the cluster, charge proximity to the cluster and solvent accessibility of ligands to the cluster. In Thermus 
thermophilus Rieske, a series of mutant proteins altering the environment around the cluster were created 
and characterized using a variety of methods. Specifically, Leucine 135 to Arginine (L135R) adds a 
positive charge proximal to the cluster. Both the UV-Visible and CD spectra are pH-dependent and pKa 
values for the oxidized protein have been determined to be 6.9 ± 0.2 and 9.0 ± 0.2. The lower pKa values 
compared to truncated wild type follow from the expected higher potential. X-ray crystallographic data has 
been collected for L135R to 2.2 Å. Diethyl pyrocarbonate (DEPC) has also been used to probe the 
reactivity of the ligating histidines in the reduction potential mutants. The DEPC modification studies 
indicate that L135R shows similarities to truncated wild type, including reducing the cluster upon 
modification. These results indicate that the ligating histidine(s) can be modified and the cluster reduced 
even in a mutant with a bulky side chain adjacent to the ligating histidines. 
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Using an undergraduate inorganic chemistry laboratory course as a vehicle for research involving 
advanced paramagnetic resonance spectroscopy 

Joshua Telser
(1)

, jtelser@roosevelt.edu, 1400 N. Roosevelt Blvd., Schaumburg IL 60173, United States . 
(1) Department of Biological, Chemical and Physical Sciences, Roosevelt University, Schaumburg IL 
60173, United States  

Roosevelt University is a primarily undergraduate institution with an ACS-certified B.S. program based at 
its campus in Schaumburg, IL, in the Chicago northwest suburbs. ACS-CPT now requires an inorganic 
laboratory experience, which led to the introduction in 2006 of Chem 347, Advanced Inorganic 
Laboratory; offered biannually. Beginning with the second course offering, in 2008, include student 
projects are included that involve the synthesis and characterization of coordination complexes containing 
paramagnetic transition metal ions with S > 1/2 ground states (e.g., Co(II), Ni(II)). These complexes have, 
in successful cases, been studied by high-field/frequency EPR (at the NHMFL in Tallahassee, FL), which 
can provide unique information on electronic structure, in combination with other techniques, such as UV-
Vis-NIR spectroscopy, which is done at Roosevelt. A case study of two Mn(III) bis ñscorpionateò 
complexes will be described. The Mn(III) ion has an unusual S = 1 ground state in each of these 
complexes. 
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Transmetallation and oxygenation studies of O-ethyl-L-cysteinato complexes of Ni(II) and Zn(II) 

Melissa L. Golden
(1)

, mgolden@csufresno.edu, 2555 East San Ramon Ave. M/S SB70, Fresno CA 
93740, United States . (1) Department of Chemistry, California State University Fresno, Fresno CA 
93740, United States  

The function of zinc fingers in cell growth and death has been shown to be inhibited by numerous 
transition metal complexes.

1,2
 In order to determine the effect of transmetallation by nickel and the 

mechanism by which Ni(II) may displace Zn(II), the complex bis(o-ethyl-L-cysteinato)zinc(II), or Zn(cysE)2, 
was synthesized to mimic the ZnN2S2 coordination site in zinc fingers.

3
 Addition of NiCl2 to Zn(cysE)2 
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results in a distinct color change, indicating the replacement of zinc with nickel. ESI-Mass Spectrometry 
suggests the presence of several nickel cysteine aggregates including [Ni(Ni(cysE)2)2]

2+
 and [Ni2(cysE)3]

+
 

as the predominate species; whereas, the UV-Vis spectra are more consistent with the tri-nickel complex, 
[Ni(Ni(cys)2)2]

2+
. Nickel binding studies of the Ni(cysE)2 complex and oxygen reactivity studies exhibit 

differences in comparison to other NiN2S2 complexes containing tetradentate ligands. This is attributed to 
the bidentate ligand. Upon exposure of Ni(cysE)2 to O2, initially the tri-nickel complex is formed after the 
ligand is oxidized to the disulfide. The binding of Ni(II) ions by 2 Ni(cysE)2 complexes is reversible; 
eventually this leads to only sulfone and sulfoxides nickel complexes.  

    1. Liu, Q.; Golden, M.; 
Darensbourg, M.Y.; Farrell, N. Chem. Commun., 2005, 4360-4362. 2. Sartori, D.A.; Miller, B.; Bierbach, 
U.; Farrell, N. J. Biol. Inorg. Chem., 2000, 5, 575-583. 3. Bell, P.; Sheldrick, W.S. Z. Naturforsch, 1984, 
39b, 1732-1737. 
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Synthesis of novel imido-analogs of the oxygen evolving complex 

Regina A Baglia
(1)

, regina.baglia@temple.edu, 1901 N. 13th St, Philadelphia PA 19122, United States ; 
Clifton Hamilton

(1)
; Michael J Zdilla

(1)
. (1) Department of Chemistry, Temple University, Philadelphia 

Pennsylvania 19122, United States  

The oxygen evolving complex (OEC) of Photosystem II catalyzes the splitting of water into molecular 
oxygen and hydrogen during photosynthesis. The use of light by Photosystem II and the OEC to provide 
the energy to split water has resulted in the motivation to harness light for solar-powered hydrogen 
production in pursuit of alternative renewable energy sources. While photosynthesis is well-studied, much 
is still unknown about the mechanism of the OEC. The OEC consists of a metallocluster containing four 
low-coordinate manganese ions in high oxidation states. Current molecular models consist of manganese 
metalloclusters in high oxidation states with 6-coordinate ligands, leaving no room for water ligation. 
While the OEC contains Mn atoms bridged by oxides, this research uses imides as bridging ligands due 
to their ease of steric group modification. The protolysis of secondary amides by primary amines on 
compounds such as [Mn(NR2)2] (R=SiMe3) (1) results in dinuclear complexes with bridging amide ligands. 
Further oxidation to imido-clusters is the current goal. The reaction of 1 with aniline produced bis[ɛ-
phenylamidotetrahydrofuran bis(trimethylsilyl)amido manganese(II)] (2). Several oxidation methods have 
been employed with promising results, and characterization of the resulting putative Mn(III)-imide 
products will be discussed. Additionally, 2 has been identified as an intermediate in a reaction consisting 
of 1 with N,N'-diphenylhydrazine that results in an amido-cluster, Mn4(ɛ3-N2Ph2)2(ɛ-N2Ph2)(ɛ-
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HNPh2)2(THF)4 (3). This novel entry into low-coordinate clusters provides new possibility for development 
of a new class of low-coordinate biomimetic models of the OEC. 

INOR 134 

Synthetic N3O and N2O ligand complexes as potential enzyme models 

Suzanne E. Sherman
(1)

, sherman@ncf.edu, 5800 Bay Shore Rd., Sarasota FL 34239, United States . (1) 
Division of Natural Sciences, New College of Florida, Sarasota FL 34239, United States  

Many metalloenzymes and metal-activated enzymes utilize cis or fac coordination sites on the metal to 
bind substrate and effect catalytic transformations. For example, oxalate oxidases and oxalate 
decarboxylases contain manganese bound to three facial histidine residues, one glutamate, and two cis 
water molecules. The coordinated water molecules are likely displaced by substrates during catalysis. To 
structurally model the active sites of such enzymes, research with undergraduates in my laboratory, and 
in collaboration with the Pecoraro laboratory at the University of Michigan, has focused on the synthesis 
of several N3O and N2O multidentate ligands, with the goal of achieving adjacent coordination sites bound 
by exchangeable solvent molecules. Metal complexes of 1,4,7-triazacyclononane-1-acetate, 1,4-
diisopropyl-1,4,7-triazacyclononane-1-acetate, and N,N-bis(3,5-dimethylpyrazolyl methyl)glycinate were 
synthesized. The complexes were characterized by x-ray crystallography and other methods. Applications 
of these complexes to modeling the active sites of manganese oxalate-degrading enzymes and the CO2-
fixing magnesium activated enzyme, rubsico, will be discussed. 
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Rational ligand design for the investigation of SOD reactivity 

William C. Grau
(1)

, bgrau03@gmail.com, 1 Grand Ave., San Luis Obispo CA 93407-0402, United States ; 
Philip J Costanzo

(1)
, pcostanz@calpoly.edu, 1 Grand Ave, San Luis Obispo CA 93407-0402, United 

States ; Matthew C. Mackenzie
(1)

; Samuel I. Mann
(1)

; Mallory L. McMahon
(1)

; Chad E. Immoos
(1)

. (1) 
Department of Chemistry and Biochemistry, California Polytechnic State University, San Luis Obispo CA 
93407-0402, United States  

Metal-based catalysts have proven to be particularly useful in many pharmaceutical and industrial 
processes. Optimization of these methodologies relies on the ability to modify the metal-ligand properties 
in a systematic fashion. Employing simple imine and ñClickò chemistry, a library of ligand systems were 
prepared. A diverse set of alkyne building blocks with different aliphatic and aromatic backbones and 
various donor groups were employed to alter the electronics of various ligand systems. The prepared 
ligands were then utilized to prepare Mn complexes to replicate superoxide dismutase (SOD) active sites, 
and the resulting SOD activity was explored. The synthesis of these ligands, as well as their metals 
complexes, will be presented. Preliminary data on the reactivity of metal catalysts will also be presented. 

INOR 136 

Bimetallic gold catalyzed oxidative couplings: Is two better than one? 

Ekaterina Tkatchouk
(1)

, ekat@caltech.edu, 10456 tennessee, Los Angeles California 90064, United 
States ; Diego Benitez

(1)
; William E. Brenzovich Jr

(2)
; Aaron D. Lackner

(2)
; Hunter P. Shunatona

(2)
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A Goddard III
(1)

; Dean Toste
(2)

. (1) Division of Chemistry and Chemical Engineering, California Institute of 
Technology, Pasadena California 91125, United States (2) Department of Chemistry, University of 
California, Berkeley, Berkeley California 94720, United States  

Using DFT computations, we propose that binuclear Au(II)-Au(II) are key intermediates in Au catalyzed 
oxidative C-C coupling reactions. While it is tempting to invoke a mechanism for reductive elimination 
similar to that proposed for other transition metal complexes, our experimental and DFT studies suggest 
that the key CïC bond forming reaction occurs via a bimetallic reductive elimination process.   
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     The reaction is proposed to 
proceed via a redox cycle involving the initial oxidation of mononuclear gold(I) to binuclear gold(II) with 
Selectfluor®. Ligand and halide effects played a dramatic role in the development of an exceptionally mild 
catalyst system for addition to alkenes, suggesting that these in situ generated binuclear gold(II) 
complexes may allow for activation of bonds previously unreactive towards their cationic gold(I) 
counterparts. We also studied the mononuclear monometallic reductive elimination as comparison for the 
binuclear bimetallic case. Using the M06 functional, we predict a ~15 kcal/mol advantage for bimetallic 
(vs. monometallic) Au reductive elimination. 

INOR 137 

Catalytic epoxidation of terpenes 

Typhène Michel
(1)

, typhene.michel@ch.tum.de, Lichtenbergstrasse 4, Garching Bavaria 85747, 
Germany ; Jia Y Kwang

(1)
; Daniel Betz

(2)
; Mirza Cokoja

(2)
; Fritz E Kühn

(1)(2)
. (1) Department of Chemistry, 

Chair of Molecular catalysis, Technische Universität München, Garching Bavaria 85747, Germany (2) 
departement of chemistry, Chair of Inorganic Chemistry, Technische Universität München, Garching 
Bavaria 85747, Germany  

Terpenes, such as limonene, Ŭ-pinene or camphene, are important ingredient of flavoring plants. They 
are mainly used in fine chemistry and more particularly to synthesize flavor and fragrance compounds. 
The drug industry also employs monoterpenes as starting materials. Their epoxide derivatives are also of 
interest, e.g. Ŭ-pinene oxide is used to synthesize campholeic aldehyde, an intermediate in the synthesis 
of sandalwood fragrance. There are few reports on the catalytic terpene epoxidation in homogeneous 
phase, and they encounter several synthetic problems, such as the ready conversion of terpene oxides to 
corresponding diols during the catalysis. In a comparative study, we present the epoxidation of 
monoterpenes catalyzed by methyltrioxorhenium and several molybdenum complexes, as well as the 
examination of the ideal reaction conditions. The optimization of the reaction conditions is conducted by 
investigating the impact of the oxidant (H2O2, UHP and tert-butylhydroperoxide), solvent effects and the 
influence of various Lewis base additives. 

INOR 138 

Ruthenium complexes with a chelating pyridinyl alcoholate ligand 

José Cabrera
(1)

, jose.cabrera@carla-hd.de, Im Neuenheimer Feld 584, Heidelberg Baden-Württemberg 
69120, Germany ; Jörg A. Schachner

(1)
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. (1) 

CaRLa - Catalysis Research Laboratory, Heidelberg 69120, Germany (2) Molecular Modeling, GKC/M - 
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G200, BASF SE, Ludwigshafen 67056, Germany (3) Basic Chemicals Research, GCB/C - M313, BASF 
SE, Heidelberg 69120, Germany  

Grubbs type ruthenium complexes have found wide application in metathesis reactions. However, the 
development of new and latent catalysts for industrial applications remains a challenge. We targeted on 
longevity and latency, properties, which are e.g. observed for the first and second generation catalysts of 
former CIBA company, now BASF. This goal has been achieved by replacing one phosphine with a 
chelating pyridinyl alcoholate ligand. We present an improved synthetic protocol to these complexes, 
which to a certain extent have also been described by others, and compare their activity to commercially 
available state-of-the-art catalysts in ROMP, CM and RCM reactions. In all of the mentioned reactions 
there is at least one of our catalysts as potent as the state-of-the-art catalyst. Furthermore, we discuss the 
mechanism on the basis of DFT and experimental results. Contrary to the accepted mechanism, our 
investigations point to a different mode of initiation. 
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Hydrosilylation catalysis with first-row transition metal complexes 

Jian Yang
(1)

, jiany@berkeley.edu, Tan Hall 581, Berkeley CA 94720, United States ; Meg Fasulo
(1)

; T. 
Don Tilley

(1)
. (1) Department of Chemistry, University of California, Berkeley, Berkeley CA 94720, United 

States  

Hydrosilylation of carbonyl groups is an often practiced synthetic transformation, and combines in single 
step the reduction of carbonyl functions with alcohol protection. The most common catalysts for this 
reaction are based on rhodium, ruthenium as well as other second and third-row transition metals. 
However, the economic drawbacks associated with those metals have drawn considerable attention on 
the design of new catalysts based on the more abundant and less expensive transition metals. We now 
describe in this presentation our recent efforts in the discovery and development of first-row transition 
metal complexes for hydrosilylation catalysis. 
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Catalytic Feïmediated CïH bond amination and olefin aziridination 

Elisabeth Hennessy
(1)

, ethennessy@gmail.com, 85 Prescott St, Apt 25, Apt 25, Cambridge MA 02138, 
United States ; Theodore Betley
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University, Cambridge MA 02138, United States  

Catalytic, intermolecular CïH bond amination and olefin aziridination has been achieved via the 
decomposition of organoazides in the presence of a ferrous dipyrromethene catalyst. The reaction 
showcases the ability of Fe to facilitate group transfer chemistry to benzylic, allylic, and alkyl CïH bonds 
and styrenyl C=C bonds. A series of mechanistic studies have suggested that the reaction is believed to 
proceed via an Hïatom abstraction/radical rebound mechanism likely mediated by an Fe

III
ïNitrogen 

radical intermediate. 
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Selectivity in di-Ru-catalyzed nitrenoid reactions on bishomoallylic sulfamates: Allylic C-H 
insertion vs aziridination 

Djamaladdin Musaev
(1)

, dmusaev@emory.edu, 1515 Dickey dR, Atlanta GA 30322, United States ; 
Justin Du Bois

(2)
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(2)
. (1) Department of Chemistry, Emory University, Atlanta GA 30322, 

United States (2) Department of Chemistry, Stanford University CA 94305, United States  

We report the mechanisms and factors controlling the allylic amine and aziridine formation in [Ru2(hp)4Cl], 
1, (where hp = hydroxypyridinato) and [Ru2(esp)2(SbF6)], 2. For complex 1, it was found that: (i) Allylic 
amine formation from 1-NSO2OR, 1.a, proceeds via DH=14.82(DG=16.74) kcal/mol energy barrier and 
leads to the diradical, intermediate, which later converges to amine complex with a small energy barrier. 
The overall process is calculated to be an exothermic by 70.48(65.38) kcal/mol; (ii) Aziridination of the 1.a 
occurs via a slightly higher, DH=15.81(DG=18.0) kcal/mol, energy barrier and leads to the (via a radical 
pathway) aziridine complex. Thus, the energy barrier required for allylic amine formation from 1.a is 0.99 
(1.26) kcal/mol smaller than that for aziridine formation. For the 2, the energy barrier required for allylic 
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amine formation from 2-NSO2OR, 2.a, is by 0.25 (0.28) kcal/mol larger than that for aziridine formation. 
We analyzed the factors controlling selectivity of these reactions and made predictions. 
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Chelate phosphine linkers with long alkyl chains: Sonogashira and rhodium catalysts immobilized 
on oxide supports 

Janet Bluemel
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States ; Johannes Guenther

(1)
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Immobilized catalysts ideally combine the recyclability of heterogeneous catalysts with the activity and 
selectivity of homogeneous systems (Coord. Chem. Rev. 2008, 252, 2410). Silica and alumina are 
favorable supports due to their mechanical stability. Here, we present novel triphosphine linkers, each 
incorporating three long alkyl chains (C4,7,11). They can be bound to the support via ethoxysilane or 
phosphonium groups. The new linkers provide the additional advantages of straightforward syntheses 
and chelating metal coordination, which reduces the leaching of the complex. The alkyl chains lead to a 
balloon-shaped surface-bound system, which prevents catalyst deactivation by dimerization or contact 
with the reactive oxide surface. Classical CP/MAS and HRMAS suspension NMR are used to investigate 
the nature and mobility of the surface-bound ligands. The first surprising results on Rh complexes and the 
Sonogashira catalyst system, immobilized by the new linkers, will be presented. 
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Highly regioselective reactions of [Cp*Rh(H2O)3](OTf)2 with peptides, Leu-Enkephalin, 
neurotensin, octreotide, and an autophosphorylation sequence of the epidermal growth factor 
receptor, in water, as a function of pH 
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Chemistry and Biochemistry, Ruhr-University Bochum, Bochum 44780, Germany  

We wish to present a new paradigm for the bioconjugation of biologically important peptides to an 
organometallic aqua complex, in water, as a function of pH. Our approach was to study the reactive sites 
in a series of peptides, including, leu-enkephalin, 1, neurotensin, 2, octreotide, 3, and a 
autophosphorylation sequence of the EGF receptor, 4. Thus, reactions of the above mentioned peptides, 
1-4, with [Cp*Rh(H2O)3](OTf)2 were studied, and in the case of peptides 1-2, highly regioselective 
reactions with the tyrosine amino acid occurred to provide the ɖ

6
-Cp*Rh-tyrosine peptide complexes; for 

example, at pH 5.5, peptide 1, an opiate receptor peptide, blocked at the amino (acetyl) and carboxyl 
(amide) groups, gave a quantitative yield of 5.  However, if a histidine amino acid was competing with a 
tyrosine, peptide 4, the selectivity was now the ɖ

1
-N-Cp*Rh-histidine complex. We will present the scope 

of these facile aqueous organometallic reactions. 
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Cyclopentadienyl cobalt(I) arene complexes: Catalysts for sp
3
 bond activation and 

functionalization 

Christopher A Bradley
(1)

, chris.bradley@ttu.edu, Box 41061, Lubbock TX 79409-1061, United States ; 
Fernando Hung-Low

(1)
. (1) Texas Tech University, United States  

Access to 14 electron cobalt(I) centers could provide potent oxidants useful for the activation of C-H 
bonds and would be an ideal substitute for precious metals (i.e. Rh and Ir) involved in hydrocarbon 
functionalization. To this end, our group has targeted the study of cyclopentadienyl cobalt arene triple 
decker complexes as ready sources of the desired low electron Co(I) fragment. The arene complexes 
serve as competent catalysts in the activation of sp

3
 C-H bonds of silyl amine protected substrates at 

ambient temperature. Kinetics studies permit comparison between this new catalyst and a related system 
developed previously by Brookhart and coworkers, establishing the arene complexes as more labile 
forms of Co(I). An evaulation of substrate and solvent scope will be presented, along with attempts to 
isolate mimics of potential intermediates in the catalytic cycle. Reactivity of these cobalt arene catalysts in 
sp

2
 C-H activations and functionalizations will also be discussed. 
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Award Address (Charles Lathrop Parsons sponsored by the ACS). Starting and running your own 
chemical company: The entrepreneurial experience 

Mike Strem
(1)

, mstrem@strem.com, 7 Mulliken Way, Newburyport MA 01950-4098, United States . (1) 
Strem Chemicals, Inc, Newburyport MA 1950-4098, United States  

What is it like to start and run your own chemical company immediately after finishing graduate school? 
Mike will discuss how he did this and will include the technology behind the start-up as well as the 
entrepreneurial aspects that were involved. He will also discuss the historical progression of the company 
as well as his suggested hints for making the company successful. He will also present his community 
service activities and the value he saw in doing those activities. 
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Polymers don't have to be cheap: Commercialization of "academicò materials 

Timothy M Swager
(1)

, tswager@mit.edu, Room 18-597, Cambridge MA 02139, United States . (1) 
Department of Chemistry, Massachusetts Institute of Technology, Cambridge MA 02139, United States  

I entered graduate school in the early 1980s after a decade wherein polymers were viewed as THE way 
to cheaply replace expensive metal parts in almost every consumer product. However, with the recent 
demonstration of high conductivity in organic polymers, key reputable chemists became interested and 
electronic/exotic polymers entered the mainstream of chemistry academics. I benefited from this new 
interest because chemistry departments were looking for Assistant Professors with materials expertise. 
The first attempts at commercialization of electronic polymers based upon their conductive and redox 
properties (batteries in particular) had failed by the late 1980s and industrial interest was short lived. 
Fortunately a second wave of commercial interest came from the realization that some electronic 
polymers displayed both strong fluorescence and semiconductive properties (something silicon didn't 
offer). These electro-optical properties established the commercial potential of these materials. I will detail 
my group's research role in the commercialization of conjugated polymer-based sensors. The key aspect 
that enabled this success is the ability to create inexpensive chemical sensors with unprecedented 
sensitivities. I will also highlight some additional ongoing commercialization efforts of materials for other 
specialty applications. 
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Thoughts on Mike Strem, educator, entrepreneur and citizen 

William F Carroll
(1)

, bill_carroll@oxy.com, 5005 LBJ Freeway, Suite 2200, Dallas TX 75244, United 
States . (1) Occidental Chemical Corp, Dallas TX 75244, United States  

Few people exhibit the qualities that make it logical to even consider them for the Charles Lathrop 
Parsons award; precious few are obvious choices. This talk will focus on the value of education, 
entrepreneurship and public service to the Society and to the infrastructure of society at large, in the 
context of Mike Strem. There might also be a story or two. 
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Fuel from sunlight and water 

Harry B Gray
(1)

, hbgray@caltech.edu, 1200 E California Blvd, Pasadena California 91125, United States 
. (1) Department of Chemistry, California Institute of Technology, Pasadena California 91125, United 
States  

The sun is a boundless source of clean energy, but it goes down every night. We and many others are 
trying to design solar-driven molecular machines that could be used on a global scale to store solar 
energy by splitting water into its elemental components, hydrogen and oxygen. Hydrogen is a clean fuel 
that could be used directly or combined with carbon dioxide to produce methanol, a liquid fuel. We are 
working on rugged light absorbers and catalysts made from Earth abundant materials that have the 
potential to split water as efficiently as natural photosynthesis. We have recruited hundreds of students to 
join a Solar Army whose mission is the discovery of brand new metal-oxide catalysts for our solar water 
splitters. 
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Understanding the regulatory mechanisms for heme a synthase  and its implications for 
cytochrome c oxidase assembly 
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Heme a synthase, an inner mitochondrial membrane protein, synthesizes heme a for insertion into 
cytochrome c oxidase (CcO). Without proper heme insertion, CcO fails to assemble. We have shown that 
yeast heme a synthase, Cox15, exists in high molecular weight protein complexes. Current research is 
revealing that these complexes contain multiple copies of Cox15. While our preliminary evidence 
suggests that Cox15 may exist in a homo-oligomeric complex, further studies suggest that specific 
respiratory proteins may play a critical role in Cox15 complex stabilization. Goals for future research aim 
to determine if the formation of the Cox15 complex is necessary for the catalytic activity of Cox15 and to 
determine the role protein-protein interactions may play in the formation and stability of the complex. 
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Streptococcus pyogenes heme uptake pathway 
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Heme is a source of iron for the bacterium Streptococcus pyogenes. It is taken up in part by an ABC 
transporter (Sia or Hts pathway), which in turn obtains heme from the Shr and Shp proteins. We are 
studying the factors that control binding of the heme in the SiaA protein; data will be reported on a series 
of mutants. Detailed studies of the guanidinium-induced denaturation of C58A show that the protein 
unfolds very slowly, with changes seen for a number of days after the addition of guanidine hydrochloride. 
The pKa values of the mutants range from 9.0 to 9.4, close to that of WT (9.7). The two NEAT domains of 
Shr behave similarly in many respects. However, NEAT2 undergoes facile autoreduction as the pH 
increases. 
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Heme transport, iron red-ox state, and attachment to cytochrome c in the system I cytochrome c 
maturation pathway 
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The heme handling proteins (HHPs) are a superfamily of integral membrane proteins characterized by a 
conserved tryptophan-rich region (the WWD domain) at the outer surface of the inner membrane. Two 
founding members of this family (CcmC and CcmF) are involved in cytochrome c maturation (ccm, or 
system I) in prokaryotes, plants and protozoa. In system I, endogenously synthesized heme enters the 
WWD domain of CcmC, where it covalently attaches to the heme chaperone CcmE. ATP hydrolysis by 
CcmAB, in complex with CcmC/D, drives release of holoCcmE to CcmF/H. The CcmF/H integral 
membrane complex mediates covalent attachment of the heme to apocytochrome. Released holoCcmE 
contains oxidized heme (Fe

3+
), but reduced heme (Fe

2+
) is required for attachment to apocytochrome. We 

discovered a conserved b-type heme in CcmF, suggesting a role for CcmF in reducing the heme from 
holoCcmE. We elucidate the b-heme site in CcmF and explore other functional domains. 
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Toward understanding the structural basis of chlorite decomposition catalyzed by the heme 
enzyme, chlorite dismutase 
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While O2 activation is central to aerobic respiration, anaerobes have found ways to perform oxidation 
chemistry and respiratory energy transduction in the absence of O2. Under anaerobic conditions, 
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Dechloromonas aromatica RCB uses ClO4
ī
 or ClO3

ī
 as a terminal electron acceptor. The first two steps in 

the proposed pathway for complete ClO4
ī
 reduction in D. aromatica RCB are the sequential reductions of 

ClO4
ī
 to ClO3

ī
 and ClO3

ī
 to ClO2

ī
. They are catalyzed by perchlorate reductase (PerR), a close homolog 

of bacterial nitrate reductases. Accumulation of ClO2
ī
 is toxic to the microbe so the third step serves as a 

detoxification step in which ClO2
ī
 is converted to the relatively innocuous chloride ion and O2. This 

reaction is catalyzed by the heme-containing enzyme chlorite dismutase (Cld). The active site of Cld 
harbors two pH sensitive moieties. The acid-base chemistry of one of them, the heme, is directly 
observable by spectroscopic probes, including UV-visible absorbance spectroscopy and resonance 
Raman spectroscopy. The other, Arg183, is not directly observable. Its effects are manifest in the pH 
dependence of the enzyme activity and the resonance Raman signatures of bound exogenous ligands. 
With the goal of elucidating structurally and mechanistically relevant nonbonding interactions between the 
distal Arg183 and ligands bound to the heme iron, a spectroscopic study of two Arg183 mutants has been 
carried out. This poster will present spectroscopic results that speak to the the pH dependencies of those 
interactions in the ferric and ferrous forms of Cld(WT), Cld(R183K) and Cld(R183Q). The results are 
discussed in the context of an emerging mechanistic model for catalytic ClO2

ī
 decomposition. 
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Modified heme peptides as components of systems for solar energy conversion 
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Nature makes use of tetrapyrrole-based chromophores complexed with protein as light-harvesting agents 
in solar energy conversion. Inspired by nature's approach, we are designing and preparing porphyrin-
peptide conjugates for use in solar-energy conversion. Heme peptides are expressed in E. coli by making 
make use of the cytochrome c maturation apparatus that covalently attaches heme to Cys-X-X-Cys-His 
motifs. Heme iron is then replaced with zinc, resulting in photoexcitable electron donors. The peptides are 
designed to optimize binding to nanotubes, the intended electron acceptor for long-range charge 
separation. An ultimate goal is to utilize the porphyrin-peptides in devices for the photogeneration of 
hydrogen as a clean energy carrier. 
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Oxygen independent photocleavage of DNA using a Ru(II) polypyridal complex 
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Visible light irradiation of [Ru(phen)2(phendione)]
2+

 (phen = 1,10-phenanthroline; phendione = 1,10-
phenanthroline-5,6-dione) leads to DNA nicking in an oxygen independent manner, as determined by 
plasmid cleavage assays under aerobic and anaerobic conditions. Cleavage assays in the presence of 
the radical quenchers, DMSO and TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl), suggest a carbon based 
radical is involved in the cleavage mechanism, as only TEMPO attenuates the cleavage activity. 
Electrochemistry, EPR, and UV-Vis spectroscopy were used to further investigate the cleavage 
mechanism. EPR results suggest the generation of a semiquinone radical upon the photoexcitation of the 
MLCT band in [Ru(phen)2(phendione)]

2+
. NMR results confirmed that the final ruthenium product is 

[Ru(phen)2(phendiol)]
2+

 (phendiol = 1,10-phenanthroline-5,6-diol). This paper will present these and 
additional mechanistic data of the cleavage mechanism and the potential applications of this system in 
photodynamic anti-cancer therapy. 
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Observing differences in guanine oxidation rates and yields by several metallointercalators 
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Oxidative damage in genomic DNA can lead to adverse physiological conditions such as cancer and 
aging. In order to better understand the factors affecting the oxidation of DNA, we have constructed 
covalent conjugates between DNA and the metallointercalators Rh(phi)2(bpy)

3+
, Ir(ppy)2(dppz)

+
, and 
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Re(CO)3(dppz)(py)
+
 (phi = 9,10-phenanthrenequinone diimine; bpy = 2,2'-bipyridine; ppy = 2-

phenylpyridine; dppz = dipyrido[3,2-a:2',3'-c]phenazine). The reduced state of each complex was 
characterized by spectroelectrochemistry, and the kinetics of the excited and reduced states of the metal 
complexes in the DNA conjugates were followed by emission and transient absorption spectroscopies. 
The yields of guanine damage resultant upon photoexcitation of the three conjugates were also 
compared. All three complexes are capable of oxidizing guanine upon irradiation, and time-dependent 
spectral profiles of the three conjugates closely resemble the reduced state spectra obtained by 
spectroelectrochemistry. These results together suggest that DNA oxidation occurs concomitantly with 
reduction of the metal complexes by a DNA-mediated mechanism. 
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Tapping-mode AFM analysis of ɚ-DNA cisplatin complexes 
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Tapping-mode atomic force microscopy (AFM) is a powerful tool for the analysis of biomolecules on 
surfaces. We are interested in observing changes in the conformation of DNA upon coordination with 
metal complexes. Surfaces suitable for the immobilization of DNA were prepared by vapor phase 
deposition of 3-aminopropyltriethoxy silane (APTES) on freshly cleaved mica in the presence of N,N-
diisopropylethylamine (DIPEA). AFM images in air of ɚ-DNA alone were compared to AFM images of ɚ-
DNA complexed with activated and non-activated cisplatin. Once DNA complexes with cisplatin, it 
develops microloops. The extent of looping and formation of globules depends on the concentration of 
DNA, the concentration of cisplatin, whether the cisplatin has been activated by reaction with silver 
nitrate, and the incubation time. This project was supported by National Science Foundation grant DUE-
0633186. 
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Conjugation of mismatch-specific rhodium metalloinsertors 
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Conjugation of carrier molecules to inorganic metal complexes provides a means of improving cellular 
uptake for the delivery of molecular agents into a cell. These studies focus on conjugating arginine-rich 
peptides to rhodium metalloinsertors using both cleavable and traceless linker strategies and exploring 
the activity in isogenic cell lines derived HCT116, in which one cell line has a defective mismatch repair 
(MMR) machinery. Investigations of tether length on differential activity provide the maximum the size of 
the linker region that maintains the desired biological activity without interfering with binding to 
mismatches in DNA. Second generation conjugates containing a traceless-linker region and their effects 
on differential activity as a function of MMR proficiency are described. 
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Synthesis and characterization of group 8 pianostool complexes and their reactivity towards 
nucleobases 
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Transition metal complexes of the form [MClx(arene)(PTA)y] (M = ruthenium, osmium, or rhodium, arene = 
p-cymene, benzene, or pentamethylcyclopentadiene, Cp*, PTA = 1,3,5-triaza-phosphatricyclo[3.3.1.1], 
and x = 1 or 2 and y = 2 or 1, respectively), were synthesized and reacted with the DNA models 
guanosine 5' - monophosphate (5'-GMP) and cyclic guanosine 3',5'-monophosphate (cGMP). Complexes 
[RuCl2(p-cymene)(PTA)] (1), [RuCl2(benzene)(PTA)y] (2), [OsCl2(p-cymene)(PTA)] (4) and 
[RhCl2(Cp*)(PTA)] (5) displayed binding at the N7 site on 5'-GMP as well as evidence of a dimeric 
compound. Complexes [RuCl(Cp*)(PTA)2] (3) and [RhCl(Cp*)(PTA)2] (6) did not bind to 5'-GMP. Similar 
experiments with cGMP found preferential binding of (1), (2), and (4) to the N7 site, minor binding of (3) to 
the N7 site, and binding of (5) to the N7 site which disappeared over time. 
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Oxidative DNA-protein crosslinking in B-DNA and quadruplexes 
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Oxidative DNA damage contributes to aging, cancer, and other degenerative diseases. Guanine is 
particularly susceptible to oxidation, creating guanine radicals which form adducts to proteins. This project 
investigates whether oxidative DNA-protein crosslinking depends on DNA secondary structure. 
Quadruplex and B-DNA duplexes were synthesized, and the 3' end of the G-rich strand was fluorescently 
labeled. DNA-protein crosslinks were created using the flash-quench technique and evaluated using gel 
shift assay. Native agarose and polyacrylamide gels indicated that quadruplex DNA does crosslink, but 
less efficiently than B-DNA; this difference was less pronounced in denaturing polyacrylamide gels. Time-
resolved emission quenching experiments revealed comparable quenching efficiencies for quadruplex 
and B-DNA. Transient absorption studies compared absorbances at 390 nm and 700 nm to reveal the 
presence of the neutral guanine radical in both quadruplex and B-DNA. Circular dichroism and thermal 
denaturation studies are underway.  This indicates a dependence of guanine radical reactivity on DNA 
secondary structure. 
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Biomedical applications of targeting platinum conjugates to DNA secondary structural motifs 
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Platinum conjugates are being designed that contain carrier molecules targeted at specific DNA 
secondary structural motifs, including the minor groove of B-form DNA and the human telomeric G-
quadruplex. Such molecules have applications as non-classical platinum drugs in cancer chemotherapy 
and as chemical probes of DNA structure and conformation. Towards this end, the following compounds 
have been designed: minor-groove binding dipyrroleïtripeptides and quadruplex binding ligands, 
including perylenes and substituted acridines. Recognition of DNA by these agents is being studied by 
analytical methods, such as electrospray mass spectrometry, as well as gel-based assays. The formation 
of irreversible platinum adducts within the human telomeric G-quadruplex has potential applications in 
probing the role of uncontrolled telomerase-catalyzed strand elongation, which is responsible for the 
unlimited proliferative potential of cancer cells. The design, synthesis, DNA binding studies, and biological 
activity of these novel platinum conjugates will be discussed. 
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ATP dependent DNA charge transport by the helicase XPD 
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Nucleotide Excision Repair (NER) is a vital process in maintaining the integrity of the genome. One of the 
proteins that is essential for the repair of the genome is the helicase XPD. A recent crystal structure of 
XPD from Sulfolobus Acidocaldarius indicated the presence of a [4Fe-4S] cluster. We have determined a 
reversible DNA bound potential of this cluster by using DNA modified electrodes containing a single 
stranded 5' overhang. The cluster is sensitive to ATP hydrolysis, and upon hydrolysis exhibits an increase 
in coupling with the DNA p-stack. Finally, we have identified an ATPase deficient mutant, which maintains 
the redox active clusteras well as a mutant that has improved coupling of its cluster to the DNA. 
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Ru(bpy)2(Me2chrysi)
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: A fluorescent reporter of DNA mismatches 
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DNA base mismatches arise as a result of compromised mismatch-repair (MMR) pathways. Thus, 
efficient detection of DNA mismatches allows diagnosis of MMR deficiency. To this end, a fluorescence-
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based system would give fast and sensitive responses. Among mismatch recognition agents, 
Rh(bpy)2chrysi

3+ 
has been shown to bind to DNA base mismatches with high affinity and specificity. This 

complex is not luminescent, nor is its ruthenium analogue, Ru(bpy)2chrysi
2+

. However, in a glass at 77K, 
Ru(bpy)2chrysi

2+ 
becomes luminescent, with an emission profile similar to that of Ru(bpy)3

2+
. Thus, we 

have methylated the chrysi ligand in an effort to minimize room temperature quenching of the 
luminescence. The resultant complex, Ru(bpy)2(Me2chrysi)

2+
, is expected to have similar mismatch 

binding characteristics to Rh(bpy)2chrysi
3+

, which will make it a potential fluorescent reporter of DNA 

mismatches.    
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Metalloliposomes that release contents upon redox- and ligand-exhange reactions on lung tissue 
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Tissue-specific drug-delivery systems have attracted considerable attention in recent years, in particular 
for the delivery of oligonucleotides such as DNA or RNA. There are many examples in the literature 
where pH triggers the release of contents in tissues. We are working on delivery systems with redox 
reactions and ligand-exchange events, which will trigger the release of contents on epithelium in the lung 
tissue. These materials may have applications in the delivery of siRNA drugs into the lungs via aerosol 
delivery. We will present the synthesis, characterization and biological evaluation of Cu(II) and Zn(II) lipid 
complexes that release their content upon redox- and ligand-exchange reactions, respectively. Data from 
Dynamic Light Scattering, Transmission Electron Microscopy, and the delivery of fluorescently labeled 
DNA strands into cell models will be presented. 
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Anthracenyl terpyridine complexes: Chemotherapeutic effect due to DNA cleavage 
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Nature has devised intricate methods to introduce metal ions as cofactors into the proteins, which are 
involved in various functions as enzymes, signal transduction proteins and storage proteins. Acquisition of 
the correct metal by a metalloprotein requires the aid of metallochaperones, metal sensors, along with 
metal transporters and metal storage proteins which play an important role to supply the specific metal 
ions. Metal complexes play an important role in understanding of molecular biology and modification of 
various biomolecular structures like DNA and protein. The ability of metal complexes to cleave DNA has 
widespread application as chemotherapeutic agent, model compounds, synthesis of restriction enzymes 
and understanding the structure-function relationship of nucleic acids. Cis-platin is an example of widely 
used DNA intercalating metallodrug for the treatment of cancer. In spite of that, challenges remain to 
overcome side-effects, toxicity to normal cells, targeted delivery, resistance upon prolonged usage and 
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cancer specificity. Our work in this area has focused on the use of anthracenyl terpyridine complexes of 
various metals because of their antitumor properties shown earlier. In this presentation, the DNA binding 
and cleavage properties and chemotherapeutic potential of these complexes will be discussed. 
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Toward establishing the mechanism of DNA cleavage by the redox-active ruthenium dimer, 
[(phen)2Ru(tatpp)Ru(phen)2]
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 (P
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) 
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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 a H atom from the 

deoxyribose unit in DNA, leading to DNA cleavage. In this paper, we describe our results of an analysis of 
the scission products formed by the degradation of poly dA-T, calf thymus and PUC 18 DNA, by P

4+
 and 

GSH under aerobic and anerobic conditions.     1. Janaratne, T. K.; Yadav, A.; Ongeri, F.; MacDonnell, F. 
M., Preferential DNA Cleavage under Anaerobic Conditions by a DNA-Binding Ruthenium Dimer. 
Inorganic Chemistry 2007, 46, (9), 3420-3422. 
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Beamline 11.3.1 at the advanced light source: Small crystals, big results! 
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On beamline 11.3.1 at the Advanced Light Source, x-ray crystallography is revealing the secrets of 
weakly diffracting, small crystals that would yield little useable data on a laboratory source. An X-ray 
beam with 10

3
 more intensity than a sealed tube is making them talk. Many exotic experiments that 

investigate properties and reactions are also available; variable temperature, gas environment, excitation 
with light, pressure and wavelength are all variables that can be added onto a structure determination. 
The possible experimental temperature can be anywhere between 90 ï 500K, which has allowed us to 
study phase changes crystallographically. An environmental gas cell is now available for investigations 
into gas adsorption and metal center coordination. Photocrystallography can illuminate the geometry of 
photo-excited states. High pressure and anomalous dispersion experiments are also possible. Single 
crystal experiments on inorganic compounds will be the primary focus of this presentation. 
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nucleophilic substrates 
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The reaction of corannulene, C20H10, with a set of halogenated hydrocarbons in the presence of AlCl3 

affords the products of an electrophilic attack to the interior carbon atom of the curved polyaromatic 
surface. The resulting surface-functionalized corannulene cations, C20H10R

+
 (R = CH3, CH2Cl, CHCl2), 

exhibit a very characteristic splitting pattern in their 
1
H NMR spectra, thus allowing to monitor these 

reactions in solution. Furthermore, it was demonstrated that these thermodynamically stable carbenium 
species are reactive toward different donor substrates such as alcohols, amines, THF, and ketones. The 
detailed 

1
H NMR study of the reaction products of several halogenated carbocations with ethanol and 

phenylamine revealed the formation of new surface-decorated corannulene species with unprecedented 
intramolecular interactions. 
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Synthesis and characterization of high-valent dicubane [Mn4(µ
6
-N)(NBu

t
)7{Li3 X(NBu

t
)3}](X=52% Li, 

48% Mn=N) core stabilized by multiple imide ligation 
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Heterocubanes of the manganese-imdio bridged compound with chemical formula [Mn4 (µ
6
-N){(m3-

NBu
t
)7(NBu

t
)}{Li3X(m3-NBu

t
)3}] (1) (X=52% Li, 48% Mn=N) have been synthesized by one pot synthetic 

methods under anaerobic conditions. In the dicubane imido bridged cores, the manganese cubane moiety 
has m3-tertiary butyl imide ligation on its seven corners and its eighth corner shared with adjacent cubane 
through µ

6
 -Nitride bridge. The adjacent cubane has three m3-tertiary butyl imide bridging in which the 

fourth corner is occupied by either Mn=N or Li. Spectroscopic studies like IR, ESI-MS, UV, NMR of 
compound 1 are consistent in solution phase to that of solid state structure analyses. Compound 1 
possesses 4-coordinate metal centers and provides precident for the future isolation of {Mn4Ca} 
tetrameric clusters existing in the natural photosynthetic OEC (oxygen evolving complex) system. 
Compound 1 is the first report of high valent first cluster with nuclearity > 3 with four coordinate 
manganese. The dicubane compound 1 is uniquely characterized by presence of metal nitride bonds as 
well as multiple imide coordination sites.                  Ball and stick model of compound 1 
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Nature employs a low coordinate manganese complex to oxidize water and use it as an electron source 
for photosynthesis. Inspired by this natural chemistry, numerous six-coordinate manganese and 
ruthenium based compounds have been reported as biomimetic catalysts. We present here a study of 
manganese cluster chemistry with biologically relevant 4-coordinate metal centers. Reaction of a 5:4 ratio 
of N,N'-diphenylhydrazine (1) and Mn[N(Si(CH3)3)2]2 (2) in a 5:1 solution of pentane and THF results in a 
black solution within five minutes, and slowly turns yellow as orange crystals precipitate. The orange 
crystals were identified as Mn4(ɛ3-N2Ph2)2(ɛ-N2Ph2)(ɛ-HNPh2)2(THF)4 (3)  

   by X-ray diffraction, and were obtained in greater than 
90% yield. A reduced ratio of 1:2 of reagents 1 and 2 was used in a 9:1 ratio solution of pentane and THF 
to isolate the black intermediate, and several pink crystals of bis[ɛ-phenylamidotetrahydrofuran 
bis(trimethylsilyl)amido manganese(II)] (4) were isolated from the black mixture instead. It has been found 
that a 5:4 ratio of 1 to 2 in a non-ligating solvent such as toluene results in a solution that indefinitely 
remains black and results in no precipitation. Analysis of these intermediates will be presented, and their 
relevance to the formation of 3 will be described in light of a proposed hydrogen atom transfer mechanism 
in the formation of 3. 
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Recent literature has suggested implementation of endohedral metallofullerenes (EMFs) as medical 
imaging agents and optoelectronic devices. Characterization of an EMF's interior environment is essential 
before such applications can be achieved. Crystallographic data of EMFs offer definitive answers to 
questions concerning fullerene cage symmetry, organization of encapsulated atoms, and isomeric purity. 
There are currently a number of structures for endohedral fullerenes with cage sizes greater than C60. As 
the number of carbons increases in the fullerene cage, the number of isomers also increases. 
Examination of the structural similarities between these large fullerenes with identical cage size can aid in 
the identification of the Stone-Wales rotations that interconvert isomers. Several new structures, including 
Sc2(ɛ2-S)@C3v(8)-C82 and Sc2(ɛ2-S)@Cs(6)-C82, will be presented here with thoughtful consideration given 
to the crystallographic and structural analyses performed. 
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Three distinct geometric isomers of dicobalt octacarbonyl have been experimentally observed. Until 
recently, only one, the C2v isomer having two carbonyl bridges, was successfully characterized by X-ray 
diffraction of crystals obtained from either solution or by sublimation. In the past year, our group has 
shown that a different geometric isomer (D3d) of Co2(CO)8 is obtained when it is co-crystallized with the 
fullerene C60 to produce black crystals of Co2(CO)8 Å C60 The D3d isomer has only terminal carbonyl 
groups. Upon insertion of a heavy metal such as mercury between the two cobalt atoms, a longer metallic 
chain with different reactivity can be produced. Pristine Hg{Co(CO)4}2 crystallizes in the D3d staggered 
conformation. However, when co-crystallized with the fullerene, the carbonyl groups become eclipsed and 
the molecule assumes D3h symmetry. In this poster, the crystal structures of both Co2(CO)8 Å C60 and 
Hg{Co(CO)4}2 Å C60 Å toluene demonstrate the fluxionality of metal carbonyls and the impact that the 
fullerene imposes on their structures due to its bulky nature. 
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Chromium is not an essential trace element for mammals: Effects of a low chromium diet on 
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Chromium was proposed to be an essential trace element over 50 years ago and has been accepted as 
an essential element for over thirty years. However, the studies on which chromium's status are based 
are methodologically flawed. Whether chromium is an essential element has been examined for the first 
time in carefully controlled metal free conditions using a series of purified diets containing variable 
chromium contents. Male Zucker lean rats were housed in specially designed metal-free cages for 4 
months and fed the AIN-93G diet with no added chromium in the mineral mix component of the diet (16 
ɛg Cr/kg diet), the standard AIN-93G diet (1000 ɛg Cr/kg), the standard AIN-93G diet supplemented with 
200 ɛg Cr/kg, or the standard AIN-93G diet supplemented with 1000 ɛg Cr/kg. The chromium content of 
the diet had no effect on body mass or food intake. Similarly, the chromium content of the diet had no 
effect on glucose levels in glucose tolerance or insulin tolerance tests. However, a distinct trend towards 
lower insulin levels under the curve after a glucose challenge was observed with increasing Cr content in 
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the diet; rats on the supplemented AIN-93G diets had significantly lower areas (P<0.05) than rats on the 
low Cr diet. The studies clearly reveal that a diet with as little chromium as reasonably possible had no 
effect on body composition or glucose metabolism or insulin sensitivity compared to a chromium sufficient 
diet. The addition of supranutritional amounts of chromium to the diet had a pharmacological effect 
increasing insulin sensitivity. Together with the results of other recent studies, these results clearly 
indicate that chromium can no longer be considered an essential element. 
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We recently discovered a novel metal-binding tripeptide (NCC) that is capable of abstracting a metal ion 
from a chelator and binding it irreversibly at physiological pH. The nickel-bound form of the complex acts 
as a structural and functional mimic of nickel superoxide dismutase. Electronic absorption, circular 
dichroism (CD), and magnetic CD (MCD) data collected for Ni-NCC are consistent with a diamagnetic 
Ni(II) center bound in a 2N:2S, square planar geometry. Changes in the CD signal of Ni-NCC indicate the 
optical activity of the complex changes over time, but mass spectrometry data show that the mass of the 
complex is unchanged, which suggests chiral rearrangement of the complex occurs. Performing the 
reaction in D2O allows incorporation of deuterium into non-exchangeable positions, indicating chiral 
inversion occurs at two of the alpha carbon atoms in the peptide. Control peptides were also used to 
verify the chirality of the final nickel-peptide complex. 
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Manganese superoxide dismutase (MnSOD) from Saccharomyces cerevisiae is significantly more 
efficient than human MnSOD. To decipher reasons for this high activity and the mechanism of product 
inhibition, an unusual cytosolic MnSOD from closely related yeast Candida albicans was expressed and 
purified. It is a homodimer of 22.7 kDa with 0.7 equiv of Mn per subunit. Pulse radiolysis shows that 
CaMnSOD is highly efficient, surpassing even the activity of ScMnSOD. Close inspection of the active site 
of CaMnSOD reveals its resemblance to ScMnSOD. Especially, in both enzymes the glutamine residue 
that binds the manganese-coordinating water is distant from the manganese. CaMnSOD was isolated 
mainly in the reduced form, and the chemically oxidized CaMnSOD contains two species, a normally five-
coordinate one and a presumably six-coordinate one, as investigated by electron paramagnetic 
spectroscopy. This dimeric CaMnSOD has lower thermostablity than tetrameric MnSODs, with its 
oxidized form more thermostable than its reduced form. 
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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 ROS. A variety of ligand sets were prepared 
using simple imine and ñClickò chemistry. Such methodology allowed for a diverse set of ligands with 
various electronic and coordination properties to be easily prepared, and subsequently complexed with 
Mn to fabricate SOD mimics. The synthesis of these ligands, as well as their metals complexes, will be 
presented. Preliminary data on the reactivity of metal catalysts will also be presented. 
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Organometallic-protein hybrids recently attracted considerable attention as tailored enantioselective 
catalysts. We present a new type of organometallic enzyme hybrid catalysts based on covalent 
incorporation of artificial cofactors. Metal complexes are conjugated via phosphoryl or sulfuryl fluorides 
moieties to the active center of serine proteases. Synthesis of the functionalized inhibitors, which serve as 
artificial co-factors, their reaction with serine proteases, characterization of the organometallic-enzyme 
hybrids formed and their use in catalytic reactions are described. The hybrid catalysts exhibit good activity 
in enantioselective (transfer-)hydrogenation of ketones. Our approach provides straight-forward access to 
a library of different catalysts due to modular exchange of (i) enzyme, (ii) conjugation moiety or (iii) 
catalytically active metal complex. Crystallographic studies provide a basis for optimization of the hybrid's 
enantioselectivity by rational guided design through site-selective mutagenesis of the protein ligand. 
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Elucidating how cellular processes occur with reasonable rates at decreased temperatures is essential for 
understanding the role of psychrophilic microorganisms in biogeochemical cycles. A putative cytochrome 
c552 has been identified in the genome of Colwellia psychrerythraea, a cold-loving bacterium isolated 
from Arctic sediment. The protein has been overexpressed in E. coli, isolated, and purified. Spectroscopic 
and electrochemical characterization are in process. 
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Metalloenzymes are responsible for a wide range of biological functions, and their misregulation has been 
implicated in many illnesses such as heart disease, inflammation, and pathogenic virulence. Despite 
decades of research, metalloprotein inhibitors have generally failed as potential drugs due to their lack of 
specificity. A vast majority of inhibitors use a hydroxamate functionality to bind the catalytic metal while 
little research has been done to develop inhibitors that contain different metal binding groups (MBGs). 
This research focuses on determining what factors affect the affinity of MBGs for different proteins by 
comparing their inhibitory activity, thermodynamics of binding, and solid-state structure inside bound to 
protein. Inhibitory data against carbonic anhydrase will be presented for a large number of MBGs. For 
molecules that show high activity, a detailed analysis of the thermodynamics of binding using isothermal 
titration calorimetry will be performed along with obtaining an X-ray crystal structure of the inhibitor-protein 
complex. 
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Investigating the medicinal chemistry of Au(I): Developing, screening and validating gold-based 
phosphatase inhibitors 
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The medicinal properties of gold(I) salts have long been established, particularly towards the treatment of 
rheumatoid arthritis (RA). However, the biological mechanism(s) of action of gold are not well understood. 
One intriguing biological target of Au(I) is the protein tyrosine phosphatase (PTP) family of enzymes. 
PTPs are important therapeutic targets for a number of human diseases, including RA. One inherent 
problem associated with the therapeutic inhibition of PTP activity lies in obtaining the desired selectivity 
for one member of the highly homologous PTP family of enzymes. Work in our laboratory and others has 
shown that gold(I) complexes are reasonably potent and selective PTP inhibitors. Through a combination 
of gold(I) complex design and gold(I) complex library screening, we have generated a series of gold(I) 
complexes that have significant in vitro and intracellular inhibitory potency against PTPs implicated in 
autoimmunity. 
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Thimet oligopeptidase (TOP) is a metalloendopeptidase that cleaves short peptides. Its structure is a 
clamshell containing a cleft. A recent interest is the study of kinetic parameters of the enzyme consisting 
mutations E107Q and E111Q. Quenched fluorescence assays were used to monitor the change in 
activity, with substrates MCA and mca-Bk. The results show a decrease in Kcat for MCA, and an increase 
for the mca-Bk. Whereas Km for both MCA and mca-Bk showed slight changes, indicating that binding 
was not disturbed. Ki for wild type with MCA was low and mca-Bk was high. Interestingly Ki for the mutant 
with mca-Bk did not change significantly, however, for the mutant with MCA it increased dramatically. The 
results suggest the conformational change was disturbed but changes in activity are based on the 
substrates. The results provide insight on how surface residues affect the activity of TOP gaining more 
understanding of enzyme. 
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A putative metalloprotein in the MarR family of transcriptional regulators has been identified in the 
genome of the methanogenic archaeon Methanocorpusculum labreanum. The protein has been 
overexpressed in E. coli, isolated, and purified. Transition metal coordination and binding affinity are 
being investigated by electronic absorption spectroscopy and EPR. 

INOR 183 

New triscatecholate siderophores 

Moriah Sandy
(1)

, msandy@chem.ucsb.edu, University of California, Santa Barbara CA 93106-9510, 
United States ; Alison Butler

(1)
, butler@chem.ucsb.edu, University of California, Santa Barbara CA 

93106-9510, United States . (1) Department of Chemistry & Biochemistry, UC Santa Barbara, Santa 
Barbara CA 93106, United States  

The majority of bacteria require iron for growth. However, obtaining iron is challenging for the majority of 
microorganisms. One strategy bacteria use to acquire iron is to produce siderophores, low molecular 
weight organic compounds which bind iron(III) with high affinity. The majority of siderophores are 
comprised of a mixture of functional groups which coordinate Fe(III), commonly catechols, hydroxamic 
acids, and Ŭïhydroxycarboxylic acids. Notable triscatechol siderophores include, enterobactin, a cyclic 
triester of 2,3-dihydroxybenzoic acid-L-serine, and structurally related bacillibactin and salmochelins. 
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These siderophores are produced by pathogenic bacteria. We report herein the isolation and structure 
characterization of several new triscatecholate siderophores, structurally related to enterobactin, 
produced by different marine and plant bacteria. 
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iron-oxo species are thought to be responsible for the catalytic activity of various heme enzymes, 
including the ubiquitous cytochromes P450. By covalently attaching a ruthenium photosensitizer in close 
proximity to the P450 heme, we achieve rapid, photo-triggered oxidation of the protein active site using 
laser pulsed flash-quench techniques. Transient absorption spectroscopy allows us to monitor the 
electron transfer reactions at sub microsecond timescales and we propose a multi-step reaction pathway 

for ferryl (Compound II) formation.      
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Atropos biaryl diphosphines have played a pivotal role in the development of asymmetric catalysis and as 
a result rightfully belong to the privileged class of ligand/structure. However, even though BINAP has this 
privileged status and is an excellent ligand for a host of transition metal-catalysed reactions, it is not 
superior for all transformations and is often substrate-specific. In this regard, we have recently developed 
an operationally straightforward, inexpensive and practical three-step synthesisïresolution of a new 
atropos biaryl-like diphosphine, Me-CATPHOS, which forms a highly efficient catalyst and has thus far 
proven to be highly effective for a range of transformations such as asymmetric hydrogenation, carbonyl-
ene and Friedel-Crafts.   Resolved Me-CATPHOS has been applied in asymmetric hydrogenation of 
acetamidoacrylate derivatives giving the desired product in near-quantitative isolated yield with up to 99% 
ee. Additionally, it has proven to be very efficient in carbonyl-ene reaction of various allyl substituted 
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aromatics giving the desired product in very high selectivity and ee.   

     

 Entry  R M  % ee  

 1  benzene  Pt  93 

 2  benzene  Pd  72 

 3  2-Methyl benzene  Pt  67 

 4  2-methyl benzene  Pd  70 

 5  4-methyl benzene  Pt  75 

 6  4-methyl benzene  Pd  68 

 7  3,5-dimethyl benzene  Pt  94 

 8  3,5 dimethyl benzene  Pd  78 

 9  4-chloro benzene  Pt  70 

 10  4-chloro benzene   Pd  70 
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There is much recent interest in the one-electron reduced form of nitric oxide, termed a nitroxyl or nitrosyl 
hydride (NO

-
 or HNO). HNO prodrugs are being studied as chemotherapeutic agents for cardiovascular 

disease, as they enhance myocardial contractility even in failing hearts. The fleeting nature of HNO 
makes it difficult to detect and quantify, but we have demonstrated that HNO is rapidly trapped by 
deoxymyoglobin and other ferrous globins to form stable and unique HNO-adducts. In this work, we 
report investigations of heme-modified and metal-substituted myoglobins for potential use as 
biocompatible sensors of HNO for in vivo applications. Fe-oxochlorin reconstituted myoglobins form 
unusually stable HNO adducts, and that Mn(II) and Mn (III) substituted proteins have unusual and 
distinctive EPR active products upon reaction with HNO donors. 
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The structure of azulene (C10H8) comprises an edge-sharing combination of five- and seven-membered 
sp

2
-carbon rings. In addition to its long-standing medicinal and pharmaceutical relevance, the azulenic 

motif constitutes an attractive building block in the design of redox-addressable, optoelectronic, and 
conductive materials. Unlike the frontier molecular orbitals of benzenoid aromatics, the HOMO and LUMO 
of azulene have complementary density distributions, which enables topological asymmetry in the 
electron and hole transport regimes within azulene-based scaffolds. This presentation will focus on recent 
developments in the chemistry of symmetric linear biazulenic ˊ-linkers featuring the isocyanide termini 
that are attached to low-valent transition metal fragments. Syntheses, molecular and electronic structures, 
redox behavior, and complexation of these novel nonbenzenoid ˊ-bridges will be presented. In addition, 
electronic and luminescent characteristics of a few polynulclear organometallics involving 
diisocyanobiazulene motifs will be discussed. 
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Magnetic resonance imaging (MRI) uses injectable paramagnetic complexes to increase contrast 
between normal and pathological tissue. However, current clinical agents have low relaxivity, precluding 
targeted imaging and requiring the injection of gram quantities of Gd(III) complexes. Gd-TREN-bis-
HOPO-TAM contrast agents were improved over clinically used agents by increasing water exchange, 
increasing the inner sphere water coordination (q), and slowing the molecular tumbling time. TREN and 
TACN capped hexadentate HOPO chelators were used to increase q values to 2-3 from the q = 1 
associated with commercial Gd(III) contrast agents. Molecular tumbling time was decreased by 
conjugating to an esteramide dendrimer (40 kDa). With a theoretical loading of eight complexes, the novel 
contrast agent exhibits high solubility and high relaxivity, which would require much lower dosages of the 
agent. The degradable ester core of the dendrimer also allows for its breakdown in vivo, providing timely 
excretion of the Gd(III) complex and carrier. 
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One of the most important properties of metal-organic frameworks (MOFs) is their high porosity, which 
has led to many applications concerned with gas storage, separations and catalysis. An important 
consideration in maximizing the uptake of gases within MOF crystals is to increase the number of 
adsorption sites within a given material. The simplest way to accomplish this is expansion of the organic 
links without self-interpenetration. Here, we present a MOF series exhibiting ultra-high porosity. In 
particular, MOF-210 exhibits the highest BET and Langmuir surface areas (6240 and 10400 m

2
/g), while 

MOF-399 has the lowest density (0.126 g/cm
3
) of any MOFs reported to date. More importantly, we show 

that these MOFs are not just low density materials; MOF-210 takes up 176 mg/g of H2 at 77 K and 80 bar 
and 2870 mg/g of CO2 at 298 K and 50 bar. 
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A series of new aminoalcohol ligands prepared by Mannich Condensations will be presented. A step-wise 
strategy that allows one to attach two different phenols to a primary amine will be described. These 
ligands have been used to synthesize a series of five-coordinate iron(III) complexes that serve as 
structural and functional models for 3,4-protocatachuate dioxygenase. 
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We build on our fundamental studies on using backfolded molecules (i.e., contrasting the traditional 
starburst, outgoing shapes of dendrimers) as building blocks for crystalline networks. In comparison to 
our previous neutral and weak donors of nitriles and thioethers, we here explore network building from 
ionic, stronger-binding carboxyl groups in the backfolded scaffold. The backfolded geometry orients a 
dense array of carboxylic groups towards the interior of the molecular building blocks, which disfavors the 
full-scale coordination with the cationic metal ions (namely, too many carboxylic groups and not enough 
metal ions). As a result, networks with uncoordinated carboxylic groups or negatively charged networks 
can often be generated from these backfolded dendritic molecules, which are potentially well-suited for 
effecting acid-base-catalyzed organic reactions. We illustrate the elements of network design and 
engineering by molecules N,N'-bis(2,4,6-tricarboxylphenyl)-1,4-diaminobenzene and trans-N,N'-bis(2,4,6-
tricarboxylphenyl)-1,4-diaminocyclohexane, and the networks formed with Cd(II) ions. Acknowledgement 
is made to RGC project 9041437 (CityU 103009). 
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The complexes [(L)ClRu
II
(µ-tppz)Ru

II
Cl(L)] (tppz = 2,3,5,6-tetrakis(2-pyridyl)pyrazine) have been 

synthesized and characterized by electrochemistry, various spectroscopic methods and by single-crystal 
X-ray structural analysis. Although each system features a significantly different coordination situation, all 
complexes exhibit a twisted central pyrazine ring. The complexes exhibit, Kc > 10

6
 and produce EPR-

silent Ru
III
Ru

II
 intermediates with NIR absorptions. The electronic properties of different redox states have 

been analyzed by UV/Vis/NIR/IR spectroelectrochemistry, EPR and DFT calculations. The invariant 
electronic structure of the [Ru(µ-tppz)Ru]

n
 entity despite different coordination situations at the metal sites 

remains remarkable and suggests further use of this entity as redox active component in extended 
frameworks. 
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In order to examine the steric effects of the in-plane ligands in dye-sensitized {RuNO}
6
 nitrosyls on their 

NO photolability, two new ligands namely, 1,2-Bis(pyridine-2-carboxamido)-4,5-dimethoxybenzene 
(H2(OMe)2bpb) and 1,2-Bis(Isoquinoline-1-carboxamido)-4,5-dimethoxybenzene (H2(OMe)2IQ1, Hs are 
dissociable carboxamide protons) have been designed and synthsized. Removal of the in-plane ligand 
twist in the quinoline-based R2bQb

2-
 ligand frame (due to steric interactions between the extended 

quinoline ring systems) in both R2bpb
2-

 and R2IQ1
2-

 (pyridine and 1-isoquinoline rings respectively instead 
of quinoline rings in the eqautorial plane) results in {RuNO}

6 
nitrosyls with enhanced solution stability as 

well as higher quantum yield values for NO photorelease upon exposure to 500 nm light. The 
corresponding resorufin dye-tethered {RuNO}

6
 nitrosyls, exhibit greater sensitivity to visible light 

compared to the chloro-bound species. In addition, the dye-tethered nitrosyls are fluorescent and hence 
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can be used as trackable NO donors in cellular studies.   

  

INOR 195 

Synthesis, characterization and spectroelectrochemistry of [(Ru(NO)(por)(O2CR)] nitrosyl 
carboxylate complexes (por = tetraphenylporphinato dianion, tetra(p-OMe-phenyl)porphinato 
dianion, tetra(p-Me-phenyl)porphinato dianion; R = ferrocenyl) 

Krishna P.S. Gautham
(1)

, michsha@siue.edu, Box 1652, c/o Dr. Michael J. Shaw, Edwardsville Illinois 
62026-1652, United States ; Christopher Felchlia

(1)
; Kenneth W. Rodgers

(1)
; Michael J. Shaw

(1)
; Dennis 

Awasabisah
(2)

; George B. Richter-Addo
(2)

. (1) Department of Chemistry, Southern Illinois University 
Edwardsville, Edwardsville Illinois 62026-1652, United States (2) Chemistry and Biochemistry, University 
of Oklahoma, Norman Oklahoma 73019-5251, United States  

The preparation of a series of ferrocenylcarboxylate substituted ruthenium nitrosyl porphyrin complexes is 
described. The interaction of the ferrocenyl redox center with Ru-NO-porphyrin based redox events is 
evaluated by cyclic voltammetry, IR spectroelectrochemistry, and UV-VIS spectroelectrochemistry for the 
three title complexes. Specifically, the site of electron transfer upon oxidation the consequences of 
electron transfer in these complexes will described and compared to complexes which lack a redox active 
carboxylate ligand. 

INOR 196 

Incorporation of 4-azaacridine moiety into ligand systems for Ru(II) complexes 

Rubabe Haberdar
(1)

, rubabe@yahoo.com, 136 Fleming Building, Houston Texas 77204, United States ; 
Randolph P Thummel

(1)
. (1) Department of Chemistry, University of Houston, Houston Texas 77204, 

United States  

The 1,8-naphthyridine (nap) nucleus is a good excited state electron acceptor. Ru(II) complexes with nap-
type ligands show low energy absorptions, reflecting the formation of a nap radical anion in the excited 
state that could in turn act as an internal base. A series of ligands (3a-c) involving benzo-1,8-
naphthyridine and their Ru(II) complexes have been synthesized. The excited state properties of these 

complexes are being examined.     

INOR 197 

Ruthenium catalysts incorporating chiral substituted terpyridine ligands 

Don L Tran
(1)

, hcchm022@csun.edu, 18111 Nordhoff Street, Northridge CA 91330-8262, United States ; 
Christine M Camarena

(1)
, hcchm022@csun.edu, 18111 Nordhoff Street, Northridge CA 91330-8262, 

United States ; Bertoldo Avitia
(1)

; Samuel Muhia
(1)

; Eric P Kelson
(1)

. (1) Department of Chemistry and 
Biochemistry, California State University Northridge, Northridge CA 91330-8262, United States  

The terpyridine supported complexes (Terpy)Ru(L)2(OH2) with L=2-pyridonate or 2-pyrrolidinonate have 
been demonstrated to catalyze ketone transfer hydrogenation with the latter not requiring base co-
catalysts. In an effort to impart enantioselectivity into these catalysts, polypyridine ligands are being 
prepared with chiral substituents. Our laboratory has developed pyridine coupling methodologies for the 
synthesis of symmetric and asymmetric bipyridyl and terpyridyl carbonitriles. These products react with a 
palate of chiral 2-amino-1-alcohols to form oxazolinyl substituted polypyridine ligands including 6-
(oxazolin-2-yl)-2,2'-bipyridines, 6,6'-bis(oxazolin-2-yl)-2,2'-bipyridines, and 6,6"-bis(oxazolin-2-yl)-
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2,2':6',2"-terpyridines. The preparation of ruthenium complexes with these ligands as well as the 
assessment of their catalytic activities and selectivities will be presented. 

INOR 198 

Coordination chemistry of cobalt and copper bis(pyridylimino)isoindolinates: Synthesis, 
molecular structure, and magnetic properties 

Ivona Sasimovich
(1)

, is75@drexel.edu, 3141 Chestnut st, Philadelphia PA 19104, United States ; 
Anthony Addison

(1)
; Matthias Zeller

(2)
; David L. Tierney

(3)
; Ekkehard Sinn

(4)
; Samuel Lofland

(5)
; Carla 

Schmiesing
(4)

; Allen D. Hunter
(2)

. (1) Department of Chemistry, Drexel University, Philadelphia PA 19104, 
United States (2) Department of Chemistry, Youngstown State University, Youngstown OH 44555-3663, 
United States (3) Department of Chemistry and Biochemistry, Miami University, Oxford OH 45056, United 
States (4) Department of Chemistry, Western Michigan University, Kalamazoo MI 49008-5413, United 
States (5) Department of Physics, Rowan University, Glassboro NJ 08028, United States  

Introduction of sterically hindering alkyl groups into the isoindoline ligands leads to irregular geometries 
around the transition metal atoms. The resulted distorted pentacoordinate and disphenoidal systems can 
be characterised in terms of Ű and űt parameters*, respectively. These distorted geometries around the 
transition metal ions such as cobalt, copper, and nickel simulate the metal ion geometries as seen in 
enzyme active sites. Mononuclear and polynuclear copper and cobalt complexes will be presented.  
*Chem. Abs. (1984) 101:203171; Chem. Abs. 2004:661440. 

INOR 199 

WITHDRAWN 

INOR 200 

Bis(4-chloro, 2,6-dimethylanilinium) tetrachlorocuprate(II): A layer perovskite structure stretched 
to the breaking point 

Marcus R. Bond
(1)

, bond@mbond2.st.semo.edu, MS 6400, Cape Girardeau MO 63701, United States ; 
Soujanya Nalla

(1)
. (1) Department of Chemistry, Southeast Missouri State University, Cape Girardeau MO 

63701, United States  

A2CuCl4 compounds, in which A = n-alkylammonium or substituted anilinium, commonly form layer 
perovskite structures. Here chloridocuprate(II) layers alternate with organic bilayers from which 
ammonium head groups are directed into the inorganic layers. Crystallizaiton by slow evaporation of a 6 
M HCl solution containing 2,6-dimethylaniline and CuCl2·2H2O in a 2:1 molar ratio results in chlorination of 
the organic ring in the para position and a layer perovskite-like structure in which the inorganic layers are 
disrupted to accomodate the bulky organic cation. Rather than 4+2-coordinate Cu

2+
 linked to 

perpendicular complexes, the two dimensional network is pulled apart to form isolated and parallel chains 
of 4+1-coordinate Cu

2+
 with the broken semicoordinate bond now forming a distant contact of 5.73 Å. 

Structures at both 300 and 100 K are presented. 

INOR 201 

Tuning magnetic interactions in a triangular Cu3-pyrazolate system 

Logesh Mathivathanan
(1)

, mathivathanan.logesh@uprrp.edu, University of Puerto Rico, San Juan PR 
00931, United States ; Yiannis Sanakis

(2)
; Raphael G Raptis

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

Puerto Rico - Rio Piedras, San Juan PR 00931, United States (2) NCSR [quot]Demokritos[quot], Institute 
of Materials Science, Aghia Peroskevi Athens 15310, Greece  

Trinuclear Cu
II
3-systems help understand fundamental magnetic interactions, which are of importance in 

molecular magnetics. Cu3-pyrazolate complexes of the formula [Cu3(µ3-E)(µ-4-R-Pz)X3]
n-

 have been 
prepared in our laboratory and studied extensively. Controlling the pH, one can obtain Cu3-pyrazolates 
with three different cores: A trigonal planar [Cu3(µ3-O)], trigonal pyramidal [Cu3(µ3-OH)] and trigonal 
bipyramidal [Cu3(µ3-Cl)2]. The oxo-complex has a strong-antiferromagnetically coupled ½ ground state, 
while the hydroxo-complex has a weakly-antiferromagnetic ½ ground state. The trigonal bipyramidal 
complex has a ferromagnetically coupled 3/2 ground state. In addition to Cu3(µ3-E) geometry, we have 
discovered that 4-R-substitution on the pyrazolate and the terminal X-ligands also determine magnetism 
in these complexes. We present here the structural and magnetic characterization of two new complexes: 
[Cu3(µ3-OH)(µ-Pz)(PhCOO)3]

1-
 and [Cu3(µ3-O)(µ-4-Me-Pz)Cl3]

2-
. We will discuss how, presenting 
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evidences from EPR and magnetic susceptibility studies, the electronic and steric factors of these 
substituents play a pivotal role in determining the magnetic characteristics of the system. 

INOR 202 

Steric and electronic tuning of Cu(I) phenanthroline complexes for solar energy conversion 

Nosheen Akber Gothard
(1)

, nosheenakber2008@u.northwestern.edu, 2145 Sheridan Road, Ryan 2035, 
Evanston IL 60208-3113, United States ; Michael W Mara

(1)
; Jodi Szarko

(1)
; Jenny V Lockard

(2)
; SonBinh 

T Nguyen
(1)(2)

; Lin X Chen
(1)(2)

. (1) Department of Chemistry, Northwestern University, Evanston IL 60208-
3113, United States (2) Department of Chemical Sciences and Engineering Division, Argonne National 
Laboratory, Argonne IL 60439, United States  

Copper(I) phenanthroline complexes have very similar optical properties as quintessential 
Ru(II)polypyridyl complexes that are used extensively in dye-sensitized solar cells. To investigate this 
application, a set of homologous copper(I) phenanthroline complexes (1-6) have been prepared, where 
structural factors, such as the resistance of the Jahn-Teller distortion from Cu(I) to Cu(II)* can be 
systematically altered. We will present these results as well as a correlation of the ground and excited 
state structural dynamics of (2,9-di-tert-butyl-1,10-phenanthroline) copper(I) [Cu

I
(dtbp)2] through ultrafast 

optical studies.    

INOR 203 

Solution and condensed phase aggregation of platinum(II) bipyridine complexes: An experimental 
and theoretical study of supramolecular structure-function relationships 

Sarah H. Fried
(1)

, rbachman@sewanee.edu, 735 University Ave, Sewanee TN 37383, United States ; 
Robert E. Bachman

(1)
. (1) Department of Chemistry, Sewanee: The University of the South, Sewanee TN 

37383, United States  

Platinum(II) diimine complexes display a wide array of interesting physical properties, including 
luminescence, photoredox chemistry, polymorphism and polychromism. By coupling these chromophores 
to ɓ-branched Guerbet alcohols, a new class of metal-containing liquid crystalline materials with very low 
transition temperatures and wide mesomorphic temperature ranges has been prepared. These materials 
display unique physical properties, including thermo- and vapo-luminescence, in their condensed phases. 
Additionally, evidence that prior solution aggregation plays an important role in determining the properties 
of the resulting condensed phase materials has recently been uncovered. The relationships between the 
hypothesized solution aggregation and resulting materials properties will be explored using both 
experimental and computational approaches. 

INOR 204 

Synthesis and photochemical studies of platinum-maltol molecules 
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Britain C Bruner
(1)

, Britain_Bruner@Baylor.edu, 101 Bagby Ave, Waco TX 76798, United States ; Ting N 
Hu

(2)
. (1) Department of Chemistry and Biochemistry, Baylor University, Waco Texas 76798, United 

States (2) Department of Chemistry, University of California, Irvine CA 92697, United States  

Thiolated hydroxy-pyranones in [Pt (bpy)L]
2
+, where L = thiomaltol (tma) or dithiomaltol (ttma), have an 

intense ligand based luminescence that facilitate a photo-induced electron transfer to an electron 
accepter such as methylviologen. To systematically examine the activities of various hydroxy-pyrone 
ligands in the Pt(II) complexes, a library of ligands were proposed, synthesized and then characterized. 
[Pt(bpy)(ttma)][PF6] shows high 

1
O2 sensitivity with QY near unity. A long-lived emission signal at room 

temperature is also reported with changes in the excited-state lifetimes and 
1
O2 sensitivity dependent of 

ligand variations.     

INOR 205 

Reaction of platinum(II) diamine complexes with selenium-containing amino acids 

Stephanie Robey
(1)

, stephanie.robey799@wku.edu, 1906 College Heights Blvd. #11079, Bowling Green 
KY 42101-1079, United States ; Kevin M Williams

(1)
. (1) Department of Chemistry, Western Kentucky 

University, Bowling Green KY 42101-1079, United States  

We reacted [Pt(Me4en)(D2O)2]
2+

 [Me4En=N,N,N'N'-tetramethylethylenediamine] with Selenomethionine 
(SeMet), Methionine (Met), and Methylselenocysteine (MeSeCys). When MeSeCys was reacted with 
[Pt(Me4en)(D2O)2]

2+
, we observed both stereoisomers of Se,N chelates forming in similar amounts. We 

incubated SeMet with NaCl for 30 minutes and then mixed with [Pt(Me4en)(D2O)2]
2+

; we saw equal 
amounts of the [Pt(Me4en)(SeMet)Cl]

+
 isomers along with a specific stereoisomer of the Se,N chelate 

forming first (R chirality). Previously, we studied the reaction of Met and [Pt(Me4en)(D2O)2]
2+

 with no such 
stereospecificity observed. We obtained equal amounts of SeMet, Met and [Pt(Me4en)(D2O)2]

2+ 
and mixed 

the solutions together to see which amino acid would react first, either SeMet or Met. The NMR spectra 
we observed showed that SeMet attached first to [Pt(Me4en)(D2O)2]

2+
, with the (R) chelate forming first, 

then the (S) chelate. Met was slower to react, and we saw both chelates form at approximately equal 
rates. 

INOR 206 

Platinum acetylide complexes: The construction of multi-metallic supramolecular liquid-
crystalline materials 

Anne E Taliaferro
(1)

, rbachman@sewanee.edu, 735 University Ave, Sewanee TN 37383, United States ; 
Robert E. Bachman

(1)
. (1) Department of Chemistry, Sewanee: The University of the South, Sewanee TN 

37383, United States  

Bipyridine complexes of platinum (II) complexes have long been recognized to possess a host of 
interesting, and potentially useful, structural, optical and electronic properties. By elaborating the structure 
of the bipyridine moiety of [bpyPt(II)Cl2] with a pair of ɓ-branched Guerbet ester fragments, liquid-
crystalline derivatives of this unique chromophore have been prepared. In several cases, the liquid-
crystalline behavior was observed to persist well below room temperature. Efforts to utilize acetylide 
linkages to couple either multiple liquid-crystalline bipyridine platinum fragments or a mixture of these 
bipyridine fragments and alkylated carbazole moieties are currently underway. As part of these efforts, a 
series of diarylacetylide model complexes has been prepared via substitution of the chloride ligands. The 



69 

 

optical, electronic and phase behavior of this new series of materials, as well as progress toward the 
creation of the targeted supramolecular arrays, will be presented. 

INOR 207 

Novel chemotherapeutic agents of vanadium(IV) with thiosemithiocarbazones and Schiff bases as 
ligands: Structural and in vitro studies 

Nerissa A. Lewis
(1)

, lewisnerissa@yahoo.com, 118 College Drive, Box # 5043, Hattiesburg Mississippi 
39406, United States ; Fang Liu

(2)
; Tony Magnusen

(1)
; Travis Erves

(1)
; Jessa Faye Arca

(1)
; Floyd A. 

Beckford
(3)

; Ramaiyer Venkatraman
(4)

; Antonio Gonzalez Sarrias
(5)

; Liya Li
(5)

; Suman Parajuli
(1)

; Navindra 
Seeram

(5)
; Aimin Liu

(2)
; William Jarrett

(1)
; Wujian Miao

(1)
; Alvin A. Holder

(1)
. (1) Department of Chemistry 

and Biochemistry, The University of Southern Mississippi, Hattiesburg Mississippi 39406, United States 
(2) Department of Chemistry, Georgia State University, Atlanta Georgia 30302, United States (3) Science 
Division, Lyon College, Batesville Arkansas 72501, United States (4) Department of Chemistry and 
Biochemistry, Jackson State University, Jackson Mississippi 39217, United States (5) Department of 
Biomedical and Pharmaceutical Sciences, University of Rhode Island, Kingston Rhode Island 02881, 
United States  

A series of novel mixed-ligand vanadium (IV) complexes containing thiosemicarbazones and Schiff bases 
as ligands were synthesized and characterized. The novel complexes were characterized by elemental 
analysis, ESI MS, IR, UV-visible, EPR, and 

1
H and

 13
C NMR spectroscopy, and electrochemistry. 

51
V 

NMR spectroscopy was used to identify the oxidized species in DMSO solutions on standing at room 
temperature. In vitro studies were carried on three colon cancer cell lines, viz., HTC-116, Caco-2, and HT-
29, with a comparative anti-proliferative activity on non-cancerous colonic myofibroblasts, CCD18-Co. All 
three compounds exhibited less inhibitory effects in human normal CCD-18Co cells, indicating a possible 
cytotoxic selectivity towards colon cancer cells. In general, those compounds which exhibited anti-
proliferative activity on cancer cells but did not affect normal cells may have a potential in 
chemoprevention. 

INOR 208 

Time-resolved infrared spectroscopy of transition metal carbonyls 

Nicholas S Teodoro
(1)

, nteo1988@gmail.com, 543 N University Ave #308, Provo UT 84601, United 
States ; Richard J. Gates

(1)
, rgates@byu.edu, C100 Bensen Science Building, Provo UT 84602, United 

States ; Matthew C. Asplund
(1)

. (1) Department of Chemistry and Biochemistry, Brigham Young 
Univeristy, Provo UT 84602, United States  

The formation of complexes between coordinatively unsaturated organometallic intermediates with 
solvent molecules is important in many reactions. Using time-resolved infrared spectroscopy to study 
these reaction intermediaries has allowed us to probe both the formation of the intermediates and the 
exchange between weakly bound solvent molecules. UV photolysis initiates the removal of a carbonyl 
ligand on M(CO)6 (where M=Cr, W or Mo). This ligand is replaced by a solvent molecule, and the kinetics 
of formation and exchange is then used to solve for the bond dissociation and activation energies of these 
reactions. 

INOR 209 

Binding studies of methylpyranosides with Co(III) and Rh(III) cyclen complexes 

Steven C Haefner
(1)

, shaefner@bridgew.edu, Bridgewater State University, Bridgewater MA 02325, 
United States ; Jason O[apos]Haver

(1)
. (1) Department of Chemical Sciences, Bridgewater State 

University, Bridgewater MA 02325, United States  

Oligosaccharides participate in a diverse range of cell-cell interactions including adhesion, signaling, and 
recognition. Our group is currently engaged in a broad effort to develop metal-based oligosaccharide 
receptors that can effectively bind specific glycoconjugates. Such molecular species have the potential to 
inhibit cell-cell recognition events such as tumor cell metastasis and inflammation. As part of this larger 
project, we are currently investigating the ability of cyclen (cyclen = 1,4,7,10-tetraazacyclododecane) 
complexes of cobalt(III) and rhodium(III) supported by supported by weakly coordinated solvent to 
effectively bind simple monosaccharides. Specifically we have examined the reaction of cis-M(cyclen)L2

3+
 

(M = Co, Rh; L = solvent) with Ŭ-D-methylglucoside and Ŭ-D-methylmannoside. In both instances, the 
cyclen macrocycle engenders a cis-geometry of the weakly coordinating solvent molecules thus providing 
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accessible coordination sites for the adjacent hydroxyl groups of the monosaccharides. 
1
H and 

13
C NMR, 

and Uv-visible spectral data, will be presented documenting the extent of metal-saccharide complexation. 

INOR 210 

Structurally-related iron carbonyls as carbon monoxide releasing molecules (CO-RMs): Rapid CO 
delivery to biological targets upon dissolution 

Margarita A Gonzales
(1)

, gonzales@chemistry.ucsc.edu, 1156 High Street, Santa Cruz CA 95064, 
United States ; Pradip K Mascharak

(1)
. (1) Department of Chemistry and Biochemistry, University of 

California- Santa Cruz, Santa Cruz CA 95064, United States  

While the toxicity of carbon monoxide (CO) is well established, its role in biological systems is only 
recently being explored. Endogenously produced CO is derived from the degradation of heme by heme 
oxygenase (HO) and has been implicated in regulatory processes such as vasorelaxation, 
neurotransmission and cytoprotective activity. To effectively mimic these desirable outcomes from CO, 
one must first circumvent its inherent toxicity. Our lab is utilizing transition metals as vehicles for site-
specific CO delivery. We have synthesized two iron carbonyls bearing pentadentate N5 ligands: 
[(SBPy3)Fe(CO)](BF4)2 (2) and [(Tpmen)Fe(CO)](ClO4)2 (3) that rapidly deliver CO to biological targets 
upon dissolution. Apparent rates of CO release of 2 and 3 were found to be comparable to other known 
carbon monoxide releasing molecules (CO-RMs). Spectroscopic and structural characteristics of these 
new CO donors provide insight on their CO lability. 

INOR 211 

Iron(III) porphyrin via metathesis of a water-soluble lithium porphyrin 

Kidus D Debesai
(1)

, kidus_debesai@ecats.gcsu.edu, Campus Box 082, 231 W. Hancock St., 
Milledgeville GA 31061, United States ; Rosalie A. Richards

(1)
. (1) Department of Chemistry, Physics and 

Astronomy, Georgia College & State University, Milledgeville GA 31061, United States  

The ability for iron porphyrins to undergo facile redox reactions at both the metal and ligand centers 
makes them attractive as catalysts for a variety of important industrial processes. Water-soluble 
porphyrins are very important in the study of redox reactions and their use in the biomedical field. 
Synthesis and spectroscopic characterization of meso-tetrakis-2,3,7,8,12,13,17,18-octabromo(N-
methylpyridium-4-yl)porphyrin, H2TMPyPBr8

4+
, was conducted. Metal ion metathesis of Fe(II) ion and the 

air-stable, water-soluble lithium ion porphyrin derivative, LiTMPyPBr8
3+ 

, formed the Fe(III) complex. The 
results of our findings will be presented. 

INOR 212 

Enhanced reactivity of coordinated Ŭ-nucleophiles in paraoxon cleavage 

Paola Gomez-Tagle
(1)

, pao@servidor.unam.mx, Facultad de Química, Ciudad de Mexico D.F. 04360, 
Mexico ; Anatoly K Yatsimirsky

(1)
; Adriana Resendis-Ballesteros

(1)
. (1) Department of Inorganic 

Chemistry, Universidad Nacional Autonoma de Mexico. Faculty of Chemistry, Mexico City D.F. 04360, 
Mexico  

Oximate anions are typical Ŭ-nucleophiles due to the presence of the lone electron pair on oximate 
nitrogen. The nucleophilic reactivity of several tridentate pyridine oximes, derived from 2,6-
diacetylpyridine, against the pesticide paraoxon and some analogs was studied in 30% aqueous DMSO 
as a function of pH. Additions of Zn(II) and Cd(II) ions strongly increased the reactivity of oximes by 
decreasing their pKa values and by increasing the intrinsic reactivity of the oximate anions by nearly one 
order of magnitude upon complexation. The participation of coordinated oximate anions as nucleophiles 
was confirmed by monitoring the reaction course by 

31
P NMR. Thus, contrary to expected, the donation of 

the lone electron pair to the metal ion does not eliminate the alpha effect, but even noticeably increases it. 
The implications of this observation for the development of highly efficient catalysts based on metal-
coordinated Ŭ-nucleophiles for destruction of toxic organophosphates are discussed. 

INOR 213 

Pyrene and coumarin based turn-on fluorescent sensors for heavy metal ions 

Rathnayaka MNR Madawala
(1)

, rathnayaka.m.madawala@wmich.edu, 1903 West Michigan Avenue, 
3425 Wood Hall, Kalamazoo MI 49008-5413, United States ; Ekkehard Sinn

(1)
. (1) Department of 

Chemistry, Western Michigan University, Kalamazoo MI 49008-5413, United States  
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Turn-on fluorescence sensors for metal ions are very few as they tend to increase the rate of intersystem 
crossing leading to the fluorescence quenching. In this presentation, a new pyrene derivative (R) and 
coumarin derivatives (A,B,C,D, E, F and G) were synthesized and the binding of R and E toward various 
cations ( Ca

2+
, Fe

2+
, Fe

3+
, Ni

2+
, Cu

2+
, Co

2+
, Cr

3+
, Pb

2+
, Zn

2+
, Cd

2+
, Hg

2+
 ) were examined for turn-on 

fluorescence sensing. High selectivity for Cu
2+

 is observed for R and Pb
2+

 for E. The fluorescence life time 
and the quantum yield measurements were carried out for the synthesized dye molecules with and 
without metal ions to understand the mechanistic details of sensing. Sensitivity of all the synthesized 
coumarin and pyrene derivatives will be presented. 

  

INOR 214 

Stepwise assembly of coordination complexes on electrode surfaces 

Kevin R. Hoke
(1)

, khoke@berry.edu, P. O. Box 5016, Mount Berry GA 30149, United States ; Christopher 
H. Stuart

(1)
; Adam M. Kase

(1)
; Matthew B. Summerlin

(1)
. (1) Department of Chemistry, Berry College, 

Mount Berry GA 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 used ñclickò 
chemistry to attach 3-(2-propynyl)-2,4-pentanedione to an azidoalkanethiol on a gold surface. This 
diketone is a component for building Schiff base ligands to bind metals such as vanadium, manganese, or 
cobalt. We have also used PCC oxidation to synthesize an aldehyde from 11-mercaptoundecanol. 
Reactions of the aldehyde with suitable di- and triamines are being assessed for formation of multidentate 
ligands directly on an electrode surface. We are currently using IR reflectance spectroscopy to monitor 
the presence and reactivity of these functional groups on gold surfaces. In addition, electrochemical 
methods will be employed to probe the ability of the resulting metal complexes to bind small ligands and 
to catalyze chemical reactions at the surface of gold and carbon electrodes. 

INOR 215 

Determining the dissociation constants of multi-ligand terbium complexes 

Rakesh Mogul
(1)

, rmogul@csupomona.edu, 3801 W. Temple Ave., Pomona CA 91768, United States ; 
Kota R Kaneshiga

(1)
, krk1986@yahoo.com, 3801 W. Temple Ave., Pomona CA 91768, United States ; 

Hubertus Von Bremen
(2)

; Kelleen Chea
(1)

. (1) Chemistry Department, Cal Poly Pomona, Pomona CA 
91768, United States (2) Department of Math and Statistics, Cal Poly Pomona, Pomona CA 91768, 
United States  

Ligand stoichiometry and complex stability are critical components to luminescent protocols that utilize 
lanthanide coordination as a means to detect a/biotic analytes. Accordingly, our initial work has focused 
on a least-squares type of computational analysis that fully incorporates an intrinsic brightness term for 
each luminescent species when forming lanthanide complexes with 2 or 3 ligands. Hence, initial 
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regression on our luminescent titrations of Tb(H2O)9 with dipicolinate has provided the dissociation 
constants in the range of 10

-18
, 10

-9
, and 10

-6 
µM, which is in contrast to prior published values. We are 

also currently exploring the impact of titration order as a means to identify multiple ligand binding. 
Restricting the number of bound ligands through the use of simple chelators, lifetime analyses in D2O, 
and the significance of our results will be discussed. 

INOR 216 

Using a bicapped TREN terephthalamide (TAM) macrocycle for magnetic resonance imaging (MRI) 
contrast agent 

Sylvie L Pailloux
(1)

, sylviepailloux@berkeley.edu, c/o Raymond Group, Berkeley California 94720, 
United States ; Piper J Klemm

(1)
; Jide Xu

(1)
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The next generation of magnetic resonance imaging (MRI) contrast agents need to be more kinetically 
stabile to reduce risk of Gd release, particularly, in patients with severe kidney dysfunction. In these 
patients, Nephrogenic Systemic Fibrosis (NSF), an incurable disease, has been associated with 
gadolinium-complexed contrast agents. NSF has been associated with all Gd(III) acyclic contrast agents, 
such as Gd-DTPA. Increasing the rigidity of the structure using a cage form is expected to resolve the 
problem of kinetic stability, as is seen with the commercial agent Gd-DOTA, which is not associated with 
NSF. Terephtalamide (TAM) was used as a hexadentate chelator for Gd(III). This ligand structure is 
advantageous to commercial ligands to its fast water exchange and higher inner water coordination value 
(q). In this study, bicapped TREN TAM (BC-TR-TAM) was used as a model of bicapped macrocycle that 
coordinate lanthanides to study a rigid macrocycle with oxygen donors. 
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Paramagnetic molecular materials with their electronic structures sensitive to the environment are very 
attractive owing to their potential applications in molecular devices and sensors.

1
 Great efforts have been 

made in synthesizing bistable paramagnetic molecules or polymers that exist in two different spin states, 
which can be tuned by an external stimulus such as temperature, pressure or light.

2
 Cobalt ion can exist 

in multiple oxidation states, hence providing a good candidate for the construction of molecular materials 
that could switch between two different oxidation states, typically between Co

III
 and Co

II
. Here we 

describe for the first time that the magnetic properties of a CoIII-LaIII heterometallic polymer [ls-
Co

III
La

III
(notp)(H2O)4]·nH2O (1a) [notpH6 = 1,4,7-triazacyclononane-1,4,7-triyl-tris(methylenephosphonic 

acid)] can be tuned simply by thermal treatment in the temperature range 120 ï 220
o
C. (see figure 1) The 

variation of the geometry as well as the electronic state changes during the thermal treatment is 
monitored by the magnetic, UV-vis and XAFS measurements. DFT calculations are performed to 

rationalize the experimental results.       
Fig. 1 (a) The scheme of the valence change between 1a and 1a-220. (b) ɛeff vs. dehydrating temperature 
plot. 
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Copper phenanthroline complexes have been widely studied for many reasons, such as their use as 
reagents in molecular biology, and interesting photophysical behavior. Typically, the bis-phenanthroline 
complexes exhibit a five-coordinate geometry for the cupric complexes, with one donor being derived 
from solvent or counterion. Conversely, the cuprous state is invariably observed to have a four-
coordinated geometry. Cupric complexes bearing substituents at the 2- and 9-positions of the ligands, 
which impose steric congestion close to the copper centers, have long been known to show facilitated 
reduction to afford the less congested cuprous forms. More recent studies of complexes of this type, 
however, have shown that the steric strain can also be alleviated by loss of the solvent ligand from the 
cupric centers, affording four-coordinate Cu(II) complexes. We will report on the influence of various 
proximal substituents in determining the extent of formation of the four-coordinate cupric complexes both 
in solution and in the solid state, and the competition between the desolvation and reduction processes. 
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Metal-organic frameworks (MOFs) are promising materials for a catalyst system that combines the high 
activity of homogeneous catalysts and the ease of use of heterogeneous catalysts because of their high 
porosity and flexibility with which metal centers and the organic struts can be varied and functionalized. In 
this report, we show that MOFs can convert methane directly to acetic acid with high yield and TON, and 
100% selectivity. We determined using 

13
C labeled methane that its carbon atoms are entirely 

incorporated into the acetic acid. These MOF catalysts are easily separated and reused, and they remain 
catalytically active for several recycling steps. Their overall performance rivals that of the homogeneous 
catalysts and exceeds the reported heterogeneous systems. 
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CO2 removal via amine-based solutions is currently the most widely used practice in process industries. 
However, due to their high cost in regeneration and severe effects on the mechanical structure of the 
processing units (i.e. corrosion), alternative methods for the removal of CO2 from natural gas resources 
has received attention, one of which is the adsorption of CO2 on porous materials. Inorganic basic 
carbonate compounds represent a class of porous materials that could be used to selectively to adsorb 
CO2. In this work, metal carbonates were prepared consisting of Zn

2+
,Mg

2+
, and Cu

2+
 metal ions. The 

samples were characterized with Powder X-ray Diffraction Analysis (PXRD), Fourier Transform Infrared 
Spectroscopy (FTIR), thermogravimetric analysis (TGA), and BET analysis. Furthermore, these samples 
were measured with Rubotherm Magnetic Suspension Balance to investigate their CO2 adsorption 
behavior and performance.  The authors appreciate financial support from the Qatar National Research 
Fund, QNRF, via NPRP (08-670-1-124). 
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Conductive organic materials are important because of their electronic and optoelectronic properties. A 
crucial characteristic of semiconductors is the ability to control their electrical conductance, where the 
most important property, characterizing the charge transport ability, is the charge carrier mobility, µ. In 
order to enhance the mobility of charge carriers in organic semiconductors, highly crystalline structures 
with close interactions between segments are essential features. Here we present two covalent organic 
frameworks (COFs) with structures based on covalently linked ˊ-conjugated units to afford sheets in 
which ˊ-conjugated units are stacked laterally to give an efficient conducting interface. These two COFs 
have been found to be hole conducting with the highest mobility values among any known organic 
polymer semiconductors. Such COFs combine thermal stability, electrical conductivity, high charge 
mobility, and pore accessibility, as the first members of COF family to exhibit such properties, represent 
an important step towards plastic electronics and optoelectronics. 
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This presentation will describe a simple, surfactant-mediated phase-transfer strategy for the extraction 
and dispersion of nanodiamonds in non-polar organic solvents. Multidentate aminocavitands were 
effective in extracting nanodiamonds of diverse origin and sizes from aqueous to organic phase, in the 
absence of any pretreatment or extreme conditions. Also, they displayed excellent dispersion stability in 
non-polar organic solvents for at least several weeks. Further, we have demonstrated that these 
aminocavitand encapsulated nanodiamonds can act as better nucleation sources compared to 
nanodiamonds in the CVD growth of diamond films. 
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Research in metal-organic frameworks (MOFs) is an ever growing and developing field of work. The wide 
range of MOF applications includes catalysis, sensing, gas storage and separation. To exploit these 
materials to their fullest potential, fine tuning of chemical and physical properties are required. To date, 
only a limited number of functional groups are compatible with traditional solvo-thermal MOF synthesis. 
Post-synthetic modification (PSM) of MOFs offers an alternative route towards the synthesis of interesting 
functional groups after the framework is formed. Another route is through post-synthetic deprotection 
(PSD). This involves the formation of MOFs with protected functional groups which can later be revealed. 
Herein we describe how to use light as a mild deprotecting method to introduce metal coordinating 
hydroxyl groups that would normally disrupt MOF formation. 
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Reducing the anthropogenic emission of CO2 has recently become an all-around concern. Among several 
options, CO2 capture is a well-accepted solution. A variety of technologies/methods of CO2 capture have 
been developed, however the separation of CO2 from gas streams is still the biggest issue. In addition to 
various techniques, the exploration of capture materials with high separation ability and low cost are of 
paramount importance. Metal-organic frameworks (MOFs), a new class of porous materials comprised of 
ordered networks formed by organic linkers bridging inorganic nodes are promising in CO2 capture. 
Herein we present an exploration of series of ionic MOFs with high porosity and tailored pore surface for 
enhanced CO2 separation performance. Synthesis, structural characterizations, and CO2 selective 
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adsorption and separation of these MOFs have been performed. The high CO2 separation ability was 
evaluated by both experimental measurements and molecular simulations. 
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Metal-organic frameworks (MOFs) are porous materials that have been constructed from inorganic 
clusters and tunable organic linkers. MOFs have been extensively investigated for gas adsorption, 
separation, catalysis, and molecule delivery system applications. We and others have reported 
postsynthetic modification (PSM) as a method for tuning organic linker in MOFs. Through PSM, new 
physical and chemical properties can be introduced in MOFs. Despite these significant advances, 
covalent PSM has been limited to only certain types of functional groups such as amino substituent. 
Thus, novel PSM is required for introducing new functional moieties in MOFs. Recently, we have 
developed a new transformation reaction involving an aryl halide within a Zr-based MOF. To the best of 
our knowledge, this is the first PSM reaction using an aryl halide chemical handle within MOF. The use of 
aryl halide opens up new tools and hence new possibilities for tuning the pore functionalities in 
frameworks. 
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Supramolecular complexation is frequently used for molecular transportation. Guest molecules of less 
solubility are usually complexed with a soluble host to transport the molecule to a desired solvent system. 
This property can be used for metal-ligand complexation by transporting lignads to appropriate solvent 
system. In the beginning of such a project, complexation of ɓ-cyclodextrin and some small guest 
molecules were studied. It was found that based on the functional group of the guest molecule the 
solubility of the host molecule can be modulated. 
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Lithium-ion batteries have found widespread use due to the fact they are rechargable, have high energy 
densities, low environmental impact, and high currents. Currently, cathode and anode materials do not 
have the same capacity, so the full energy potential of these batteries has not been realized. One reason 
the cathodes lag behind the anode materials is that on the macro-scale these materials tend to degrade 
over time as Li+ ions are shuttled back and forth. It has been shown that nanomaterials resist this 
degradation which has resulted in improved properties such as lifetime and capacity. Lithium vanadium 
oxide is used in Li-ion batteries because it has a theoretical capacity of 300 mAh/g; however, this material 
has not been fully exploited. We have synthesized a novel family of vanadium alkoxides and lithium 
vanadium alkoxides for the production of nanomaterials to be used in Li-ion batteries. Nanomaterials 
were synthesized via solution routes due to their reproducible and easily scalable parameters. The 
synthesis and characterization of these compounds and the corresponding nanomaterials will be 
presented.  This work supported directly by the Department of Energy - Office of Basic Energy and 
Science and the United States Department of Energy under contract number DE-AC04-94AL85000. 
Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company, for 
the United States Department of Energy. 
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In the fast growing field of porous coordination networks (aka MOFs), it is of great interest to achieve 
systematic functionalization of the pores while maintaining the underlying topology of the main framework. 
Bifunctional molecules with primary groups for network construction and secondary ones for pores 
functionalization appear to be potentially versatile building blocks. Recently, we show great interest in 
bifunctional molecules containing chemically hard carboxylic groups and chemically soft thioether groups 
for functionalizing metal-organic frameworks (MOFs), and aiming to further demonstrate its efficacy and 
generality in connection with the prototypal MOF-5 system [i.e., Zn4O(bdc)3; bdc: 1,4-
benzenedicarboxylate]. Specifically, the thioether side chain CH3SCH2CH2S- (methylthioethylenethio, or 
MSES) is attached to the 2,5- positions of bdc, and the resultant molecule (L) was crystallized with Zn(II) 
ions into a porous, cubic network [Zn4O(L)3] topologically equivalent to MOF-5. Compared with the 
previously used methylthio (CH3S-) group, the MSES side chain is more flexible, has more S atoms as 
the binding site (per chain), and extends further into the channel regionðand is therefore predisposed for 
more efficient binding to soft metal species when installed in a porous MOF matrix. The activated sample 
has shown significantly improved properties, for example, long term stability in air (over 3 weeks), a 
notable sensing response to nitrobenzene (in the form of fluorescence quenching), and capable of taking 
up HgCl2 from an ethanol solution. (This work is supported by the Research Grants Council of Hong 
Kong; Project No. 9041322, CityU 103008). 
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Single crystalline potassium titanate K3Ti8O17 nanowires with [010] growth direction (length: 5 ï 30 ɛm, 
diameter: 80 ï 100 nm) was synthesized by direct oxidation of Ti powder mixed with KF(aq) in water vapor 
at 923 K. Nitridation of the nanowires by NH3(g) at 973 ï 1073 K converted the titanate nanowires into 
rock-salt structured cubic phase single crystalline titanium oxynitride TiNxOy nanotubes (x: 0.88, y: 0.12, 
length: 1 ï 10 ɛm, diameter: 150 ï 250 nm, wall thickness: 30 ï 50 nm) and nanorods (x: 0.5, y: 0.5, 
length: 1 ï 5 ɛm, diameter: 100 ï 200 nm) with rough surfaces and [200] growth direction. The overall 

reactions are summarized below.     
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The ZnO nanorods TFT using solution process was investigated. The nanorods were well-chemically 
synthesized by ultrasonic methods and their length and diameter were adjusted to about ~50nm and 
~10nm in [figure 1], respectively. The nanorods were coated onto SiO2 substrate by spin casting. For 
some samples, an additional zinc oxide layer was formed using a zinc acetate overcoat or an ink based 
on ammine-hydroxo zinc species. After annealing at 200 

o
C, the particles were three dimensionally 

interconnected to form a large grain structure as shown [figure 2]. The ZnO TFT using an overcoat layer 
showed respectable mobility annealing at 200 

o
C.     

   SEM image of the as-synthesized 

ZnO particles.       SEM image of ZnO 
with overcoat layer using ammine-hydroxo zinc species. : annealed at 200 

o
C. 
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Carbon dioxide removal from flue gases of power plants is critical for reduction of greenhouse gas 
emissions implicated in global warming. Metal organic frameworks (MOFs) show potential applications in 
carbon dioxide capture due to their unique structural properties such as high porosity and high thermal 
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stability. In this work, we will present our investigation on carbon dioxide and nitrogen adsorption on some 
MOF compounds. 
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We prepared gold-palladium bimetallic nanoparticles, and examined the efficiency of the catalytic 
homocoupling reaction of benzoic carboxylic acid in aqueous solution upon exposure to solar simulated 
light. The size, shape, and distribution of the bimetallic nanoparticles were thoroughly characterized by 
UV-visible spectroscopy, scanning and transmission electron microscopy, and dynamic light scattering. 
Given the strong absorption property of gold and the high catalytic nature of palladium, a higher coupling 
reaction of benzoic acid was observed in the presence of these bimetallic nanoparticles under the light 
irradiation. The results demonstrate the possible use of solar energy in organic reactions by utilizing the 
absorption property of metal nanoparticles. 
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We report the synthesis, characterization, and catalytic activity of silicon oxynitride materials formed 
mainly on the shell of a mesoporous core/shell silica microsphere whose diameter is about 300 nm. The 
oxynitride phase was grown solely within the silica shell by treatment of the core/shell microsphere with 
ammonia at 973 K for 12 h. The resultant material, SiO2-xNx@SiO2, was fully characterized by various 
techniques such as transmission electron microscope, photoluminescence (PL), 

29
Si MAS NMR, XPS, 

and nitrogen absorption isotherms. Based on the spectroscopic data, the oxygen in the silica shell might 
be replaced partially by nitrogen or NHx moieties, which can be active sites for base catalysts. The 
oxynitride core/shell materials show an excellent catalytic activity for the Knoevenagel condensation 
reaction between benzaldehyde and malonitrile despite of low nitrogen content. Moreover, they exhibit 
distinctive broad PL signals in the range of 300 to 550 nm. 
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The chemistry of titania has recently received much scientiýc and technological attention owing to its 
widespread applications in a variety of ýelds including solar energy conversion, photocatalysis, optics, 
catalysis, photochromic devices, and gas sensing. Titania containing noble metallic nanoparticles can 
enhance the photocatalytic efficiency of photochemical reactions. In this study, titania rods were 
synthesized by microwave-assisted solvothermal method using TTIP as the precusrors in the presence of 
benzyl alcohol. Titania rods containing noble metallic nanoparticles including Au, Pt, and Cu were 
prepared by reduction of metal ions with sodium borohydride. The TEM images confirm the uniform 
distribution of nanoparticles (Au, Pt, Cu) on the surface of the rods. The observed average grain sizes of 
nanospeheres were about 3, 2.5, and 3 nm for Au:TiO2, Pt:TiO2, and Cu:TiO2, respectively. The XRD 
patterns clearly indicate that the titania is a pure anatase phase (JCPDS 21-1272). The photocatalytic 
activity of metal-deposited titanaia nanorods were further evaluated and the excellent photocatalytic 
efficiency of metal-doposied titania nanorods towards degradation bisphenol A was demonstrated. 
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The efficient regulation of the 'Grid' requires constant and rapid adjustment of demand/overage. The 
variable nature of alternative energies (i.e., solar and wind) will only magnify the existing lag between the 
demand and response. Flywheels are a safe, green, quite, and reliable means for regulating the 'Grid'. As 
the technology of nanocomposites continues to improve, the tailored combination of nano-scale fillers and 
larger carbon fibers could result in stronger rims for high-speed carbon and glass flywheels. This work 
focuses on the development and characterization of high quality well-characterized nanomaterials and 
their impact on the resin investigated, improving energy storage capability while dramatically lowering the 
unit cost of stored energy. In particular, we have developed several large scale routes to TiO2 
nanoparticle and characterized their surface chemistries (zeta-potentials), and tested their impact on the 
final systems properties. 
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Amyloid peptide can self-assemble into nanosized fibrillar structures, and therefore is a very attractive 
candidate material for functional nanowire building block. However, modification of amyloid peptides with 
functional group often affects the self-assemble capability and precludes the amyloid fibril formations. 
Here, we report the development of a novel method for effective formation of functionalized amyloid 
nanowires. This method is based on use of Structure-Controllable Amyloid Peptide (SCAP), which 
contains a unit of three amino acid residues at the N-terminus of amyloid peptide. Even if large functional 
groups were attached, the method of mixing multiple SCAPs allowed us to prepare extremely long fibrils. 
Furthermore, we covalently attached a specific probe molecule to the SCAP (probed SCAP). By mixing 
with unmodified SCAPs, the probed SCAPs also formed long fibrils. The resulting probed nanowires were 
easily functionalized with various molecules, via specific interaction of the functional molecules with the 
probe. 
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Department of Chemical & Materials Engineering, San Jose State University, San Jose CA, United States  

Nanoscopic 1-D structures of TiO2 on transparent conductive substrates are desirable for solar cell 
fabrication such as dye sensitized cells. While the hydrothermal growth is a facile approach to create TiO2 
nanowires on substrates, their efficacy is often hampered by lack of control over placement of the 
nanowires. We report an investigation on the experimental parameters for controlling the growth TiO2 
nanowires on fluorine-doped tin oxide substrates. The effect of reaction time, temperature, concentration 
of reactants, and additives on the morphology, dimension and number density TiO2 nanowires will be 
presented. The controlled growth of TiO2 nanowires on the surface of other oxides such as TiO2 and SiO2 
will be discussed as well. 

INOR 239 

Controllable metalation of multivariate metal organic frameworks with retention of porosity and 
crystallinity 

Jonathan Brown
(1)

, jbrown@chem.ucla.edu, 4006 Young Hall, Box 951569, Los Angeles CA 90095-
1569, United States . (1) Department of Chemistry, University of California, Los Angeles, Los Angeles CA 
90024, United States  
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Metal Organic Frameworks (MOFs) are porous, extended structures with surface areas exceeding 2000 
m

2
/g. Until recently it was only possible to incorporate type of one link in a MOF-5 structure. By simply 

incorporating multiple link types in the solvothermal synthesis, it was shown that multiple links could be 
homogenously introduced across the MOF structure.  Post synthetic metalation of MOFs has shown that 
new metals can be incorporated within the framework for enhanced catalysis and gas adsorption. A 
limitation of metalation is pore blockage and metal loading is not controlled. By using the MTV principle 
and multiple linkers in a MOF, we can diffuse active functionalities across the MOF framework. 

INOR 240 

Combined experimental-computational investigation of carbon dioxide capture in a series of 
isoreticular zeolitic imidazolate frameworks 

Belinda Leung
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Brian B. Laird
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(1)

. (1) Department of Chemistry and Biochemistry, University of 
California, Los Angeles, Los Angeles CA 90095, United States (2) Department of Chemistry, University of 
Kansas, Lawrence KS 66045, United States (3) Department of Chemistry and Biochemistry, Eastern 
Washington University, Cheney WA 99004, United States (4) Department of Materials Science and 
Engineering, University of California, Berkeley, Berkeley CA 94720, United States  

A series of zeolitic imidazolate frameworks have been experimentally and computationally investigated 
based on functionality in relation to carbon dioxide uptake capacity. Five 3-D porous frameworks have 
been synthesized using zinc(II) acetate and five different 4,5-functionalized imidazolate units with the 
same underlying topology (RHO); namely, ZIF-25, -71, -93, -96, and -97. The only variation in structure 
arises from the functional groups that are directed into the pores of these materials, which include -CH3, -
OH, -Cl, -CN, -CHO, and NH2; therefore, these 3-D frameworks are ideal for the study of the effect of 
functionality on CO2 uptake. Experimental results show CO2 uptake at approximately 800 torr and 298 K 
ranging from 0.65 mmol g

-1
 in ZIF-71 to 2.18 mmol g

-1
 in ZIF-96, and molecular modeling calculations 

reproduce the pronounced dependence of the equilibrium adsorption on functionalization. 
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EuSe nanoparticles: Facile synthesis and controllable morphology 

Chuanxi Wang
(1)

, inquanjlu@163.com, Jilin University, Changchun Jilin 130012, China ; Quan Lin
(1)

. (1) 
Department of Chemistry, Jilin University, State Key Laboratory of Supramolecular Structure and 
Materials, Changchun Jilin 130012, China  

We prepared highly dispersive divalent state EuSe nanoparticles by using EuCl3 (H2O)6 and element of 
Se. The result nanoparticles with narrow size distribution displayed strong blue emission (quantum yield 
of 2.8%) and paramagnetic property. The morphology of resultant EuSe nanoparticles was controllable 
from nanobelts to hollow nanoparticles by changing synthesis temperature, the molar ratio and kinds of 

capping reagents.     Figure 1. a, The 
overall prepared procedure for EuSe nanoparticles; (b-d), different morphology of resultant EuSe 
nanoparticles: b, nanobelts; c, nanorods; d, hollow nanoparticles.  Moreover, this method was easy 
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operation and high reproducibility, which was important for large-scale production. These advantages 
indicated the strong potential of the reported nanoparticles to be applied into various areas, including 
opto-magnetic device, optical isolators and photo magnetic memories. 

INOR 242 

Incorporation, oxidation and demetallation of copper-complexed rotaxane struts in a metal-
organic framework 

Mohamad Hmadeh
(1)

, mhmadeh@gmail.com, 405 Hilgard Avenue, Los Angeles, CA 90095, USA, Los 
Angeles California, United States ; Ali Coskun

(2)
; Felipe Gandara

(1)
; J Fraser Stoddart

(2)
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Sauvage
(2)

; Omar M Yaghi
(1)

. (1) Department of Chemistry and Biochemistry,, University of California, Los 
Angeles, Los Angeles California 90095, United States (2) Department of Chemistry, Northwestern 
University, Evanston IL 60208, United States  

The incorporation of mechanically interlocked subunits such as rotaxanes and catenanes into porous 
metal-organic frameworks (MOFs) has recently been recognized as a strategy for introducing dynamics 
within otherwise rigid, robust frameworks. Here, we report the successful incorporation of copper(I)-
complexed [2]rotaxanes into a MOF (termed MOF-1040). We present the synthesis and crystal structure 
of MOF-1040 and discuss how the complex can be oxidized chemically to form a copper(II) complex 
within the MOF architecture demonstrating that redox switching is possible within the framework. We 
further show that copper(I) can be removed using cyanide

 
ion without affecting the integrity of the MOF 

and resulting in some relative movement of the 30-membered ring inside the integrated solid-state 
system. 

INOR 243 

Nanometer-sized hydrous ruthenium oxide deposited by electrochemical method for 
supercapacitors 

Jie Wang
(1)(2)

, wjie@mail.xjtu.edu.cn, 28 Xianning West Road, Xi[apos]an ShanXi, China ; Youlong Xu
(1)

; 
Chunqiang Jiang

(2)
; Linbin Meng

(2)
; Dan Peng

(2)
. (1) Electronic Materials Research Laboratory, Key 

laboratory of the Ministry of Education, Xiôan Jiaotong University, China (2) China Zhenhua (Group) 
Xinyun Electronic Comp. & Dev. Co. Ltd, China  

This study demonstrates the success in the direct deposition of nanostructured hydrous ruthenium oxide 
(RuO2·xH2O) on titanium (Ti) substrates by cyclic voltammetry (CV) technology in RuCl3·xH2O aqueous 
solutions. The growth mechanism, revealed by using Energy Dispersive X-Ray Spectroscopy (EDS) and 
scanning electron microscopy (SEM) techniques, is that Ru

3+
 ions are reduced to nanostructured 

ruthenium (Ru) particles during negative potential scanning, then the nanostructured Ru particles are 
oxidized to RuO2·xH2O granules also in nanometers during the following positive scanning. The unique 
nanometer structure of RuO2·xH2O, rather than the conventional ñmud-crackedò structure, enable itself a 
high specific capacitance of 800 F/g and a very fast charging/discharging ability. In addition, the 
capacitance retains 99% after 100,000 charging/discharging cycles. All of these indicate the RuO2·xH2O 
in nanometers is an excellent electrode material for energy storage and conversion devices, such as 
supercapacitors. 

INOR 244 

Supercritical CO2 as a reaction medium: A greener synthesis of CuInS2 nanoparticles and its 
alloys 

Yuee Feng
(1)

, yueefeng@gmail.com, 921 S. 8th Ave. Mailstop 8023, pocatello ID 83209-8023, United 
States ; Joshua J Pak

(1)
; Robert V Fox

(2)
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(1)
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(1)
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(1)
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Supercritical CO2 has been applied for the preparation of nanoparticles due to their non-polluting and 
non-toxic character. Ternary I-III-VI semiconductors have attracted much attention due to their potential 
photovoltaic applications. These materials are potentially useful for light-weight, cost-effective solar cells, 
which fits the interests of NASA.  Inspired by the potential uses of CuInS2 and the advantage of 
supercritical CO2 as an environmentally benign solvent, we have prepared CuInS2 nanoparticles through 
thermo-decomposition of single source precursors assisted by environmentally benign supercritical CO2 
as a reaction medium. This reaction requires no other solvents and happens at lower temperature. This 
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reaction can be expanded to prepare quaternary CuInGaS2 alloy nanoparticles without extensive 
modification of reaction conditions. 

INOR 245 

(ɖ
5
-C5Me5)Ir

III
(N-heterocyclic carbene) complexes for catalytic alkane oxidation 

Joseph M Meredith
(1)

, joemmoby@u.washington.edu, Box 351700, Seattle WA 98195-1700, United 
States ; Karen I Goldberg

(1)
; Werner Kaminsky

(1)
; D Michael Heinekey
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University of Washington, Seattle WA 98195-1700, United States  

Iridium
III
 complexes are attractive candidates for direct functionalization of abundant alkanes, such as 

methane. However, iridium catalysts have received little attention. This study focuses on iridium 
complexes containing ɖ

5
-C5Me5 (Cp*) and monodentate N-heterocyclic carbene (NHC) ligands. The 

complexes [Cp*Ir
III
(NHC)(Me)]

+
[MeB(C6F5)3]

-
 activate the C-H bonds of hydrocarbons and activate 

molecular oxygen. The latter reaction forms the unusual oxo-bridged dimer [{Cp*Ir(NHC)(Me)}2(ɛ-
O)]

2+
[2{MeB(C6F5)3}]

2-
, which has been characterized by NMR and optical spectroscopies as well as 

single crystal X-ray diffraction analysis.    
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Palladium(II)-catalyzed enantioselective addition of diphenylphosphine to enones: Efficient 
access to chiral tertiary phosphines 

Yinhua Huang
(1)

, s070047@e.ntu.edu.sg, 21 Nanyang Link, Singapore Singapore 637371, Singapore ; 
Sumod A Pullarkat

(1)
; Yongxin Li

(1)
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(1)
. (1) Division of Chemistry and Biological Chemistry, 

School of Physical and Mathematical Sciences, Nanyang Technological University, Singapore 637371, 
Singapore  

Chiral tertiary phosphines were synthesized by asymmetric hydrophosphination of aromatic enones 
catalyzed by an organopalladium complex with high yields and stereoselectivity. The procedure offers 
practical access to chiral tertiary phosphines.  
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New easy-to-handle scaffolds for asymmetric catalysis: Air-stable chiral binaphthyl-phosphirane 
ligands 

Arne Ficks
(1)

, arne.ficks@newcastle.ac.uk, Bedson Building, Newcastle upon Tyne Tyne and Wear NE1 
7RU, United Kingdom ; Ivan Martínez-Botella

(1)
; Lee J Higham

(1)
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Phosphiranes are 3-membered highly strained heterocycles prone to ring-opening/ decomposition.
[1]

 They 
have been stabilized by incorporation into a polycyclic framework.

[2]
 We report the synthesis of new air-

stable, chiral phosphirane ligands with binaphthyl backbones, which were synthesized in one step from 
their primary phosphine precursors.

[3]
 The remarkable air-stability of the resulting phosphiranes is 

attributed to electronic factors, which were further elucidated by quantum chemical calculations. Although 
air-stable, common reactivity patterns are still present: 1-Methyl phosphiranium triflates were obtained 
quantitatively at room temperature after treatment with methyl triflate. Coordination chemistry with 
platinum(II) was established giving bis(phosphirane)-complexes which were unambiguously characterised 
in the solid state by X-ray diffraction. The catalytic activity of the ligands was tested in the rhodium-
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catalyzed hydrogenation of (Z)-methyl-2-acetamido cinnamate and the palladium-catalyzed 
hydrosilylation of styrene showing promising results with up to 80% ee.    [1] X. Li, S. I. Weissman, T.-S. 
Lin, P. P. Gaspar, J. Am. Chem. Soc. 1994, 116, 7899-7900. [2] See e.g. (a) J. Liedtke, S. Loss, G. 
Alcaraz, V. Gramlich, H. Grützmacher, Angew. Chem. Int. Ed. 1999, 38, 1623-1626; (b) C. Laporte, G. 
Frison, H. Grützmacher, A. C. Hillier, W. Sommer, S. P. Nolan, Organometallics 2003, 22, 2202-2208. [3] 
R. M. Hiney, L. J. Higham, H. Müller-Bunz, D. G. Gilheany, Angew. Chem. Int. Ed. 2006, 45, 7248-7251. 
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New catalysts based on cyclopropenylidene ligands  

Ratanon Chotima
(1)

, chxrc@bristol.ac.uk, Cantock[apos]s Close, Bristol Avon BS8 1TS, United Kingdom 
; Duncan F, Wass

(1)
; Richard L. Wingad

(1)
. (1) School of Chemistry, University of Bristol, Bristol BS8 1TS, 

United Kingdom  

N-Heterocyclic carbene ligands have attracted much recent interest as supporting ligands in 
homogeneous catalysis. By contrast, carbocyclic cyclopropenylidene carbene ligands are less studied in 
this regard but are interesting as potentially very strong ů donors. Their complexes are thermally and 
chemically robust due to a resonance contribution from a stable 2ˊ aromatic cationic cyclopropenium 
species. We have recently synthesis palladium complexes of such ligands and demonstrated them to be 
effective catalysts for C-C and C-N coupling reactions.[i] This paper will describe our further studies into 
the coordination chemistry and catalytic coupling chemistries of such complexes. Recent results have 
described how imine-type species based on similar carbene fragments are themselves interesting 
ligands.[ii] We will also describe the development of a range of novel imine ligands containing 
cyclopropenylidene moieties, the coordination chemistry of such ligands and preliminary catalytic results.        
([i]) Wass, D. F.; Haddow, M. F.; Hey, T. W.;Orpen, A. G.; Russell, C.A.; Wingad, R. L.; Green, M. Chem. 
Commun., 2007, 2704; Wass, D. F.; Hey, T. W.; Rodriguez-Castro, J.; Russell, C. A.; Shishkov, I. V.; 
Wingad, R. L.; Green, M.; Organometallics, 2007, 26, 4702.    ([ii])Bruns, H.; Patil, M.; Carreras, J.; 
Vázquez, A.; Thiel, W.; Goddard, R.; Alcarazo, M.; Angew. Chem. Int. Ed. 2010, 49, 3680. 
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Transition metal complexes incorporating amidine-based ligands for selective ethylene 
oligomerization 
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Most commercial Ŭ-olefin processes produce a full product range (e.g. C4 ï C20+ Ŭ-olefins). However, 
catalysts that selectively trimerize and tetramerize ethylene to 1-hexene and 1-octene, respectively, are 
becoming more prominent due to the higher commercial value of these Ŭ-olefin fractions. The selective 
catalysts are often chromium-based, such as the Cr-pyrrole catalyst used in Chevron Phillips Chemical 
Company's commercial process for 1-hexene. Other chromium complexes supported by multidentate 
ligands (e.g. PNP, SNS) are also effective. We have expanded the family of selective catalysts by 
supporting transition complexes with amidine-based ligands incorporating additional donors. Synthetic 
schemes have been developed for the ligands and for the resulting metal complexes. X-ray 
crystallographic, spectroscopic and magnetic susceptibility characterization data, as well as ethylene 
oligomerization results will be presented. 
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Asymmetric hydroarsination reactions toward synthesis of alcohol functionalised C-chiral P,As-
ligands promoted by chiral cyclometallated complexes 

Yuen Lin Cheow
(1)
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Singapore 637371, Singapore ; Sumod A Pullarkat

(1)
; Yongxin Li

(1)
; Pak-Hing Leung

(1)
. (1) Division of 

Chemistry and Biological Chemistry, Nanyang Technological University, Singapore Singapore 637371, 
Singapore  

The asymmetric hydroarsination reactions between diphenylarsine and 3-diphenylphosphanyl-but-3-en-1-
ol and 2-diphenylphosphanyl-prop-2-en-1-ol have been achieved by using the organopalladium complex 
containing ortho-metallated (R)-[1-(dimethylamino)ehtyl)napthalene as the chiral reaction template in high 
stereoselectivities under mild conditions. Hydroarsination of 3-diphenylphosphanyl-but-3-en-1-ol with 
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diphenylarsine generated only one stereoisomer as five-membered P-As bidentate chelate on chiral 
napthylamine palladium template. Using the same chiral metal template, the similar hydroarsination 
reaction was carried out on 2-diphenylphosphanyl-prop-2-en-1-ol which gave two different products in the 
ratio of 2.6 to 1. The major isomer was identified as the expected five-membered P-As bidentate ligand 
and the minor isomer was identified as the substitution product. The napthylamine auxiliary could be 
removed chemoselectively by treatment with concentrated hydrochloric acid. Optically pure P-As ligands 
containing hydroxy groups at the chiral carbon centres was prepared by ligand displacement. The 
absolute configuration and the coordination properties of the complexes have been established by single-
crystal X-ray analysis. 
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Modulating electron density in the Fe2S2 core of [FeFe]-Hydrogenase active site mimics: Effect of 
electronegative ligands and heavier chalcogens 
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. (1) Department of 
Chemistry and Biochemistry, The University of Arizona, Tucson AZ 85721, United States (2) Department 
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Modulation of electron density in the Fe2S2(CO)6 core of [FeFe]-hydrogenase active site mimics by 
substituting electronegative ligands and heavier chalcogens is observed with photoelectron and infrared 
spectroscopic studies. To determine this phenomenon several active site mimics have been prepared; 
Fe2(ɛ-SC6H4S-ɛ)(CO)6 (1a), Fe2(ɛ-SeC6H4Se-ɛ)(CO)6 (1b), Fe2(ɛ-SC5NH3S-ɛ)(CO)6 (2a), Fe2(ɛ-
SC4N2H2S-ɛ)(CO)6 (2b), Fe2(ɛ-S2C5H8O)(CO)6 (3a), Fe2(ɛ-Se2C5H8O)(CO)6 (3b), Fe2(ɛ-Te2C5H8O)(CO)6 
(3c), Fe2(ɛ-SC3H6S-ɛ)(CO)6 (4a), Fe2(ɛ-SC3H6Se-ɛ)(CO)6 (4b), Fe2(ɛ-SC3H6Te-ɛ)(CO)6 (4c), Fe2(ɛ-
SCH2SCH2S-ɛ)(CO)6 (5a) and Fe2(ɛ-SeCH2SCH2Se-ɛ)(CO)6 (5b). (see figure1) Impact of this effect to 
the electronic structures and formation of a bridged ñrotatedò CO structure in anionic species is found to 
be substantial. Details of the effect to the mechanism of H2 production from acetic acid are characterized 
via single crystal X-ray analysis, electrochemical measurement and computational modeling.  
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Diastereoselective synthesis of P,N ligands via a chiral naphthylamine palladium (II) complex 
controlled asymmetric hydroamination reactions 
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Optically pure functionalized P,N ligands carrying two carbon stereogenic centers were generated in high 
yields and good stereoselectivity via asymmetric hydroamination reactions promoted by a chiral 
naphthylamine palladium (II) complex under mild conditions. The ortho-palladium complex promoted 
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asymmetric hydroamination reactions showed excellent regioselectivity and stereoselectivity. The 
hydroamination products were isolated in high yield and configurations of P,N ligands were characterized 
by means of single crystal X-ray diffraction analysis.  
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Dinitrone pincer complexes of transition metals: Synthesis, structural characterizations and 
catalysis 

Yao Zhang
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Nitrones are a series of compounds well known for their pharmaceutical and medical values. The dipolar 
nature of a nitrone group could render the O atom a stronger electron donor, so that the coordination 
bonding between O atom and transition metals should be presumably enhanced. Therefore, we reasoned 
that a nitrone group might be a good choice in developing new OXO-type (X = C or N) pincer ligands. 
Novel nitrone-based pincer ligands have been synthesized via the condensation of aldehyde derivatives 
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and N-(tert-butyl)hydroxylamine acetate. The developed ligands allowed us to synthesize a series of 
neutral or cationic Ru(II), Pd(II) and Ni(II) OXO-type (X = C or N) pincer complexes. Ruthenium dinitrone 
complex has been shown as an active catalyst for transfer hydrogenation reactions, and palladium 
dinitrone complexes for the Heck couplings, and nickel complex for the Kumada reactions with turnover 
numbers(TONs) up to 950 000. 
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Redistribution of trialkyl silanes catalyzed by iridium silyl complexes 

Sehoon Park
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The reaction of [Ir(COE)2Cl]2 with excess triethyl silane gives H2(Cl)Ir(SiEt3)2, catalyst 1, in good yield. 
The structure of this complex has been characterized by 

1
H, 

13
C and 

29
Si NMR spectroscopy and 

elemental analysis. Catalyst 1 (1 mol %) promotes the redistribution of Me2RSiH (R = Et, Ph, CH2Ph) to 
result in a statistical mixture of Me3SiH, Me2RSiH, and R2MeSiH with a ratio of 1:2:1. Heating a solution of 
catalyst 1 and excess Et3SiH leads to the formation of a second species, 2, whose structure is tentatively 
identified as a silylene derivative. Complex 2 has shown exceptionally high catalytic activity for the 
redistribution of Me2EtSiH in the presence of Lewis acidic additives. The synthetic and mechanistic details 
of these reactions will be discussed. 
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Mechanisms of hydrogenation of polar double bonds catalyzed by platinum group metal 
complexes featuring a chelating N-heterocyclic carbene with a tethered primary-amine donor 
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We have recently reported some platinum group metal complexes with a chelating N-heterocyclic 
carbene (NHC) with a primary amine donor (CïNH2) that are active catalysts in the transfer 
hydrogenation of ketones using 2-propanol and in the H2-hydrogenation of many molecules with polar 
double bonds. Studies of the possible bifunctional action involving co-operative action of the MïH and Mï
NïH grouping, including the catalyst types [Ru(ɖ

6
-p-cymene)(CïNH2)X]PF6 (X = chloride or hydride) and 

[M(ɖ
5
-C5(CH3)5)(CïNH2)L]PF6 (M = Ru, L = pyridine and the neutral hydride complex; M = Ir, X = chloride 

or hydride), by both experimental and theoretical means, will be presented, and the differentiation 
between the inner and outer sphere mechanisms will be justified.  References: (1) O, W. W. N.; Lough, 
A. J.; Morris, R. H. Organometallics 2009, 28, 6755-6761. (2) O, W. W. N.; Lough, A. J.; Morris, R. H. 
Chem.Commun. 2010, DOI:10.1039/c0cc02664f. 
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A new functional mimic, [(µ-3,4-thiophenedithiolato)][Fe(CO)3]2, 1, of [FeFe]hydrogenase was prepared 
and characterized including using photoelectron spectroscopy, electrochemistry, and DFT computations. 
1 has a semi-reversible two-electron reduction at -1.3 V and catalyzes reduction of protons from weak 
acid to produce hydrogen in acetonitrile at -1.9 V vs Fc

+
/Fc. 1 features unique structural distortions in 

forming a rotated cation 2 as well as dianion 3. The behavior is compared and contrasted with that of the 
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analogous [(µ-1,2-benzenedithiolato)][Fe(CO)3]2.  
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Organometallic iridium dithiolato complexes catalyzed N-alkylation of amines with alcohols 
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. (1) Division of Chemistry and Biological Chemistry, 

School of Physical and Mathematical Sciences, Nanyang Technological University, Singapore Singapore 
637371, Singapore  

N-Alkylation of amines with alcohols is of interest due to it is efficient method for synthesis of amines 
which related to the atom-economical synthesis of pharmaceutically significant molecules. Imine always 
obtained as minor product. We found that [Cp*Ir(ɖ

3
-tpdt)] (1) (tpdt, 3-thiapentane-1,5-dithiolate) was also 

catalytically active for this reaction, but the main product was imine not expected amine. 

  

INOR 260 

Bis-isocyanide Palladium catalyzed Suzuki-Miyaura cross-coupling 

Julia M Stauber
(1)

, jmstaube@ucsd.edu, 9500 Gilman Dr. Mail Code 0358, La Jolla California 92093, 
United States ; Joshua S Figueroa

(1)
. (1) Department of Chemistry and Biochemistry, University of 

California, San Diego, La Jolla California 92093, United States  

The low coordinate bis-isocyanide Palladium complex, Pd(CNAr
Dipp2

)2, has been shown to serve as a 
catalyst precursor for Suzuki-Miyaura Caryl-Caryl bond formation. The ˊ-acidity of the sterically 
encumbering m-terphenyl isocyanide ligand, CNAr

Dipp2
, stabilizes the electron rich Pd(0) species and 

facilitates the formation of the monoligated, catalytically active PdL complex. Both Pd(PR3)2 and 
Pd(NHC)2 complexes have been established as efficient catalysts for C-C bond formation, however, 
Pd(CNAr

Dipp2
)2 is the first catalytically active isocyanide analogue to be reported. Pd(CNAr

Dipp2
)2 has been 

found to catalyze the Caryl-Caryl bond formation of ortho-substituted arylbromides with unhindered boronic 
acids at 60ęC with 1mol% catalyst loading. Less hindered arylbromides have also been efficiently coupled 
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with both ortho-substituted and unhindered boronic acids at room temperature and 1mol% Pd(CNAr
Dipp2

)2. 
Current work has been focused on the optimization of reaction conditions, which includes reduction of 
temperature and catalyst loading, in addition to development of substrate scope. 

INOR 261 

Synthesis of extremely hindered imidazolylphosphine ligands for catalysis 

Farhana Barmare
(1)

, fbarmare@gmail.com, 5500, Campanile Drive, San Diego California 92182-1030, 
United States ; Douglas B Grotjahn

(1)
; Curtis E Moore

(2)
; Arnold L Rheingold

(2)
. (1) Department of 

Chemistry and Biochemistry, San Diego State University, San Diego California 92182-1030, United 
States (2) Department of Chemistry and Biochemistry, University of California San Diego, La Jolla 
California 92093-0303, United States  

Bifunctional catalysts for alkyne hydration and alkene isomerisation reported by the Grotjahn group 
showed improved reactivity and selectivity of the catalyst when heteroarylphosphines were used, leading 
to rate accelerations of 1000 to 10000 fold. On the heteroarylphosphines, a tert-butyl group near the 
pendant base nitrogen atom resulted in weakening chelation, thus creating active bifunctional catalysts 
with control of proton transfer and hydrogen bonding. The work here describes the synthesis of 
heteroarylphosphine ligands with an extremely bulky group which increases the steric shielding of the 
pendant base and also changes the rate or proportion of chelate opening. Thus, control of the steric 
environment is essential for achieving desired bifunctional reactivity. 

INOR 262 

Exploring the impact of ligand basicity on the activation of C-X bonds by transition metal 
complexes 

John T. York
(1)

, jyork@stetson.edu, 421 N. Woodland Blvd., DeLand FL 32723, United States ; Jacob B. 
Geri

(1)
. (1) Department of Chemistry, Stetson University, DeLand FL 32723, United States  

The activation and/or cleavage of C-X bonds (X = C or heteroatom) is an important step in a wide variety 
of chemical processes. One important factor that is known to affect the ability of a metal complex to 
activate a C-X bond is the electron-donating ability of a supporting ligand. While more basic ligands are 
generally accepted to promote bond activation and/or cleavage, the manner by which ligand basicity 
impacts this reactivity is not fully understood. We present here the results of a computational (DFT) 
investigation of the activation of a variety of organic compounds containing C-X bonds by metal 
complexes having a series of different supporting ligands. Through a systematic tuning of the electron-
donating ability of the ligands on the metal center, we have gained further insight into the fundamental 
ways in which ligand basicity affects C-X bond activation by transition metal complexes. 

INOR 263 

Increased stability of (ɛ-1,3-propanedithiolato)-diironhexacarbonyl anion, and new electrocatalytic 
pathways for molecular hydrogen production 

Gabriel B. Hall
(1)

, gbh@email.arizona.edu, 1306 E University Blvd., Tucson Arizona 85719, United States 
; Laura M.S. Whelan

(1)
; Greg A.N. Felton

(2)
; Shihua Wang

(1)
; Dennis H Evans

(3)
; Richard S. Glass

(1)
; 

Dennis L. Lichtenberger
(1)

. (1) Department of Chemistry and Biochemistry, University of Arizona, Tucson 
Arizona 85719, United States (2) Department of Chemistry, Oakland University, Rochester Michigan 
48309-4401, United States (3) Department of Chemistry, Purdue University, West Lafayette Indiana 
47907, United States  

Inexpensive and efficient production of molecular hydrogen is crucial to a renewable energy economy. 
Hydrogen production catalyzed by [ɛ-1,3-C3H6S2]Fe2(CO)6 (1), and [ɛ-1,3-C3H4(1,3-CH3)2S2]Fe2(CO)6 
(2), which have features similar to the active sites of [FeFe]hydrogenases, are being studied. The 
electronic structure of 2 is found to be very similar to that of the previously studied catalyst 1 as probed by 
photoelectron and infrared spectroscopies. However, reduction of 1 is largely irreversible on the cyclic 
voltammetry (CV) time scale and has been shown to form a dimer, whereas the reduction of 2 is 
reversible on the CV time scale. The catalyzed reduction of protons from weak acids with pKa values from 
18 to 25 in acetonitrile has revealed new catalytic mechanisms occurring at significantly less negative 
reduction potentials than previously observed. Possible pathways of these new mechanisms are 
examined by density functional theory and simulation of the electrochemical data. 

INOR 264 
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[CpFe(CO)(ɛ-SMe)]2 as an electrocatalyst for H2 production 

Elliott R Smith
(1)

, esmith1@email.arizona.edu, 1306 E University Blvd., Tucson AZ 85721, United States 
; Susan S Borowski

(1)
; Gabriel B Hall

(1)
; Shihua Wang

(1)
; Dennis H Evans

(2)
; Richard S Glass

(1)
; Dennis L 

Lichtenberger
(1)

. (1) The Department of Chemistry and Biochemistry, The University of Arizona, Tucson 
AZ 85721, United States (2) The Department of Chemistry, Purdue University, West Lafayette IN 47907, 
United States  

Mimics of the active site of [FeFe]-hydrogenase enzymes have been well-studied over the past decade. 
These mimics typically function between the Fe

1+
/Fe

0
 oxidation states. The hydrogenase-inspired 

complex [CpFe(CO)(ɛ-SMe)]2, has been studied by cyclic voltammetry and found to reduce protons in 
solutions of 2-50 mM acetic acid in acetonitrile to H2. This mimic functions between the same Fe2+/Fe

1+
 

oxidation states as the enzyme. The catalytic reduction of protons shifts to more postive potentials, as the 
acid concentration is increased. In addition, [CpFe(CO)(ɛ-SMe)]2 exhibits two reversible oxidations and 
preliminary studies suggest that this complex catalyzes the electrooxidation of H2. 

INOR 265 

Synthesis, electrochemistry and computational study of an [FeFe]-hydrogenase mimic containing 
a proton relay 

Elizabeth S. Donovan
(1)

, edonovan@oakland.edu, 206 SEB, Rochester Michigan, United States ; Remy 
H. Ajluni

(1)
; Greg A. N. Felton

(1)
. (1) Department of Chemistry, Oakland University, Rochester Michigan 

48309, United States  

Since the discovery of the iron/sulfur-centered redox active site in the [FeFe]-hydrogenase enzyme, much 
research has been devoted to developing a similarly-structured electrocatalyst that can comparably 
reduce protons to yield dihydrogen in support of an environmentally friendly, carbon-neutral fuel source. A 
series of iron-sulfur organometallic compounds have been synthesized that catalytically induce production 
of dihydrogen from weak acids in acetonitrile. The construction of catalysts containing a pendant alcohol 
or amine group is probed as a possible proton relay site, leading to enhanced catalysis rates (represented 
by increased turnover frequencies). The combined effect of electron-donating ligands and electron 
withdrawing sulfur-sulfur bridges is investigated as a route to lower the overpotential of catalysis, whilst 
maintaining rate of catalysis. Additionally, a number of minor structural changes suggest enhanced 
catalyst stability (represented by enhanced turnover numbers). Cyclic voltammetry simulation and DFT 
computations are used to elucidate the catalytic mechanism of these compounds. 

INOR 266 

Investigating the effect of auxiliary ligand basicity on copper-thiophene bond strength 

Jacob B. Geri
(1)

, jgeri@stetson.edu, 421 N. Woodland Blvd., DeLand FL 32723, United States ; John T. 
York

(1)
. (1) Department of Chemistry, Stetson University, DeLand FL 32723, United States  

Sulfur containing thiophene and dibenzothiophenes are contaminants in hydrocarbon fuels. Copper(I) 
salts have been shown to reversibly bind thiophenes and remove them from oil via adsorbtion processes. 
However, little is known about the fundamental nature of the copper-thiophene binding interactions that 
underlie these adsorption processes. One factor that is known to affect the strength of bonds in other 
synthetic organometallic copper(I) complexes is the electron donor ability of a supporting ligand on the 
copper center. Presented here are the results of a computational (DFT) study in which we have examined 
the impact of ligand basicity on the coordination mode and bond strength in copper(I)-thiophene 
complexes. Using a series of sterically homologous ligands with varying donor ability, we have uncovered 
clear preferences in coordination geometry and trends in the various covalent and electrostatic 
contributions to the copper-thiophene bonding interaction. 

INOR 267 

Bifunctional bis-chelating N-heterocyclic carbene complexes 

Jayneil M. Kamdar
(1)

, jayneil.kamdar@gmail.com, 5500 Campanile Dr., San Diego CA 92182, United 
States ; Douglas B. Grotjahn

(1)
; Arnold L. Rheingold

(2)
; James A. Golen

(3)
. (1) Department of Chemistry 

and Biochemistry, San Diego State University, San Diego CA 92182, United States (2) Department of 
Chemistry and Biochemistry, University of California San Diego, San Diego CA 92093, United States (3) 
Department of Chemistry and Biochemistry, University of Massachusetts Dartmouth, San Diego CA 
02747, United States  
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The presence of bifunctionality in a catalyst can prove to have a dramatic effect on the rate and selectivity 
of a chemical reaction. For example, a novel bifunctional catalyst for the anti-Markovnikov hydration of 
terminal alkynes to give aldehydes showed rate acceleration of greater than 10

11
 and aldehyde to ketone 

ratios of 10,000:1. This presentation will discuss synthesis and reactivity studies aimed at observing 
similar bifunctionality and reactivity on bis-chelating N-heterocyclic carbenes (NHCs) with strategically 
functionalized NHC ligands. Steric effects produced by functional groups on the ligand are used to control 
complexation and reactivity of the resulting complexes with substrates. 

INOR 268 

Bulky oxazolidin-2-one titanium precatalysts for hydroamination reactions 

Stephen Waratuke
(1)

, swaratuke@bridgew.edu, 316 Conant Science Building, Bridgewater 
Massachusetts 02571, United States . (1) Chemistry, Bridgewater State University, Bridgewater 
Massachusetts 02571, United States  

Titanium precatalysts with carbamate ligation facilitate the asymmetric intermolecular hydroamination of 
alkynes. Isolated precatalysts and in-situ precatalysts formed with tetrakis(dimethylamido)titanium were 
equally effective in our studies. The ligands include 3-phenyloxazolidin-2-one and (4S,5R)-4,5-
diphenyloxazolidin-2-one and related compounds. By increasing the bulk and using a cyclic carbamate 
moiety, we have tuned the catalyst system and increased the rate of the hydroamination reactions under 
study in our group. 

INOR 269 

Mechanistic studies into transfer hydrogenation catalysis with tetradentate P-N-N-P iron(II) metal 
complexes 

Demyan E Prokopchuk
(1)

, dprokopc@chem.utoronto.ca, 80 St. George Street, Toronto ON M5S3H6, 
Canada ; Marco Zimmer-De Iuliis

(1)
; Nils Meyer

(1)
; Jessica Sonnenberg

(1)
; Alan J Lough

(1)
; Robert H 

Morris
(1)

. (1) Department of Chemistry, University of Toronto, Toronto ON M5S3H6, Canada  

A recent breakthrough in our group showed that Fe(II) complexes can perform asymmetric transfer 
hydrogenation with high enantioselectivity and are more active than Ru catalysts.

1
 According to our 

experimental evidence, it is likely that catalysts containing iron operate by a different mechanism than 
ruthenium catalysts; therefore, it is crucial that we elucidate the mechanism both experimentally and 
computationally. We chose to model the precatalyst trans-[Fe(NCMe)(CO)(P-N-N-P)][(BF4)2] for our 
Density Functional Theory (DFT) studies, where P-N-N-P is the tetradentate ligand (Ph2P(o-
C6H4)C(H)=NCH2CH2=NC(H)(o-C6H4)PPh2 (1exp).

2 
There were two unusual pieces of experimental data 

that could not be clearly explained: firstly, when the precatalyst is reacted with roughly one equivalent of 
base, an unusual alkylamine complex is generated in small quantities, as confirmed by x-ray 
crystallography (2exp); secondly, the infrared spectrum of a crude transfer hydrogenation mixture has 
carbonyl stretches at 1950 and 1873 cm

-1
, the latter being indicative of an Fe(0) carbonyl species. Using 

DFT calculations, we present a possible mechanistic pathway towards the formation of the observed 
alkylamine complex and an Fe(0) carbonyl species with the key transition state being deprotonation of a 
C-H agostic Fe(II) complex with strong base (TSDFT).   

     1. Morris, R. H. Chem. Soc. Rev., 
2009, 8, 2282-2291. 2. Meyer, N., Lough, A. J., Morris, R. H. Chem. Eur. J. 2009, 15, 5605-5610. 
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Method for the regeneration of a ruthenium-based olefin metathesis catalyst 

Daniel S Tabari
(1)

, danny.tabari.96@my.csun.edu, 18111 Nordhoff Street, Northridge California 91330-
8262, United States ; Yann Schrodi

(1)
. (1) Department of Chemistry and Biochemistry, California State 

University, Northridge, Northridge California 91330-8262, United States  
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Olefin metathesis is a fundamental chemical reaction involving the rearrangement of carbon-carbon 
double bonds catalyzed by transition metal complexes, which has been used to develop drug candidates, 
new polymers and materials, and processes to convert petrochemicals and bio-renewable resources 
(e.g., vegetable oils) into useful chemicals and materials. Currently, the most commonly employed olefin 
metathesis catalysts are based on ruthenium. One limitation of these catalysts is their propensity to 
decompose while promoting olefin metathesis, especially when the substrates include terminal alkene 
moieties. We have discovered a new method to regenerate an olefin metathesis catalyst. Indeed, an 
olefin metathesis catalyst was purposefully decomposed under an atmosphere of ethylene resulting in an 
inactive complex; the inactive complex was then treated with our method to give an olefin metathesis 
active mixture of ruthenium alkylidene complexes. Details regarding this regeneration method and the 
nature of the alkylidene species will be discussed. 

INOR 271 

Theoretical studies on reactivity of bis(cyanomethanide) nickel and palladium complexes 

Pia R Alburquerque
(1)

, alburquerque@gram.edu, 403 Main St. GSU Box 4218, Grambling Louisiana 
71245, United States ; Allan R Pinhas

(2)
. (1) Chemistry Department, Grambling State University, 

Grambling Louisiana 71245, United States (2) Department of Chemistry, University of Cincinnati, 
Cincinnati Ohio 45221, United States  

Ab initio computational calculations on the reactivity of the bis(cyanomethanide) nickel and palladium 
complexes are discussed. Previous experimental results found that the complex L2Ni(CH2CN)2 is much 
less stable than the palladium complex. When the cyanomethanide nickel complex is oxidized to induce a 
reductive elimination reaction, succinonitrile is generated. However, the palladium complex does not react 
this way. The X-ray structure of the complex (diphos)Pd(CH2CN)2 served as a model to examine 
structures resulting from nickel complex optimizations using several computational methods. 

INOR 272 

Synthesis of high molecular weight polyethylene using polymeric phenoxy-imine ligated 
zirconium catalyst 

Aitha Vishwa Prasad
(1)

, aitha_vishwa_prasad@ices.a-star.edu.sg, 1, Pesek Road, Jurong Island, 
Singapore Singapore 627833, Singapore ; Algin Oh Biying

(1)
; Ludger Paul Stubbs

(1)
. (1) Institute of 

Chemical and Engineering Sciences, Singapore 627833, Singapore  

Polymerization of ethylene by Bis[N-(3-t-butylsalicylidene)anilinato]zirconium (IV)dichloride (Cat 1) and 
polymeric [N-(5,5'-methylene-di-3-t-butylsalicylaldehydene)anilinato]zirconium (IV)dichloride (Cat 2) were 
explored in the presence of methyl aluminoxane (MAO). Both catalysts were exhibited remarkable 
activities as a function of MAO. Broader and high molecular weight PE was produced from Cat 2. Cat 2 
has displayed nearly 32 times higher molecular weight PE compare to Cat 1 under identical 
polymerization conditions. 
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Understanding the mechanism of catalytic hydrogen production with ɛ-(SCH2XCH2S)[Fe(CO)3]2, X 
= CH2, NH, or O 

Susan C Borowski
(1)

, sborowsk@email.arizona.edu, 3250 E Fort Lowell Road, Apt. 311, Tucson AZ 
85721, United States ; Laura M.S. Whelan

(1)
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(1)
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(1)

; Dennis H Evans
(2)

. (1) Department of Chemistry and Biochemistry, 
The University of Arizona, Tucson AZ 85721, United States (2) Department of Chemistry, Purdue 
University, West Lafayette IN 47907, United States  

[FeFe]-hydrogenase enzymes have the highest activity of their class for catalytically producing molecular 
hydrogen. A series of model complexes of the form ɛ-(SCH2XCH2S)[Fe(CO)3]2, where X is CH2, NH, and 
O, catalytically reduce protons from weak acids, such as acetic acid, to molecular hydrogen. The 
electronic structure of these complexes has been probed by photoelectron spectroscopy, and the redox 
behavior and catalytic production of hydrogen from a variety of weak acids has been compared by 
electrochemistry. Density functional calculations in combination with these experiments are used to 
explore the catalytic mechanisms. Photoelectron spectroscopy shows that the molecule with X = NH2 is 
not intermediate in electronic properties between X = CH2 and X = O, contrary to simple electronegativity 
considerations. Similarly, there are differences in catalytic behavior, and several different catalytic 
mechanisms appear to be at play. 
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Olefin polymerization catalyzed by bisīligated complexes of chelating N-heterocyclic carbene 
ligands on group IV metals 

Amer A El-Batta
(1)

, aelbatta@kfupm.edu.sa, KFUPM 1547, Dhahran Eastern Region 31261, Saudi 
Arabia ; Robert H Grubbs

(2)
. (1) KAUST Center in Development and Department of Chemistry, King Fahd 

University of Petroleum & Minerals, Dhahran 31261, Saudi Arabia (2) Division of Chemistry and Chemical 
Engineering, California Institute of Technology, Pasadena California 91125, United States  

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.

I
 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.

II
 We present the synthesis of novel 

titanium and zirconium olefin polymerization catalysts, supported by chelating salicylaldimine (Sal) ñlikeò 
N-heterocyclic carbenes (NHCs). In situ formation of the N-heterocylic carbene ligand, followed by 
addition of half an equivalent of either TiCl4(thf)2 or ZrCl4 affords the corresponding bis-ligated species 1 
and 2, respectively.

III
 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. Rare examples of early transition metal NHC adducts.  I. Waltman, A. 
W.; Grubbs, R. H. Organometallics 2004, 23, 3105 ï 3107. II. (a) Younkin, T. R.; Connor, E. F.; 
Henderson, J. I.; Friedrich, S. K.; Grubbs, R. H.; Bansleben, D. A. Science 2000, 287, 460 ï 462; (b) 
Connor, E. F.; Younkin, T. R.; Henderson, J. I.; Waltman, A. W.; Grubbs, R. H. Chem. Commun. 2003, 
2272 ï 2273. III. El-Batta, A.; Waltman, A. W.; Grubbs, R. H. Organometallics 2010, Submitted. 
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Synthesis and mechanistic investigations of an iron (II) tetrazido complex 

Keith A Jones
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, supay@nmsu.edu, 1175 North Horseshoe Drive, Las Cruces 

New Mexico 88003, United States ; Jeremiah J Scepaniak
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(1)

; Haobin Wang
(1)

; Ranko 
P Bontchev

(2)
. (1) Department of Chemistry, New Mexico State University, Las Cruces New Mexico 

88003, United States (2) Cabot Corporation, Albuquerque New Mexico 87113, United States  

Reaction of PhB(MesIm)3FeN(H)
t
Bu with two or more equivalents of methylhydrazine yields a 

diamagnetic iron(II) tetrazido complex. Spectroscopic monitoring of the reaction suggests the formation of 
an iron(II) hydrazido intermediate. The mechanism of this reaction has been investigated by experimental 
and computational methods. In particular, density functional methods have been used to calculate the 
thermodynamics of probable reaction pathways in order to elucidate a likely reaction mechanism. 

INOR 276 

Synthesis, characterization and reactivity of novel diruthenium nitride compounds 

Renyuan Yu
(1)

, ryu6@wisc.edu, 1101 University Avenue, Madison WI 53706, United States ; John 
Berry

(1)
; Amanda K M Long

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

WI 53706, United States  

We report here the first known example of insertion of a terminal nitride into an aryl CïH bond. 
Thermolysis of Ru2(DArF)4N3 (1, Ar = 3,5-Cl2) yielded an amide complex Ru2[(DArF)3(D(3,5-Cl2-2-
NH)PhF)] (2) via insertion of a nitrogen atom from an Ru2ïnitride intermediate into a proximal aryl CïH 
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bond of one of the DArF Ligands. Our current works focus on syntheses of isolable Ru2ïnitrido species by 

employing new types of ligands.    
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Kinetic and thermodynamic study of ammonia formation from an iron(IV) nitrido complex 

Ramses A Saavedra
(1)

, ramses_s@nmsu.edu, 1175 North Horseshoe Drive, Las Cruces NM, United 
States ; Ethan Biswell

(1)
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United States ; Haobin Wang
(1)

; Jeremy M Smith
(1)

. (1) Chemistry and Biochemistry, New Mexico State 
University, Las Cruces New Mexico 88001, United States  

Ammonia can be formed in high yield from the reaction of an iron(IV) nitrido complex supported by a 
tris(carbene)borate ligand in reaction with TEMPO-H, as we have previously shown. Mechanistic 
investigations suggest concerted hydrogen atom transfer (HAT) in the first N-H bond forming reaction. 
The thermodynamic barriers of probable reaction pathways have been calculated using density functional 
theory to elucidate a likely reaction mechanism. In addition to this, solvent effects on the reaction 
mechanism have been investigated by computational methods. Computational work has also been done 
to further understand the kinetics and the kinetic isotope effect of the reaction. 

INOR 278 

Chemical oxidation of an outer-sphere two-electron transfer reagent using ruthenium complexes 
as oxidant 

Amie E Norton
(1)

, nortonai@mail.uc.edu, 301 Clifton Court, Cincinnati Ohio 45220, United States ; 
Jeanette A Krause

(1)
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(1)
. (1) Chemistry, University of Cincinnati, Cincinnati Ohio 45220, 

United States  

Platinum complexes with two pincer ligands capable of stabilizing square planar platinum(II) and 
octahedral platinum(IV) undergo reversible and cooperative outer-sphere two-electron transfer reactions. 
Thus far, only electrochemical studies of these systems have been reported. However, it should be 
possible to initiate oxidation using a chemical oxidant. In this presentation, we describe progress toward 
mapping the kinetics and thermodynamics of reactions of outer-sphere two-electron platinum reagents 
with outer-sphere one-electron oxidants based on the Ru(II/III) redox couple. We seek to understand the 
influence of stoichiometry, driving force and reorganization energy on the kinetics of two-electron transfer.  
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Novel nickel(II) hydride dimer complex 

Shu A. Yao
(1)

, syao@chem.wisc.edu, 1101 University Ave, Madison WI 53706, United States ; John F. 
Berry

(1)
. (1) Department of Chemistry, University of Wisconsin, Madison, Madison WI 53706, United 

States  

In 1992, Theopold et al. first reported bis(pentadmethylcyclopentadienyl)dicobalt hydride complex that 
features a short  Co-Co bond distance of 2.249Å. ----We now report the its analog, 
bis(tetraisopropylcyclopentadiene)dinickel hydride. This complex has an extremely short Ni(II)-Ni(II) 
distance of 2.282Å. The bulky tetraisopropylcyclopentadiene ligand, which prevents any nuclearity of 
nickel of higher than two, allows us to synthesize this dinickel compound in one simple step. Investigation 
of the electronic structure and reactivity of this remarkable compound will be presented. 

INOR 280 

Chemoenzymatic DKR: Mechanistic and kinetic insights into (Bn5Cp)Ru(CO)2Cl catalyzed 
racemization of sec-alcohols 
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, dmavryns@abo.fi, Piispankatu, 8, Turku Turku 20500, Finland ; Liisa T. Kanerva
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; 
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(1)
. (1) Laboratory of Organic Chemistry, Åbo Akademi University, Turku 20500, Finland (2) 

Laboratory of Synthetic Drug Chemistry, University of Turku, Turku 20014, Finland  

(Bn5Cp)Ru(CO)2Cl forms a highly active in situ racemization catalyst for chemoenzymatic dynamic kinetic 
resolution of secondary alcohols. In recent investigations, we have evaluated this catalyst using a broad 
range of substrates and loadings. Here, results from ongoing mechanistic and kinetic studies are 
presented, aimed at elucidating the high performance of this catalyst when compared with its close 

analogues.      

INOR 281 

Comparison of Pt-rich and Ru-rich heterometallic complexes containing the ligands dppe and Cp* 

David M DeLine
(1)

, 11dmdeli@alma.edu, 614 W. Superior St., Alma MI 48801, United States ; Nancy 
Carter Dopke

(1)
. (1) Department of Chemistry, Alma College, Alma Michigan 48801, United States  

Platinum-rich and ruthenium-rich heterometallic complexes are of interest in part due to the success of Pt-
Ru alloys and nanoparticles as anodes in direct methanol fuel cells (DMFCs). The new Pt-rich 
heterometallic complex, [(dppe)Pt] 2(ɛ2-S)2 RuCp*Cl, and the Ru-rich heterometallic complex, (dppe)Pt(ɛ2-
S)2(RuCp*Cl) 2, have been synthesized and characterized by NMR and MALDI mass spectrometry. The 
reactivity of these complexes with alcohols in the presence of oxygen will be discussed. 

INOR 282 

Synthesis and dioxygen reactivity of tetranuclear tricopper complexes 

Davide Lionetti
(1)

, dlionett@caltech.edu, 1200 E California Blvd, MC 127-72, Pasadena CA 91125, 
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Enzymes such as laccase and galactose oxidase utilize multinuclear copper centers to perform the four-
electron reduction of dioxygen to water. Targeting models for these active sites, a tetranucleating ligand 
consisting of an aminetrisphenol backbone bearing three dipicolylamine moieties was synthesized. This 
framework binds three copper centers in addition to an early transition metal. Several titanium-tricopper 
complexes have been synthesized and found to react readily with dioxygen. The effect of the ligand 
framework on reactivity will be discussed. 
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Zinc oxide, a wide band gap semiconductor, is an important material for a number of diverse applications 
due in part to its low cost, relative abundance, and low toxicity. To date, numerous methods have been 
developed to prepare various morphologies of nanostructured ZnO, including now the use of imidazolium-
based ionic liquids. Here, we demonstrate a solution-phase synthesis of ZnO nanostructures with 
imidazolium-based ionic liquids and study the effect the counterion has on the resulting product. 
Changing the counteranion from BF4

ï
 to PF6

ï
 to (NTf2)

ï
 was found to have a pronounced effect on the 

phase and morphology of the resulting product. The role of the counteranion in the synthesis of different 
ZnO nanostructures will be further examined with the hope of elucidating general properties of 
imidazolium-based ionic liquids with regard to nanoparticle syntheses.  
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Silver based nanostructures such as nanowires (AgNWs) and nanoparticles (AgNPs) are synthesized and 
demonstrated in providing suitable substrates with strong surface-enhanced Raman scattering (SERS) in 
melamine detection. With AgNWs/AgNPs substrates, the SERS Raman spectrum of melamine solution is 
distinct and the detectable concentration can go as low as 10 ppb. Our work indicates that the crossing 
AgNWs create SERS hot spots, which provide extremely stronger enhancement than the discrete ones. 
The AgNWs/AgNPs that connect each other or overlap can also contribute a higher SRES enhancement. 
Both experimental results demonstrate that the nanoscale structures of the AgNWs/AgNPs considerably 
affect the plasmonic absorption and lead the multiple surface plasmon resonances. Our study of using 
silver based nanostructures for SERS measurement provides a fast and simple method to detect trace 
amount of melamine. 
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Microsized TiO2 aggregates were fabricated by electrospraying of a colloidal dispersion of commercial 
P25 TiO2 nanoparticles. This method allows independent control of the morphology, size, size distribution, 
and packing density of aggregates by adjusting the polymer additives and the electrospray parameters 
such as the flow rate and the applied voltage. The resultant TiO2 aggregates were used in the preparation 
of the photoelectrodes for dye-sensitized solar cells and a more than 20% enhancement in the power 
conversion efficiency was observed while compared to cells prepared using commercial P25 
nanoparticles under otherwise the same conditions. Moreover, the TiO2 aggregate electrodes were further 
improved by admixing with individually dispersed TiO2 nanocrystallites, which filled the large voids 
between aggregates with better connectivity for efficient electron transport. A much higher power 
conversion efficiency of 7.59% was achieved with mixed TiO2 aggregates/nanocrystallites 
photoelectrodes. 
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Amine substitution of hexachlorocyclophosphazene (HCP) with poly(oxypropylene)-amines (POP) 
afforded a family of HCP-POP adducts which were subsequently used to exfoliate the layered silicate 
clay. Their relative thermal stabilities of the polyurethane blended with HCP-POP/exfoliated clays were 
studied. The synergistic effect for the polymer stability was evaluated by blending the HOP-POP/clay 
hybrids in different fractions into polyurethane system. Thermal gravimetric analysis (TGA) indicated an 
enhanced thermal stability for the HCP/clay polyurethane nanocomposites, with a weight-loss of 10% at 
400 °C, comparing with 45% of the virgin polyurethane. In addition, the hybrids showed an unexpected 
enhancement in the UV resistance of polyurethane. Upon the exposure to UV at wavelength ranging from 
365 to 400nm for three days, the test specimen only showed slight discoloration revealing a significant 
improvement over the controlled experiments. Both tests on the themal and UV stability revealed a 
synergistic effect by the presence of phosphorous and silicate components. 
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The copper-catalyzed azide-alkyne Huisgen cycloaddition, or ñclickò reaction, is a simple, one-pot method 
of generating 1,4-disubstituted 1,2,3-triazoles for use as ligands in coordination chemistry. This project 
examines the potential of these N-donor ligands to form new macrocyclic metallosupramolecular 
structures. Several model bidentate triazole ligands were synthesized and their coordination behavior with 
Cu(II) and Ni(II) studied, including a NiL2 trans diaquo species. The ligand synthesis was then extended to 
molecules that contain two bidentate triazole units. These are designed to link multiple metal ions 
together in a single ring-like structure. Among the products formed was a triple-helical structure. Given 
their versatility and ease of synthesis, these ñclickò ligands are promising candidates for further studies in 
supramolecular chemistry. 
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Metal clusters stabilized by a surface ligand shell represent an interesting intermediate state of matter 
between molecular metal-ligand complexes and bulk metal. Such ñmetalloidò particles are characterized 
by the balance between metal-metal bonds in the core and metal-ligand bonds at the exterior of the 
cluster. In previous studies, the electronic stability observed for selected ligand-protected aluminum 
clusters has been mainly rationalized using Wade-Mingos rules. By density functional theory calculations, 
we illustrate here that the electronic stability of various experimentally isolated Cp(*) ïprotected aluminum 
clusters can be explained using the electron shell model for the aluminum core, coupled with an ionic Al-
Cp(*) interaction at the surface. Thus, one may classify ligand-protected aluminum clusters as ñsuperatom 
complexesò similar to the ligand-protected gold clusters. 
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In this presentation, we discuss the design, synthesis and applications of plate-like silver nanostructures. 
Using the strategy of ñselective ligand protectionò, we have developed a number of colloidal approaches 
for the synthesis of silver nanoplates with well-controlled size and shape, high stability, and tunable 
surface plasmon band from ~400 nm to IR. Conventional seeded growth method is used to obtain 
nanoplates with extremely high aspect ratio which allows the extension of the plasmonic band to IR. 
Furthermore, kinetics controlled seeded growth has been used to fabricate skirt-like structured Ag 
nanoplates with enhanced stability. Finally, we will discuss the application of such functional 
nanostructures in areas such as biological and chemical sensing, Raman signal enhancement. 
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We will detail the utilization of Surface Enhanced Raman Spectroscopy (SERS) for In Situ analyses while 
operating at elevated temperatures in various atmospheres. In order to accomplish this, SERS substrates 
were generated by depositing an ultrathin metal oxide that served as a protective coating on top of silver 
nanostructures via Atomic Layer Deposition (ALD). These coated silver substrates were then found to 
withstand high temperatures of up to 400

o
 C in air for 24 h while still maintaining their SERS capabilities. 

Because of the robust nature of these substrates, we conducted In Situ studies on heating a range of 
materials, such as phosphotungstic acid (PTA) or vanadia on metal oxide surfaces. Specifically, we 
probed the transformations in the SERS spectrum that occurred when the substrates were exposed to 
either Reductive or Oxidative environments at temperatures up to 400

o
 C. In one specific case we 

investigated an Adsorbate-Surface interaction on the phosphotungstic acid (PTA) and pyridine by 
observing the deabsorption of pyridine from the acidic sites of the PTA via heating in an inert atmosphere. 
Through these studies we found that the ALD coated SERS substrates could continue to enhance the 
SERS signal even at high temperatures with great spectral detail at the region closest to the alumina 
surface. 
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In this study, we focused on a rational method of synthesis of the magnetic nanoparticles in ethylene 
glycol solution on the elevated-temperature. With this method, the Fe3O4 nanoparticles can provide 
stability against aggregation, can provide solubility in polar solvents, and can be modified at the surface of 
the particles. And then, the Fe3O4 nanoparticles were coated with silica by means of a seeded 
polymerization technique based on the Stöber method. The results of the transmission electron 
microsopy (TEM), scanning electron microscopy (SEM) and particle size analyzer showed the 
monodispersion of the nanoparticles. Vibrating sample magnetometer (VSM) showed the 
superparamagetism of the obtained nanoparticles. The average diameter of the Fe3O4 nanoparticles was 
around 20-40 nm, while the Fe3O4/SiO2 nanoparticles was about 100 nm, a homogeneous size 
distribution and excellent dispersion were observed. And we suggested that the core-shell Fe3O4-silica 
composite nanoparticles have potential application on biomedical engineering. 
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The Virtual Inorganic Pedagogical Electronic Resource (http://www.ionicviper.org) is an online teaching 
materials repository and interactive social networking environment for inorganic chemistry educators. 
Learning objects (small instructional units created by VIPEr users) on the website include lab 
experiments, in-class activities, literature discussions, 'five slides about' presentations, problem set 
questions, and web resources. This poster highlights available materials on VIPEr that bring the frontiers 
of inorganic chemistry research into the undergraduate classroom. In particular, literature discussion 
activities and problem set questions based on current research findings are an effective way to introduce 
undergraduates to the primary literature and the breadth and vibrancy of our field. Community members 
are invited to download and use learning objects in their classrooms, join the conversation by contributing 
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comments and forum posts, and contribute additional learning objects celebrating the frontiers of 
inorganic research. 
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The specific and selective oxidation of an unactivated C-H bond remains one of the most challenging 
reactions in organic chemistry. Cytochrome P450, heme-thiolate enzymes, catalyze the insertion of an 
oxygen atom, derived from molecular dioxygen, into a C-H bond of a variety of substrates, often with high 
degrees of regio- and stereoselectivity. Recent interests in these proteins arise from the desire to harness 
their synthetic potential for biotechnological applications. The main challenge in utilizing P450s as 
biocatalysts has been in the control of the electron delivery to the buried active site of the enzymes while 
preventing protein deactivation by reactive oxygen species.  We have developed hybrid enzymes 
constituted of a photosensitizer covalently attached to the heme domain of P450 BM3 mutants. These 
enzymes have been characterized by UV-Vis and fluorescence spectroscopies, and mass spectrometry. 
Our preliminary results in hydroxylating lauric acid under constant visible light irradiation will be 
presented. 
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Transmetalation of zinc finger proteins has been previously investigated as a possible mechanism for 
carcinogenesis.

1
 Bis(O-ethyl-L-cysteinato)Zn(II), Zn(cysE)2, has been used to model the zinc binding site 

of zinc finger proteins due to its similar N2S2 coordination sphere.
1
 Transmetalation of Zn(cysE)2 with 

nickel(II) ions results in the title trimetallic complex, (Ni(cysE2))Ni
2+

. The trimetallic species is also 
produced as part of the oxidation of Ni(cysE)2. Attempts to synthesize the tri-metallic based on literature 
procedures has been challenging.

2
 The resulting product is impure, and Ni(cysE)2 crystallizes from the 

trimetallic reaction solution. Our synthesis begins with isolated Ni(cysE)2 and one equivalent of nickel ions 
in non-aqueous solvents. Characterization of the purified product includes UV/Vis, NMR, mass spectra, 
and elemental analysis. This data allows us to positively identify it as a product in transmetallation and 

oxygen reactivity studies.       
References 1. Levina, A.; Bailey, A. M.; Champion, G.; Lay, P. A. J. Am. Chem. Soc. 2000, 122 , 6208-
6216. 2. (a) Jicha, D.; Busch, D. Inorg. Chem. 1962, 1, 872-877; (b) Wagner, R. E.; Bailar, J. C. J. Am. 
Chem. Soc. 1975, 97 , 533-536. 
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Sulfur-rich zinc sites are common motifs used in biological systems: the most notable are the zinc binding 
sites of zinc fingers, which play vital roles in controlling cellular functions such as transcription, translation, 
DNA repair, and apoptosis. However, replacement of Zn with Ni can cause serious health problems. 
Model compounds are used to better understand the mechanism of exchange and the changes that the 



99 

 

displacement has on the structure and the chemical reactivity.  Zinc centers in proteins typically show no 
susceptibility to reactivity with oxygen. However, replacement of Zn with Ni increases the chances of 
oxidative damage which results in toxicity. Bis(O-ethyl-L-cysteinato)nickel(II), Ni(cysE)2, is used to model 
O2 reactivity of proteins in which Zn has been replaced with Ni. Reactions of Ni(cysE)2 with O2 result in 
both oxygenation of the sulfurs as well as oxidation of the thiolate sulfurs to form disulfide. If initial 
assignments of IR bands are correct, this is the first example of a NiN2S2 complex that is capable of 
forming both metallosulfones and metallosulfoxides using 

3
O2. Other studies require higher energy 

1
O2. 

The separation and characterization of the products upon exposure of Ni(cysE)2 to O2 will be presented 
as well as time dependent oxygen reactivity studies monitored by UV-vis spectroscopy.  
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Recently there has been a significant push for the use of biofuels over traditional fossil fuels with the goal 
of developing a dependable and environmentally friendly energy source. One of the major hurdles to the 
development of this energy source is the resistance of biomass to degradation. 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. Combining the ability of ionic liquid solvents to 
dissolve lignin with the reactivity of metalloporphyrins could overcome many challenges in the full 
utilization of biomass to biofuels and valuable commodity chemicals. To this end, we have studied the use 
of metalloporphyrins in ionic liquids for the dissolution and oxidation of lignin. In this study lignin model 
compounds were oxidized via metalloporphyrins, specifically Fe(III)meso-tetra(4-
sulfonatophenyl)porphine chloride and Fe(III)meso-tetra(4-carboxyphenyl)porphine chloride. Results and 
recent developments will be presented. 
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Methanobactins are peptide-like chalkophores exuded by methanotrophic bacteria in order to sequester 
copper for use as a vital coenzyme for methane oxidation. Methanobactin OB3b was the first isolated, 
and has been since heavily characterized. Methanobactin SB2, the newest methanobactin species, is 
remarkably distinct from its cousin despite their common role as a scavenger. NMR, UV-VIS, CD 
spectroscopy and stopped-flow kinetics have shown many structural and functional similarities as well as 
differences between the two methanobactins. 
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Pathogenic bacteria acquire the necessary nutrient iron from their environment using low molecular 
weight, ferric ion specific chelating agents called siderophores. Some bacteria utilize multiple 
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siderophores; however, the mechanism of exchange between hexadentate siderophores is not well 
understood. The exchange of iron between two hexadentate siderophores is accelerated by the presence 
of a secondary, low-coordination number chelator, such as 1, 2-dimethyl-3-hydroxy-4-pyridinone (DMHP). 
We studied the effect of DMHP on ferrioxamine B (H4DFB

+
), a prototypical siderophore, and EDTA, a 

model siderophore. We observed that DMHP also acts as a competing chelator in this reaction and is not 
a simple catalyst. Here we monitored the kinetics of the competition for iron(III) sequestration between 
H4DFB

+
 and DMHP spectrophotometrically and determined the rate law. We present the full kinetic 

analysis of the reaction between Fe(HDFB)
+
 and DMHP and propose a parallel path mechanism. 
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Pseudomonas aeruginosa, an opportunist pathogen and a major cause of nosocomial infections, requires 
iron to grow. Iron is acquired by these bacteria from the environment by selective chelation using the 
siderophore pyoverdin (Pvd). Pvd-Fe is recognized at the outer membrane receptor FpvA and transported 
into the periplasm. The periplasmic processing of iron is not well understood. Operon PA2407-2410, 
which is up-regulated in iron-deficient conditions, is thought to encode an ABC-cassette that facilitates the 
transport of iron through the periplasm and into the cell. Although an ATP-dependent permease and 
periplasmic binding protein normally constitute the 3 membered ABC-cassette, we note that this operon 
has four components. Our working hypothesis is that 2407 and/or 2410 are involved in the periplasmic 
transport of iron and the previously proposed reductive release of iron from Pvd.  Data will be presented 
regarding the role(s) of 2407 and 2410 in this iron uptake pathway necessary for pathogenesis. 
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Bacteria use small diffusible molecules to exchange information in a process called quorum sensing. An 
important class of autoinducers used by Gram-negative bacteria is the family of N-acylhomoserine 
lactones. It was recently discovered that a degradation product of the QS molecule 3-oxo-C12-homoserine 
lactone, the tetramic acid 3-(1-hydroxydecylidene)-5-(2-hydroxyethyl)pyrrolidine-2,4-dione, is a potent 
antibacterial agent. Additionally it was found that this tetramic acid binds iron with an affinity comparable 
to known bacterial siderophores. Here, using a variety of spectroscopic tools, we describe the 
coordination chemistry of the methylidene analog of this tetramic acid with Fe(III) and discuss its potential 
biological significance. 
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Sco is important in the assembly of the CuA- site of cytochrome c oxidase, but the exact role Sco plays in 
the assembly is still under investigation. Structural evidence points to a disulfide reductase function, due 
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to the presence of a thioredoxin fold in its crystal structure. To probe TtSco's ability to act as a disulfide 
reductase, an experiment was designed to trap the protein-protein intermediate between TtSco and its 
target protein TtCuA. Two TtSco mutants were formed, in which one of the conserved cysteines was 
mutated to a serine. In addition mutations were made to TtSco's target protein TtCuA. By removing a 
cysteine, the second step in the disulfide bond reduction mechanism is prevented allowing the mixed 
disulfide intermediate to be trapped. The formation of the cross-linked intermediate has been monitored 
using UV-Visible spectroscopy and non-reducing SDS-PAGE gels. The fastest occurring and highest 
yielding cross-link is observed between TtScoC53S-TtCuAC149S which suggests that the intact cysteine 
residues TtScoC49 and TtCuAC153 are the biological partners. It is proposed that cysteine 49 of TtSco is 
the more reactive cysteine residue. TtSco has disulfide reductase activity as well as metal binding 
abilities. TtSco has the ability to bind Cu(II) through three conserved ligands, two cysteines and one 
histidine. Sco's metal binding ability may also play a role in the assembly of CuA. To further probe TtSco's 
affinity for metals, metal binding studies have also been completed with Co(II), Cd(II), and Ni(II) and all 3 
metals bind with differing affinities. 

INOR 305 

Synthesis, characterization and spectroelectrochemistry of dimeric ɛ-oxo complexes, 
[(Ru(NO)(por)]2O (por = tetraphenylporphinato dianion, tetra(p-OCH3-phenyl)porphinato dianion, 
tetra(p-CH3-phenyl)porphinato dianion) 

Christopher Felchlia
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62026-1652, United States ; Kenneth W. Rodgers
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; George B. Richter-Addo
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The synthesis and characterization of a series of rare Ru(II) nitrosyl porphyrin ɛ-oxo dimers is presented. 
These materials are prepared from the Ru(II) carbonyl starting materials Ru(CO)(por) by treatment with 
isoamyl nitrite over extended periods of time in the presence of small amounts of deliberately added 
moisture. Their NMR and IR characterization data illustrate the presence of the major structural features 
of the complexes such as the nitrosyl ligand, the porphyrin ligands and most importantly, the presence of 
the ɛ-oxo group. Electrochemical and spectroelectrochemical characterization of these complexes reveal 
characteristic patterns of reactivity which will be compared to those of the corresponding alkoxide 
complexes. 
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Synthesis and spectroscopic investigations of octabromoporphyrin metallocomplexes 

Tseng Xiong
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Spectroscopic investigations have demonstrated that the octabromoporphyrin can effectively incorporate 
various metal ions to yield diverse transition metal complexes. We have synthesized a gadolinium(III) 
complex of the meso-tetrakis(4-N-methylpyridyl)porphyrin by brominating the parent porphyrin and 
inserting the gadolinium(III) ion. Gadolinium compounds are currently under investigation as contrast 
agents in MRI as they have been linked to negative health issues such as nephrogenic systemic fibrosis, 
suggesting that the gadolinium(III) ion forms weak bonds and ñfalls outò of the ligand. The insertion of the 
gadolinium(III) ion was confounded by high temperature conditions, long reaction times, and low solubility 
of gadolinium acetate. We have shown previously that a lithium complex can be prepared under slightly 
alkaline conditions to provide a possible precursor for facile Gd(III) insertion. Therefore, we have 
synthesized a lithium porphyrin as a precursor for Gd(III) reactivity. This paper will present the synthesis 
and spectroscopic investigations and preliminary investigations of the octabromoporphryin with Sn(II).   
T.X. and R.A.R. acknowledge support from the Faculty Research Awards program and the Science 
Education Endowment at GCSU. 
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Synthesis of an octafluorinated water-soluble cobalt porphyrin 
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Water-soluble cobalt(II) porphyrins have demonstrated the ability to reversibly bind oxygen, providing 
great potential in fuel cells, as catalysts for oxygenating small molecules such as methane to methanol, 
and in the deactivation of toxic materials such as nerve agents. The purpose of our work is to synthesize 
an electron-deficient cobalt(II) center that will readily react with O2 and function as an oxygen transfer 
agent. To achieve this goal, we have synthesized the Co(II) derivative of ɓ-octafluoro-meso-
tetrakis(2,3,5,6-tetrafluorophenyl- 4-N,N,N-trimethylamino)porphyrin. Our synthesis and spectroscopic 
investigations will be presented. 

INOR 308 

Splitting the dimer: The differential effect of mono- and bifunctional alkylating agents on a Ni-
thiolate dimer 
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Nickel (Ni) thiolates play a key role in a variety of Ni-containing redox active enzymes. Elucidation of the 
mechanistic steps in these redox active enzymes includes modification of Ni-bound cysteine thiolates by 
either protonation or alkylation. Many model compounds have been synthesized to probe the chemistry of 
Ni-thiolates modification (e.g. in monomeric and dimeric Ni-thiolates). Monomeric Ni-thiolate complexes 
can be modified by alkylation to produce well characterized alkylated Ni-thiolates. We report here a 
structural and mechanistic study of the alkylation of Ni-thiolate dimeric complexes, that contain both 
bridging and terminal thiolates, and the differences obtained when using monofunctional (e.g. methyl 
iodide) or bifunctional (e.g. iodoacetamide) alkylating agents. When monofunctional agents are used, 
dimeric products are obtained; when bifunctional agents are used the dimer is cleaved into a single 
monomeric product. 

INOR 309 

Conjugation effects of various linkers on Gd(III) MRI contrast agents and dendrimers: Optimizing 
the hydroxypyridinone (HOPO) ligands with nontoxic, degradable esteramide (EA) dendrimers for 
high relaxivity 

Danil E. Smiles
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, danilsmiles@berkeley.edu, The Raymond Group, Berkeley California 94720, United 
States ; Piper J. Klemm

(1)
; William C. Floyd

(1)
; Jean M. J. Frechet

(1)
; Kenneth N. Raymond

(1)
. (1) 
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Magnetic resonance imaging (MRI) contrast agents are administered in over 40% of all MRI scans. While 
these agents are indispensable for many diagnostic procedures, their low inherent relaxivity requires 
large doses and precludes targeted imaging. A route to macromolecular high-relaxivity MRI contrast 
agents is through conjugation to high molecular weight dendrimers. TREN-bis(1-Me-3,2)-HOPO-TAM-
ethylamine and TREN-bis(1,2)-HOPO-TAM-ethylamine ligands have been synthesized for attachment to 
40 kDa dendrimers with esteramide cores and containing eight gadolinium complex loading sites and 
have a per gadolinium relaxivity of up to 38.14 ± 0.02 s

-1
mM

-1 
at 37 °C. This relaxivity is several times that 

of the small molecule complexes, and an order of magnitude higher than that of commercial agents. Due 
to their high performance and low toxicity we anticipate that these macromolecules with per dendrimer T1 
relaxivities up to 228 s

-1
mM

-1 
at 37 °C surpass many of the currently available Gd based contrast agents. 
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Exploring the T2 relaxivity of lanthanide hydroxypyridinone (HOPO) magnetic resonance imaging 
(MRI) contrast agents 
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Many studies on magnetic resonance imgaging (MRI) contrast agent focus only on T1 relaxation time. The 
study of T1 is essential for the MRI of hard tissue, however, T2 relaxation is potentially more useful for the 
MRI of soft tissue and has not been widely studied for lanthanides. In the last 15 years we have designed 
MRI contrast agent base on HOPO chelators, which have high T1 relaxivity, stemming from fast water 
exchange, high inner sphere water coordination(q = 2-3), and the ability to slow molecular tumbling time 
when conjugated to a macromolecule. Using a series of paramagnetic lanthanides, hexacoordinate tris-
(1,2)-HOPO and tris-(1-Me-3,2)-HOPO ligands with tris(2-amino)ethylamine (TREN) and 1,4,7 
triazacyclononae (TACN) caps have been investigated for their T2 relaxivity properties at 37 °C and 60 
MHz. 

INOR 311 

Design and synthesis of Gd(III) magnetic resonance imaging (MRI) contrast agent ligand caps for 
hydroxypyridinone (HOPO) oxygen donor chelators and their T1 and T2 relaxivity 
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Diagnosis of tumors in lungs, brain, and other organs are most easily detected using noninvasive imaging 
modalities, including MRI. The signal is often enhanced through the use of contrast agents. Current 
commercial contrast agents are not as effective at enhancing contrast nor are they stable enough long 
term in vivo to be completely safe. In the last 15 years we have reported MRI contrast agents using 
hexadentate HOPO chelators capped by TREN, TACN, and mesityl moieties. Many of these ligands 
present positive properties such as fast water exchange due to an associate mechanism and a large 
number of molecules of water in the inner sphere of coordination. Here we present recent development in 
new design of contrast agents using various caps, the HOPO family of chelators and evaluate them for T1 
and T2 relaxivity, stability, and cytotoxicity. 
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Influence of the ligand secondary environment on the CO-release chemistry of zinc flavonolate 
complexes 
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Carbon monoxide, though toxic in large amounts, has been shown to have beneficial health effects when 
administered in small quantities, demonstrating both antimicrobial and anti-inflammatory properties. As a 
result of these features, CO-releasing molecules (CORMs) have become of special interest. To date, 
there are no reported studies of CO-releasing molecules that use flavonoids as the CO source. This 
presentation will focus on the synthesis and characterization of a family of zinc-flavonolate complexes, as 
well as examination of their CO-release reactivity upon simultaneous exposure to light and O2. These 
studies have focused on examining how the secondary environment of a supporting chelate ligand 
influences the CO-release reactivity of the zinc-bound flavonolate. 
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Pyridine-2,6-bisamide ligands and their copper(II) complexes 
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Pyridine-2,6-bisamide ligands can be readily prepared from either pyridine-2,6-dicarboxylic acid or the 
di(acid chloride) and a variety of amines. Early work in this lab has shown an interesting pH dependence 
of the copper(II) complexes of some of these ligands so a more detailed study has been undertaken to 
explore the acid-base properties of these precursor ligands (R = aryl or alkyl) as well as their copper(II) 
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complexes. The redox activity of these complexes will also be considered.  
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Substituent control of photochemistry in a ligand-bridged bimetallic complex 
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Bimetallic Ru(II)-(bridge)-Ni(II) complexes incorporating the bridging ligand 4',5'-diazafluoren-9'-ylidene-
1,3-dithiole-4,5-dithiolate (BL) are described. In the complexes Ru(L)2 with L = 2,2'-bipyridine (bpy) or 
4,4'-diethylester-2,2'-bipyridine (deeb) is coordinated to the N,N-(diazafluorene) end of BL, while the S,S-
(dithioloato-) end is capped with Ni(dppe) where dppe = bis(diphenylphosphino)ethane. Solutions of the 
[(bpy)2Ru(BL)Ni(dppe)]

2+
 complex are light-stable, but the [(deeb)2Ru(BL)Ni(dppe)]

2+
 analogue exhibits 

photochemistry under the same conditions. The nature of the photochemical reaction has been studied, 
and a mechanism accounting for the different behavior of the two complexes is proposed. 
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Simple zinc-flavonolate complex: Synthesis, characterization, and CO-release reactivity 
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Flavonols are substances found in plants. These molecules are known to release carbon monoxide (CO) 
in a dioxygenase-type reaction. Recently, a correlation of CO administration with reduced inflammation 
and vasodilation has shed light on the potential physiological benefits of synthetic CO-releasing 
molecules (CORMs). Our research is focused on examining how metal flavonolate complexes may be 
used as CO-release agents. In the work to be presented, we have examined the chemistry of a zinc-
flavonolate complex of a simple bidentate ligand. Details of the synthesis and characterization, as well as 
the CO-release reactivity of this compound upon concurrent exposure to O2 and light, will be reported. 
Reactivity comparisons will be made to zinc-flavonolate complexes that vary in terms of the supporting 
ligand. 
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Synthesis and HPLC characterization of Cu(II) coordinated pyridine-based dipeptide duplexes 
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Artificial dipeptides that self-assemble into double-stranded structures by coordination of transition metal 
ions have been designed and synthesized. Pyridine- and terpyridine-based ligands are attached to an 
aminoethylglycine (aeg) backbone to form dipeptides, which use tetracoordinate metals, such as Cu

2+
, to 

coordinate and cross-link the aeg strands to create multi-metallic structures. Dipeptides containing 
pyridine (py) and either terpyridine (tpy) or phenyl terpyridine (űtpy) self-assemble into Cu(II) cross-linked 
structures with the strands oriented in an antiparallel fashion. These structures are fully characterized by 
one- and two-dimensional NMR spectroscopy, mass spectrometry, and elemental analysis. HPLC has 
been used to verify the purity of the dipepetide and the duplex, as well as to determine that the dipeptide 
duplexes are linked by two metal ions. HPLC is also used to further study these molecules to determine 
the binding constants and stabilities of the metal-peptide duplexes. 

INOR 317 
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Rheological characterization of hydrogel carboplatin delivery vehicle 
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The formulation of a potential drug delivery vehicle for the intracavitary administration of the anticancer 
agent carboplatin was characterized rheologically in order to gain insight into the structural properties of 
the vehicle. This formulation consists of a ternary system of the surfactants lecithin and sodium bis-(2 
ethylhexyl) sulfosuccinate, an oil phase of isopropyl myristate and an aqueous component. At low oil 
content, this formulation displays gel-like characteristics, the properties of which are desirable for 
pharmacological applications. Selected formulations were subjected to further investigation of rheological 
properties via rate ramping procedures at both ambient and physiological temperatures in order to assess 
the physical properties of the gel under stressed conditions. The gel was found to be pseudoplastic and 
as such, exhibited time-dependent hysteresis, from which specific physical properties can be assigned. 
Approximate phase divisions were determined by examining the hysteresis of various samples. Above 
45% surfactant content, the gels largely exhibited thixotropy, corresponding to a specific phase within the 
system. Gels examined around 40-45% surfactant were transitional in rheological behavior, suggesting 
phase transitioning. Below 40% surfactant content, the gels behaved in an anti-thixotropic manner, 
exhibiting structural building over shear which should prolong in vivo degradation. The pharmacologically 
advantageous properties of these anti-thixotropic formulations led to their further characterization in 
release kinetics and animal studies. 
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Density functional theory study of the heterolytic bond dissociation energy of small molecules in 
first-row d-block biomimics of the Ŭ-carbonic anhydrase active center 
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Ŭ-Carbonic anhydrase catalyzes the conversion of carbon dioxide to bicarbonate ion via heterolytic bond 
dissociation of water to hydroxyl anion and proton and subsequent nucleophilic attack on carbon dioxide 
by the Zn-bound hydroxyl group. Because Ŭ-Carbonic anhydrase is capable of rapid conversion of carbon 
dioxide to another form (operating at the diffusion-controlled limit), studying the energetics of the naturally 
occurring metalloenzyme active center and its biomimics can provide valuable insight into artificial carbon 
dioxide catalysis. The active site of Ŭ-Carbonic anhydrase was modeled with metals other than Zn to 
calculate the heterolytic bond dissociation energy (HBDE) of the H2O and H2 ligands. Density Functional 
Theory (DFT) was used to calculate geometry optimizations, vibrational frequencies, and single point 
energies for the metal complexes. Our results suggest that the catalytic activity of the enzyme active 
center can be maximized in an artificial setting with a biomimic. 
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Intercalation of anticancer drugs based on anthracycline antibiotics in zirconium phosphate 
nanoparticles for drug delivery 
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Anticancer drugs based on the anthracycline antibiotics are being used in chemotherapy. Doxorubicin is 
derived from the Streptomyces bacteria and belongs to the anthracycline antibiotics. Doxorubicin works 
by insertion in the DNA disturbing the function of the Topoisomerase II avoiding the DNA transcription 
and consequently the replication process in cancer cells. Although doxorubicin is an effective anticancer 
drug it also has acute side effects because it does not distinguish between cancer cells and healthy cells. 
The aim of this project is to create a drug delivery system by intercalating doxorubicin in nanoparticles of 
the layered inorganic compound zirconium phosphate (ZrP) to kill cancer cells taking advantage of the 
enhanced permeability and retention effect to provide selectivity. The intercalation of doxorubicin in ZrP 
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produces a new phase with an interlayer distance of 20.1 Å. Studies with cancer cell lines performed in 
collaboration with the UPR-Medical Campus will be presented. 
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Transition metal complexes of a new verdazyl analog of terpyridine 
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Verdazyl radicals are unique amongst stable free radicals for two reasons. First they carry three 
potentially variable substituents to give a variety of different structures. Second, the nitrogen atoms which 
carry the bulk of the spin density can coordinate metal ions giving the potential to form self assembled 
metal-organic structures with long range magnetic order. Verdazyl radicals with two pyridyl substituents 
should form the basis of self assembling ligands analogous to those based on terpyridine. Furthermore 
the central location of the verdazyl in this ligand should give strong metal-radical interaction when 
coordinated to paramagnetic metal ions. Following our recent report of strong ferromagnetic exchange in 
the nickel complex we now report the results of our studies on other transition metals including cobalt and 
iron 
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Towards double-decker metalloporphyrins 
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Literature shows that porphyrin sandwich complexes absorb at wavelengths close to the red edge of the 
visible spectrum and sometimes in the near-IR, where absorption at long wavelengths can penetrate the 
target tissues during the photodynamic therapy of certain cancers and tumors. Therefore, the objective of 
this study is to investigate the feasibility of preparing double-decker porphyrin sandwich compounds 
bearing metal ions such as cerium(III), cadmium(II), or silicon(IV) ions. Sandwich complexes consist of 
two stacked macrocyclic rings bonded and held together by the suspended metal ion. Each sandwich 
complex was prepared by reaction between excess monomeric lithium porphyrin and the desired metal 
ion. Characterization of the potential complexes was conducted via UV-Visible spectroscopy. 
Spectroscopic properties will be presented.  (C.R gratefully acknowledges support from the Science 
Education Endowmentand the Chemistry Scholars Program at Georgia College.) 
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Spectroscopic studies of a high valent manganese complex: [Mn
IV

(Me3TACN)(OMe)3]
+
 

Steven A. Chabolla
(1)

, schabolla07@mail.fresnostate.edu, 2555 East San Ramon Avenue M/S SB70, 
Fresno CA 93740, United States ; Robert R. Geiger

(2)
; Timothy A. Jackson

(2)
. (1) Department of 

Chemistry, California State University, Fresno, Fresno CA 93740, United States (2) Department of 
Chemistry, University of Kansas, Lawrence KS 66045, United States  

Manganese(IV) complexes are involved in a wide array of biological and industrial reactions such as 
catalysts in bleaching reactions as well as oxygen evolution in photosynthesis by photosystem II. These 
centers have been traditionally studied by electron paramagnetic resonance (EPR) spectroscopy; 
however, their small zero-field splittings complicate analysis of conventional X-band spectra. Accordingly, 
high-field, high-frequency EPR (HF-EPR) spectroscopy is required to obtain accurate ground-state 
parameters. The goal of this project was to determine the usefulness of magnetic circular dichroism 
(MCD) spectroscopy as an alternative method for studying high valent manganese complexes. A 
manganese(IV) complex with a well known structure, [Mn

IV
(Me3TACN)(OMe)3]

+
 was synthesized and 

purified. The data obtained from the MCD analysis as well as quantum mechanical computations were 
compared to the experimentally derived data for qualitative structural relationships. This project evaluates 
the potential of MCD spectroscopy as an alternative for HF-EPR spectroscopy when the molecule of 
interest may be EPR silent or only able to be obtained in small amounts, as MCD requires only minute 
amounts of the complex to be studied and can be used to examine any paramagnetic system. 
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Probing the role of anion defects and proton-stabilized cation defects on the lithium ion insertion 
behavior of V2O5 ambigel films 
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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 role of defects in the electrochemical behavior of these materials is poorly 
understood, but is likely to be crucial to their properties. Transparent V2O5 ambigel films were prepared by 
sol-gel chemistry on indium-doped tin oxide substrates and were subjected to various annealing 
treatments designed to enhance the number of anion vacancies or proton-stabilized cation vacancies in 
the films. After equilibration in constant humidity chambers, the lithium ion insertion behavior of the films 
was studied by cyclic voltammetry in 1 M LiClO4 in propylene carbonate. Multiple electrochemical events 
occur at unique potentials suggesting different types of lithium insertion sites within the materials. 
Examining the relative changes in the magnitude of these events as a function of the annealing treatment 
will aid in the assignment of lithium ion insertion associated with particular types of defects in the film. 
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Anionic group VI metal carbonyls with bis(diphenylphosphinomethyl)diphenylborate ligands: 
Potential precursors for sulfene transfer reagents 
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The impact of anionic bidentate phosphine ligands on metal-based stoichiometric and catalytic reactivity 
is of current interest. Salts of anionic group VI metal carbonyls with 
bis(diphenylphosphinomethyl)diphenylborate ligands ([M(CO)4(Ph2BP2)]

-
 and [M(CO)3(RCN)(Ph2BP2)]

-
), 

expected precusors for low valent group VI metal complexes containing [Ph2BP2]
-
 have been synthesized 

and fully characterized. The latter nitriles vigorously react with sulfur dioxide to afford salts of 
[M(CO)3(SO2)(Ph2BP2)]

-
. Reaction of these salts with diazomethane is hypothesized to afford sulfene 

complexes with enhanced thermal stability (relative their neutral analogues) due to increased 
backbonding into sulfene orbitals due to the negative charge at boron. This poster will focus on the 
unambiguous characterizations of the aforementioned tetracarbonyl, tricarbonyl-nitrile, and tricarbonyl-
sulfur dioxide complexes. 
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Allylnickel(II) and allylpalladium(II) derivatives of [(2-
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Allylnickel(II) and allylpalladium(II) derivatives of [(2-
diphenylphosphino)ethyl)cyclopentadienyl]tricarbonylmetalates have been synthesized and fully 
characterized in solution and the solid-state. Like Pd(allyl)(Cl)(PPh3), competitive reactions of the title 
complexes with phenyl and triphenylmethyl radicals afforded  by the thermal decomposition of 
phenylazotriphenylmethane provide  4,4,4-triphenyl-1-butene as the sole allyl ligand coupling product. 
However, while phenyl radical attack at the Pd(II) of Pd(allyl)Cl(PPh3) is proposed as the first step in the 
trityl radical-allyl ligand coupling reaction, direct trityl radical attack at the allyl ligands in the title 
heterobimetallics is strongly suggested. A modest heterobimetallic effect may render the chromium-group 
X complexes more reactive with trityl radical than the tungsten-group X complexes. 

INOR 326 

Exploring electrolyte dynamics with NMR spectroscopy 

Charlie Adelson
(1)

, adelsoc@grinnell.edu, 1116 8th Ave., Grinnell IA 50112, United States ; Leslie J. 
Lyons

(1)
. (1) Department of Chemistry, Grinnell College, Grinnell IA 50112, United States  
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The dynamics of electrolyte solutions of LiPF6 dissolved in the silicon-containing ethylene oxide oligomer 
1NM3 were analyzed with spin-lattice relaxation (T1) and diffusion measurements on a Bruker 400 
Avance NMR spectrometer. The T1 times of all ethylene oxide protons decreased at nearly identical rates 
in response to increasing salt concentration, indicating that all parts of 1NM3's ethylene oxide chain 
contribute equally to the solvation of the lithium cation. Minima in temperature dependent T1 

measurements suggest a structural change in the solvent-salt environment as a function of concentration. 
1NM3 proton diffusion coefficients correlated closely with previously measured cation and anion diffusion 
coefficients. 

INOR 327 

Synthesis of zinc complexes with assymetric NNO Schiff bases bearing electron withdrawing 
groups 

Nomaan M Rezayee
(1)

, nomaan.rezayee@pepperdine.edu, 24255 Pacific Coast Highway, Malibu CA 
90263, United States ; Joseph M Fritsch

(1)
. (1) Department of Chemistry, Pepperdine University, Malibu 

CA 90263, United States  

Asymmetric NNO Schiff base compounds bearing electron withdrawing groups and electron donating 
groups on the ketoimine backbone were prepared through the condensation of 1,3-diketones (1,1,1- 
trifluoro-5,5-dimethyl-2,4-hexanedionone, 1, and 4,4,4- trifluoro-1-phenyl-1,3-butanedione, 2, 
hexafluoroacetylacetone, 3) with either 8-aminoquinoline and 2-methyl-8aminoquinoline. With diketone 1 
only one regio-isomer was isolated while diketone 2 yielded two region-isomers in a 4:1 ratio where the 
quinolyl moiety had been added to either the CF3 or Ph side of the 1,3-diketone. The NNO Schiff bases 
were isolated with column chromatography and characterized with 

1
H, 

13
C, and 

19
F NMR and mass 

spectrometry. Zinc complexes were prepared with these ligands through reaction with zinc silazide and 
diethyl zinc. The complexes were characterized with 

1
H, 

13
C, and 

19
F NMR. 

INOR 328 

Selective hydroamination with bidentate amino alcohol complexes of tantalum 

Nagiko Hara
(1)

, Adam_Johnson@hmc.edu, 301 Platt Blvd, Claremont CA 91711, United States ; 
Michelle C. Hansen

(1)
, Adam_Johnson@hmc.edu, 301 Platt Blvd, Claremont CA 91711, United States ; 

Adam R. Johnson
(1)

. (1) Department of Chemistry, Harvey Mudd College, Claremont CA 91711, United 
States  

Tantalum has proven to be an effective catalyst for the asymmetric intramolecular hydroamination of 
aminoallenes. Previously, our group has obtained enantioselectivities of up to 80% ee using bidentate 
amino alcohol ligands with tantalum amide complexes. This project seeks to improve upon the previous 
results using closely related bidentate ligands with either another chiral center or an electron withdrawing 
group on the ligand. Experimental details and trends will be presented. 

INOR 329 

Tantalum complexes with amino alcohol and phenol ligands as catalysts for asymmetric 
intramolecular hydroamination of aminoallenes 

Kristine E. Fong
(1)

, Adam_Johnson@hmc.edu, 301 Platt Blvd, Claremont CA 91711, United States ; 
Malous M. Kossarian

(1)
, Adam_Johnson@hmc.edu, 301 Platt Blvd, Claremont CA 91711, United States 

; Adam R. Johnson
(1)

. (1) Department of Chemistry, Harvey Mudd College, Claremont CA 91711, United 
States  

Our group uses tantalum with a variety of ligands as catalysts for the asymmetric hydroamination of 
aminoallenes. Amino alcohol ligands previously examined by our group produced enantioselectivities up 
to 80 %ee. Chiral amine-diol ligands were synthesized, but while the resulting Ta complexes were 
catalytically active, enantioselectivities were low. The catalyst was modified by separating the amine-diol 
into an amino alcohol and a phenol. The effects of phenol ligands with varying steric and electronic 
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properties on the reactivity and enantioselectivity of the new catalysts will be reported.  

  

INOR 330 

Asymmetric hydroamination of aminoallenes catalyzed by tantalum complexes of aminoalcohol 
and diamine ligands 

Brette M. Chapin
(1)

, Brette_M_Chapin@hmc.edu, 301 Platt Blvd., Claremont CA 91711, United States ; 
Kyoung-Joo Park

(1)
, mylovefidy1019@hotmail.com, 301 Platt Blvd., Claremont CA 91711, United States 

; Adam R. Johnson
(1)

. (1) Department of Chemistry, Harvey Mudd College, Claremont CA 91711, United 
States  

Our group has been studying the asymmetric intramolecular hydroamination of aminoallenes by tantalum 
complexes of bidentate aminoalcohols. A bidentate diamine used as a co-ligand should constrain the 
geometry of the catalyst and improve the enantioselectivity of the reaction. The diamine was prepared in 
one step using a Pd catalyzed coupling reaction.  

  

INOR 331 

Theoretical investigations of tantalum catalyzed asymmetric hydroamination 

Thomas R. Avila
(1)

, Adam_Johnson@hmc.edu, 301 Platt Blvd, Claremont CA 91711, United States ; 
Robert J. Cave

(1)
; Adam R. Johnson

(1)
. (1) Department of Chemistry, Harvey Mudd College, Claremont 

CA 91711, United States  

Tantalum complexes with chiral bidentate aminoalcohol ligands have been used to catalyze the 
asymmetric intramolecular hydroamination of aminoallenes with enantioselectivity up to 80 %ee. The 
catalysis is believed to proceed through a [2+2] cycloaddition to yield the pyrrolidine product. Density 
functional theory calculations have been used to calculate ground and transition state energies. Steric 
and electronic effects of the aminoalcohol ligands on stereoselectivity will also be presented.  

  

INOR 332 



110 

 

Immobilized boron-centered heteroscorpionates: Heterocycle metathesis and coordination 
chemistry 

Brian M. Besel
(1)

, bbesel1@cub.uca.edu, 201 Donaghey Ave., Conway AR 72035, United States ; 
Patrick J. Desrochers

(1)
; Adam L. Corken

(1)
; Jared R. Evanov

(1)
; Richard M. Tarkka

(1)
. (1) Department of 

Chemistry, University of Central Arkansas, Conway AR 72035, United States  

A new resin-supported boron-scorpionate ligand and its nickel(II) coordination complexes are reported. 
Carboxylic acid-functionalized benzotriazole (Bzt) was coupled to polystyrene resin synthesis beads 
following the method of Paio et al. (J. Comb. Chem. 2001, p. 354). Bead-Bzt reacts with KTp* (Tp* = 
hydrotris(3,5-dimethylpyrazolyl)borate) in hot DMF giving bead-TpǋK ({HB(resin-Bzt)(pz*)2}K). This same 
method was validated in solution, and the resulting KTpǋ salt was used to prepare (Tpǋ)2Ni as cis and trans 
isomers. Significantly, bead-TpǋK readily binds nickel(II) from simple salts in methanol with minimal 
leaching. Bead-TpǋNiNO3 binds cysteine thiolate (ethyl ester) imparting a green color to the beads 
characteristic of Tp

R
NiCysEt. Bead-TpǋNiCysEt exhibits an oxygen sensitivity similar to Tp*NiCysEt (Inor. 

Chem.1999, p. 5690). Readdition of unoxidized CysEt to oxidized bead-TpǋNiCysEt regenerates the 
green color. These methods of preparing covalently supported scorpionates should expand the utility of 
this established ligand class to broad applications of transition metal scorpionates including combinatorial 
methods. 

INOR 333 

Microwave-assisted synthesis of scorpionates 

Philip R. Cook
(1)

, rtarkka@uca.edu, 201 Donaghey Avenue, Conway AR 72035, United States ; Tristan 
W. Phillips

(1)
; Richard M. Tarkka

(1)
; Patrick J. Desrochers

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

Central Arkansas, Conway AR 72035, United States  

Scorpionate ligands have found widespread utility in far-reaching applications, including use as 
radiopharmaceuticals, catalysts and enzyme mimics. Although microwave (MW) irradiation has been 
used extensively in chemical synthesis, reports of this technique being used to make scorpionates are 
extremely scarce. We report the use of MW techniques to synthesize scorpionate ligands. Potassium 
hydrotris(3,5-dimethyl-1-pyrazolyl)borate (KTp*) was cleanly synthesized on the 500 mg scale in 10 
minutes at 200 

o
C by MW reaction of KBH4 with excess 3,5-dimethylpyrazole. Similarly, MW reaction of 

excess molten pyrazole and NaH and phenylboronic leads to the desired scorpionate, sodium 
phenyltris(1-pyrazolyl)borate. 

11
B NMR spectroscopy confirmed the desired scorpionate as the only 

boron-containing compound in these mixtures. When conventional techniques are used, the preparation 
of these third generation scorpionates, starting with arylboronic acids, is plagued by low yields. Details of 
these and other MW-assisted scorpionate syntheses will be presented. 

INOR 334 

Molybdenum(0) tricarbonyl complexes involving a new heteroscorpionate and resin-supported 
complexes 

Jared R. Evanov
(1)

, jevanov1@uca.edu, 201 Donaghey Ave., Conway AR 72035, United States ; Brian 
M. Besel

(1)
; Patrick J. Desrochers

(1)
; Richard M. Tarkka

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

Central Arkansas, Conway AR 72035, United States  

New molybdenum(0) tricarbonyl complexes, LMo(CO)3
n-

 (n = 0 or 1) will be described. L represents 
scorpionate chelates (Tp*

-
: hydrotris(3,5-dimethylpyrazolyl)borate; Tpm: tris(pyrazolyl)methane; Tpǋ

-
: 

hydrobenzotriazolyl-bis(3,5-dimethylpyrazolyl)borate). The complex ion Tp*Mo(CO)3
-
 has been reported 

as its NEt4
+
 salt (Inorg. Chem. 1995, p. 3801). It is here described for the first time as its PPh4

+
 salt along 

with the salt of the new complex, TpǋMo(CO)3
-
. LMo(CO)3

n-
 complexes have distinct 

13
C NMR, IR and 

electrochemical properties, effective handles for characterization when new chelates (L) are employed. 
The asymmetry of the Tpǋ

-
 heteroscorpionate is evident in spectroscopic measurements of the Mo(CO)3 

manifold. Heterogeneous resin-TpmMo(CO)3 and resin-TpǋMo(CO)3K, will also be described for the first 
time. The importance of molybdenum complexes in areas as diverse as bioinorganic chemistry and 
industrial catalysis and the application of molybdenum-scorpionates in research applied to both mean the 
present work will contribute to new and varied heterogeneous molybdenum applications. 

INOR 335 

Synthesis of zinc complexes with sterically-bulky tridentate NNO Schiff bases ligands  
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Brandon R Barnett
(1)

, brandon.barnett@pepperdine.edu, 24255 Pacific Coast Highway, Malibu CA 
90263, United States ; Joseph M Fritsch

(1)
. (1) Department of Chemistry, Pepperdine University, Malibu 

CA 90263, United States  

Many researchers have employed NNO Schiff bases ligands based on phenoxyiminate and ketoiminates 
to prepare lactide polymerization catalysts. These complexes typically include one Schiff base 
coordinating the metal center in a tridentate manner and a silazide or alkoxide group. However, inactive 
bis-ligand complexes have been reported as impurities or the primary product from such reactions. This 
project focuses on the incorporation of sterically-bulky groups to the 2-position of the quinoline moiety of 
the NNO ketoimines to prevent such dimerization. Reaction of the ketoimines with a zinc source (diethyl 
zinc or zinc di-silazide) yielded complexes that were characterized with 

1
H and 

13
C NMR. 

INOR 336 

Effect of tethered dendrimer size on density and reactivity of immobilized metal chelate indicator 
displacement assays 

Michelle A Nguyen
(1)

, manguyen@usfca.edu, 2130 Fulton Street, HR 439, San Francisco CA 94117, 
United States ; Matthew J Greaney

(1)
; Lawrence D Margerum

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

of San Francisco, San Francisco CA 94117, United States  

Surface tethered dendrimers were used as platforms for fluorescent sensing of phosphate substrates via 
metal chelate indicator release. Polyamidoamine dendrimers (PAMAM, Gx) attached to porous glass 
beads were chemically activated, then modified with the metal chelating ligand 2,2':6',2''-terpyridine 
functionalized at the 4'-position with 5-amino-1-pentanol (trpy). The surface bound dendrimer-trpy beads 
were packed into a column and loaded with Cu

2+
, followed by the fluorescent dye, 6,7-dihydroxy-4-

methylcoumarin (DHMC). Ternary trpy-Cu-DHMC complexes were formed as indicated by a yellow color 
change on the beads. After washing in pH 7 buffer, the beads were exposed to different phosphate 
substrates to gain insight into the surface bound dye release reaction. The Gx-trpy-Cu-DHMC surfaces 
show selectivity for pyrophosphate over phosphate among the substrates tested. Surface modification 
was varied using dendrimer generations 3, 4 and 5 to gain insight into the effect of dendrimer size and 
surface charge on the sensing ensemble. Preliminary results of substrate concentrations from 5ɛM to 
1500ɛM suggest that the larger generations of dendrimers lead to a more sensitive and selective indicator 
release assay. 

INOR 337 

Synthesis and characterization of metal XNX (X = PR2, SR) pincer complexes with potential use as 
transfer hydrogenation catalysts in the production of liquid biofuels 

Brandon S. Moyer
(1)

, moyerbs07@juniata.edu, 301A Juniata College, 1700 Moore Street, Huntingdon 
Pennsylvania 16652, United States ; Todsapon Thananatthanachon

(1)
. (1) Department of Chemistry, 

Juniata College, Huntingdon Pennsylvania 16652, United States  

Recent research has demonstrated that sugars can be converted to liquid biofuels such as 2,5-
dimethylfuran (DMF). One of the key steps in this reaction sequence is the hydrogenation of 5-
(hydroxymethyl)furfural (HMF) to bis(hydroxymethyl)furan (BHMF) using catalytic transfer hydrogenation 
with heavy metal catalysts. Pincer complexes of first row transition metals in which the ligand can be 
redox-active (non-innocent) could be potentially cheaper, greener, and more robust transfer 
hydrogenation catalysts. Results to be discussed include the synthesis and characterization of a library of 
novel aromatic and aliphatic XNX (X = PR2, SR) pincer complexes and investigation of the 
stereoelectronic effects of the heteroatoms and substitutents on catalysis. Analyses of the precatalysts 
and catalysts including IR, NMR, and X-ray crystallographic data will be discussed, as well as the 
conditions, conversion, and yield (determined by NMR and GC) of catalytic trials with various substrates. 

INOR 338 

Synthesis of catalytic metal-pincer complexes in the pursuit of converting biomass to chemicals 
and liquid biofuels 

Matthew A Scott
(1)

, scottma07@juniata.edu, 330A Juniata College, 1700 Moore Street, Huntingdon 
Pennsylvania 16652, United States ; Todsapon Thananatthanachon

(1)
. (1) Department of Chemistry, 

Juniata College, Huntingdon Pennsylvania 16652, United States  
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With decreasing stores of fossible fuels, there is a strong demand for the chemical development of novel 
biofuels. Recent examples have been conversion of cellulose and sugars to 2,5-dimethylfuran and g-
valerolactone utilizing integrative catalytic transformations such as hydrogenation and hydrogenolysis. 
We have designed and developed a new family of the metal-pincer complexes as potential multi-
functional, homogeneous catalysts for the conversion of biomass. Synthesis and characterization of a 
combination of various redox-active NXN (X = CR2, N, O) pincer ligand substituents and transition metals 
(Fe, Ni and Cu) will be presented. Catalytic properties of the complexes for the transformation of biomass-
derived substrates will be discussed. 

INOR 339 

Novel family of methanolated lanthanide halide materials for scintillator applications 

Sarah M Hoppe
(1)

, shoppe@sandia.gov, 1001 University Blvd SE, Albuquerque New Mexico 87106, 
United States ; Timothy J Boyle

(1)
; Leigh Anna M Ottley

(1)
; Pin Yang

(2)
; Mark A Rodriguez

(2)
; Todd M 

Alam
(2)

. (1) Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque New Mexico 
87106, United States (2) Sandia National Laboratories, Albuquerque New Mexico, United States  

Scintillator materials absorb high energy electromagnetic or charged particle radiation then fluoresce 
photons at a characteristic wavelength. The light output, short fluorescence decay times, and optical 
transparency at wavelengths of their own specific emission energy define the utility of these materials. 
Lanthanide (Ln) halides have been found to be excellent scintillators for gamma ray detection over 
current scintillator materials. However, they must be anhydrous to avoid LaOBr formation which causes 
opaqueness. We have synthesized a series of LnX3 (X=Cl, Br, I) hydrated compounds from the simple 
Ln-metal

 
in halic acid route. Attempts were made to replace the bound water with methanol (MeOH) to 

yield fully methanolated species in hopes of lowering the de-solvation temperatures in comparison to the 
hydrate species. The synthesis, characterization, and properties of these novel compounds will be 
presented.   This work supported directly by the Department of Energy -Office of Basic Energy and 
Science and the United States Department of Energy under contract number DE-AC04-94AL85000. 
Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company, For 
the United States Department of Energy. 

INOR 340 

Synthesis, characterization, electrospinning of novel tin amide alkoxides for lithium-ion battery 
application 

Thu Q. Doan
(1)

, tdoan@sandia.gov, 1001 University Blvd. SE, Albuquerque NM 87106, United States ; 
Timothy J. Boyle

(1)
; Leigh Anna M. Ottley

(1)
; Sarah Hoppe

(1)
; Todd M. Alam

(2)
. (1) Advanced Materials 

Laboratory - Sandia National Laboratories, Albuquerque NM 87106, United States (2) Sandia National 
Laboratories, Albuquerque NM 87131, United States  

Recent reports indicate that Si nanowires for use as lithium-ion (Li-ion) battery anodes yield improved 
efficiencies. Other anodes such as tin have also been of interest due to their high energy densities. Thus, 
our research focuses on synthesizing Sn nanowires to investigate their utility as an anode in a Li-ion 
battery. In order to achieve this goal a family of novel tin mixed amide alkoxides and fully substituted tin 
alkoxides were synthesized by reacting tin amide with a series of sterically demanding aromatic alcohols 
in different molar ratios. These precursors were fully characterized by multinuclear NMR and single 
crystal X-ray diffraction. Once the identity was established, they were then processed using 
electrospinning with the characteristics of the final nanowires controlled by the judicious choice of 
precursor. The details of the synthesis and characterization of the tin alkoxides and their respective 
nanomaterials will be discussed later. 

INOR 341 

New ruthenium (II) complex supported by ortho-metalated phosphine-functionalized N-
heterocyclic carbene ligands: Synthesis, characterization, and catalytic activity 

Wiktoria H. Pecak
(1)

, wiktoria-pecak@augustana.edu, 639 38th Street, Chemistry Department, Rock 
Island IL 61201, United States ; Gregory J. Domski

(1)
, gregdomski@augustana.edu, 639 38th Street, 

Chemistry Department, Rock Island IL 61201, United States . (1) Chemistry Department, Augustana 
College, Rock Island IL 61201, United States  

We report the synthesis of a ruthenium(II) complex supported by an ortho-metalated phosphine 
functionalized N-heterocyclic carbene (NHC) ligand. The complex has been characterized by 

1
H, 

13
C{

1
H}, 
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and 
31

P NMR spectroscopy, X-ray crystallography, and elemental analysis. In the presence of 
i
PrOH and 

KO
t
Bu, this complex is able to catalyze the transfer hydrogenation of ketones.   

  

INOR 342 

Influence of protonation state on the electronic properties of ruthenium complexes containing 
hydroxyl-substituted terpyridine ligands 

Kent A. Maghacut
(1)

, kent.maghacut@villanova.edu, Mendel Hall, 800 Lancaster Avenue, Villanova PA 
19085, United States ; Jared J. Paul

(1)
, jared.paul@villanova.edu, Mendel Hall, 800 Lancaster Avenue, 

Villanova PA 19085, United States ; Alessa B. Wood
(1)

. (1) Department of Chemistry, Villanova University, 
Villanova PA 19085, United States  

Ruthenium polypyridyl complexes have been widely studied for their excited state properties leading to 
their potential for photocatalysis. We report upon the synthesis and electronic properties of ruthenium 
complexed with the 2,6-bis-(2-pyridyl)-4(1H)-pyridone (tpy=O) ligand. Upon complexation with the metal, 
the ligand tautomerizes to the hydroxyl form (tpyOH). The hydroxylated complexes have been studied for 
the effects of protonation state on the absorption manifold. For example, the mixed-ligand complex, 
[Ru(tpy)(tpyOH)]

2+ 
(tpy = 2,2':6',2ò-terpyridine) has a ɚmax = 480 nm in acidic water. Upon deprotonation, 

the absorption shifts to lower energy yielding a ɚmax = 498 nm. A similar observation is found with the 
[Ru(tpyOH)2]

2+ 
complex that has a ɚmax = 485 nm in water when protonated that shifts to ɚmax = 500 nm 

when completely deprotonated. In addition, titration and electrochemical data of the tpyOH containing 
complexes will be reported. 

INOR 343 

Electronic properties of ruthenium complexes substituted with the 4,4'-dihydroxy-2,2'-bipyridine 
ligand 

Michelle J. Fuentes
(1)

, michelle.fuentes@villanova.edu, Mendel Hall, 800 Lancaster Avenue, Villanova 
PA 19085, United States ; Jared J. Paul

(1)
, jared.paul@villanova.edu, Mendel Hall, 800 Lancaster 

Avenue, Villanova PA 19085, United States ; Sarah R. Pattison
(1)

; Samantha Klein
(1)

; William G. 
Dougherty

(1)
; W. Scott Kassel

(1)
; Timothy J. Dudley

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

Villanova PA 19085, United States  

Ruthenium polypyridyl complexes have been studied for their potential as photocatalysts. We report a 
series of ruthenium complexes substituted with the bis-hydroxylated, 4,4'-dihyroxy-2,2'-bipyridine 
(bpy(OH)2) ligand. The complexes absorption and emission properties depend upon the protonation state. 
For example, [Ru(bpy)2(bpy(OH)2)]

2+ 
(bpy = 2,2'-bipyridine) has a lowest energy absorbance transition at 

ɚmax = 464 nm in acidic water. After deprotonation of one hydroxyl proton in water, there is no observable 
change in the absorption manifold, however, the doubly deprotonated complex has a significant shift to 
lower energy, resulting in a lowest energy ɚmax = 493 nm. Computational studies indicate a high degree of 
mixing between the bpy(O)2

2-
 ligand and the metal center upon deprotonation, influencing the electronic 

transitions that are not observed when the bpy(OH)2 ligand is fully protonated. The ruthenium complexes 
studied emit at room temperature when protonated, however, upon deprotonation, the ruthenium 
complexes are internally quenched. 

INOR 344 

Ligand lability in mononuclear Ni(II) complexes 
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Carlos Read
(1)

, lisa.berreau@usu.edu, 0300 Old Main Hill, Logan UT 84322-0300, United States ; Robert 
Severinsen

(1)
; Elisabeth Pound

(1)
; Mikalla Loosli

(1)
; James J Danford

(1)
; Atta M Arif

(2)
; Lisa M Berreau

(1)
. (1) 

Department of Chemistry & Biochemistry, Utah State University, Logan UT 84322-0300, United States (2) 
Department of Chemistry, University of Utah, Salt Lake City UT 84112, United States  

Inspired by the proposed role of hemilabile ligand environments in catalytic reactions promoted by Ni(II) 
centers in biological systems, including in the reactions catalyzed by acireductone dioxygenase and 
glyoxalase I, a new family of nickel(II) complexes supported by symmetric and asymmetric tridentate 
chelate ligands have been prepared and characterized. Studies of the reactivity of these complexes with 
weak bidentate acids were performed to gauge how the ligand structure influences lability. Synthetic, 
spectroscopic, and reactivity aspects of this project will be presented. Our goal is the discovery of new 
ligand sets that promote biologically relevant reactions involving proton transfer. 

INOR 345 

Synthesis and characterization of gallium-tin and indium-tin nitride containing molecules 

Michelle R Beoris
(1)

, mbeoris@yahoo.com, 5500 Campanille Drive, San Diego CA 92182, United States 
; Robert J Wilson

(1)
; Miriam V Bennett

(1)
. (1) Department of Chemistry and Biochemistry, San Diego State 

University, San Diego CA 92182, United States  

We have determined that self-assembly reactions of gallium and indium halide salts with tris-
(trialkyltin)amine are a facile synthetic route to unprecedented bimetallic gallium-tin nitride and indium-tin 
nitride clusters. Several new high-nuclearity molecules have been isolated utilizing this method. These 
compounds have been structurally characterized revealing unusual binding modalities. Additionally, the 
compounds have been spectroscopically characterized. These results will be presented herein. 

INOR 346 

Kinetics and microstructure of vanadium (V) oxide thin films grown via chemical vapor deposition 
from vanadium (V) oxynitrate 

Levi Moore
(1)

, lmm02007@mymail.pomona.edu, 645 N College Ave, Claremont CA 91711, United States 
; Tyler L. Moersch

(1)
; Charles Taylor

(1)
. (1) Department of Chemistry, Pomona College, Claremont CA 

91711, United States  

The kinetics and microstructure of vanadium (V) oxide thin films grown on oxidized single crystal silicon 
substrates were examined in a temperature range from 250 °C to 650 °C. The films were deposited via 
chemical vapor deposition (CVD) using vanadium (V) oxynitrate (VO(NO3)3) as the precursor in a reaction 
vessel with a base pressure of 100 mTorr and a precursor pressure of approximately 10 mTorr. The 
microstructure of the films was imaged using scanning electron microscopy (SEM), and the phase and 
preferred orientation were examined using Raman spectroscopy and X-Ray diffraction. Cross-sectional 
SEM was used to obtain the thicknesses of the films, from which growth rates were extracted and 
Arrhenius parameters for a three-step kinetic model were calculated. 

INOR 347 

Towards the synthesis of new cobalt and copper nitride containing molecules 

Michael Nguyen
(1)

, mikenguyen89@gmail.com, 5500 Campanille Drive, San Diego CA 92182, United 
States ; Robert J Wilson

(1)
; Miriam V Bennett

(1)
. (1) Department of Chemistry and Biochemistry, San 

Diego State University, San Diego CA 92182, United States  

High-nuclearity cobalt and copper nitride molecules are of interest for their magnetic properties and for 
their bonding properties. Polynuclear transition-metal nitride molecules with metals in mid- to high valent 
oxidation states are quite rare in the literature. Currently there are no examples of this type of molecule 
with the nitrogen atoms bound solely to either cobalt or copper atoms in mid-valent oxidation states. We 
are currently investigating the reactivity of tris-(trimethyltin)amine with divalent cobalt and copper halides 
as a possible method of synthesizing the corresponding nitride molecules. Our initial results towards this 
end will be presented herein. 

INOR 348 

Bismuth halide salts: Precursors to high nuclearity molecules 

Robert N Gilley
(1)

, rob.n.gilley@gmail.com, 5500 Campanile Drive, San Diego Ca 92182-7455, United 
States ; Robert J Wilson

(1)
; Miriam V Bennett

(1)
. (1) Department of Chemistry and Biochemistry, San 

Diego State University, San Diego Ca 92182, United States  
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We have investigated the utility of bismuth (III) halide salts as precursors to high nuclearity molecular 
cluster compounds. Towards this end, several new bismuth (III) chloride salts of varying architecture were 
synthesized and characterized. The reactivity of several of these salts with basic nitrogen donor 
compounds is being tested and thus far we have isolated an octanuclear bismuth-tin nitride cluster. The 
characterization of this cluster may provide insight into the formation of various other types of hetero-
nuclear bismuth clusters, and provide information on intramolecular bismuth-bismuth bonding interactions 
in these and other bismuth compounds. 

INOR 349 

Stability improvement via solution-based Ga-P surface functionalization 

Tina Ding
(1)

, tinading@caltech.edu, Caltech MSC 228, Pasadena CA 91126, United States ; Leslie O 
Leary

(1)
; Bruce Brunschwig

(1)
; Nathan Lewis

(1)
. (1) Chemistry, California Institute of Technology, 

Pasadena CA 91126, United States  

Gallium phosphide poses as an attractive material for photovoltaic devices and the reduction of CO2. 
Chemical control of its surface is crucial to the longevity of the device function. Therefore, methods have 
been proposed to improve the corrosion resistance and stability of the material. Attempts have been 
made to synthesize a variety of chemical groups including phosphines and alkyl bromides on GaP(111) 
surfaces. Benzyl bromides and alkyl bromides have been successfully covalently linked to the 
phosphorus-rich GaP(111)B side selectively. The reaction is dependent on bromide's presence. Alkyl 
groups are linked to the surficial nucleophilic hydroxyl species on the phosphorus. Surface 
characterization was done by contact angle and more definitively by XPS. Photoanodic studies in a 
nonaqueous ferrocene solution demonstrated that the functionalization yielded similar open circuit 
potential and current density as an etched GaP. Further photoanodic tests will be conducted in aqueous 
solutions to assess the stability of the functionalized surface. 

INOR 350 

Studies on the catalytic dehalogenation of environmental contaminants mediated by nanoparticle 
photochemistry 

Ryan Groom
(1)

, will.lynch@armstrong.edu, 11935 Abercorn Street, Savannah Georgia 31419, United 
States ; Delana Nivens

(1)
; Robert Cook

(1)
; Will Lynch

(1)
. (1) Department of Chemistry, AASU, Savannah 

Georgia 31419, United States  

The ability to manipulate the size of nanoparticles and hence the photophysical behavior has been an 
area of increased interest in recent years. Nanoparticles have a distinctive characteristic that their 
properties depend on the size of the individual particles. We have been investigating the use of various 
nanoparticle systems to degrade halogenated aromatic compounds under a variety of conditions. In our 
lab we have investigated the ability of ZnS, ZnO and CeO2 particles to catalyze the dehalogenation of 
aromatic compounds via photochemical activation. We have found that all three nanoparticle types 
studied have the ability to catalyze this process while generating a free halide and the corresponding 
phenol. Further investigations to determine the influence of matrix effects on these reactions indicate that 
depending upon the ion, chemical reactivity can be influenced but not stopped completely. Finally, we will 
present recent data on the effect of dopants on the ZnS nanoparticles. Dopants are found to not impact 
the size of the nanoparticles but do change the energy of the fluorescent pathway. The effect of this 
modification on the catalysis process will also be presented. In this paper we will present results on 
photochemical induced dehalogenation by doped nanoparticles, matrix and dopant effects on catalytic 
turnover and efficiency. 

INOR 351 

Iron oxide/gold nanoparticles arrays as multimodal imaging agents 

Jennifer Koezly
(1)(2)

, jrkoez06@smumn.edu, 700 Terrace Heights #184, Winona Minnesota 55987, 
United States ; Eric Smolensky

(1)
; Evan Weitz

(1)
; Valerie C Pierre

(1)
. (1) Department of Chemistry, 

University of Minnesota, Minneapolis Minnesota 55455, United States (2) Department of Chemistry, Saint 
Mary[apos]s University of Minnesota, Minneapolis Minnesota 55455, United States  

Magnetic Iron Oxide Nanoparticles (MIONs) are extensively used as contrast agents for in vivo MRI. 
Unfortunately, the low sensitivity (millimolar range) of MIONs and the low resolution (millimeter) of MRI 
limits the application of this class of imaging agents. Alternatively, gold nanoparticles are used extensively 
in cellular imaging techniques taking advantage of their plasmonic properties. Dark field spectroscopy, for 
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instance, enables single molecule detection at the nanometer range. It would therefore be beneficial to 
synergistically couple the in vivo imaging capabilities of MIONs with the sensitivity and resolution offered 
by gold nanoparticles in a system that would remain biocompatible with low cellular toxicity. The synthesis 
of a ligand enabling dual functionalization of gold and iron oxide nanoparticles and its application in the 
self-assembly of multimodal and multimetallic nanoparticle arrays will be presented. The properties of the 
arrays and their efficacy as plasmonic and MRI contrast agents will be discussed. 

INOR 352 

Novel ternary and quaternary chalcogenides with potential thermoelectric properties 

Sarah Wehrhan
(1)

, wehrhan2@tcnj.edu, 2000 Pennington Rd, Ewing NJ 08628, United States ; Benny C 
Chan

(1)
; Valisha Edwards

(1)
; Matthew Kita

(1)
; Jason Krizan

(1)
. (1) Department of Chemistry, The College of 

New Jersey, Ewing NJ 08618, United States  

In our research, we report the formation of novel structures synthesized from elemental metals and an 
alkali chalcogenide flux: A2Bi2RE2Q9 (A=alkali metal, RE=rare earth, Q=chalcogenide), Cs6Nb4Se22, and 
K12Nb6Se35.3. The quaternary structure of A2Bi2RE2Q9 contains bismuth in a distorted octahedron 
environment and lanthanum in a bicapped trigonal prism environment. The bismuth and laththanum sites 
form wave-like slabs similar with alkali atoms occupying the open chanels in the anionic slabs. The 
ternary structures of Cs6Nb4Se22 and K12Nb6Se35.3 contain the M2Q11 building block (M = Nb, Ta; Q= Se, 
S), where the metal chalcogenide forms dimers of pentagonal bipyramids. Cs6Nb4Se22 contains two 
Nb2Se11 building blocks to form isolated Nb4Se22 tetrameric building blocks surrounded by caesium ions. 
K12Nb6Se35.3 contains similar Nb4Se22 tetramers that are linked to a Nb2Se11 dimer to form one-
dimensional anionic chains surrounded by potassium ions. The complex structures are black in color 
could disrupt phonons, which could lead to interesting thermoelectric properties. The structures are being 
analyzed for their physical properties. 

INOR 353 

Negative thermal expansion materials in the A2Mo3O12 family with mixed site occupancy 

Shannon K Kraemer
(1)

, skraemer89@yahoo.com, Mail Stop 602, 2801 W. Bancroft St., Toledo Ohio 
43606, United States ; Cora Lind

(1)
. (1) Department of Chemistry, University of Toledo, Toledo Ohio 

43606, United States  

New negative thermal expansion (NTE) materials are of interest because when mixed with positive 
expansion materials, they could create composites with zero thermal expansion. This project focuses on 
the A2M3O12 family (A = trivalent metal, M = W, Mo). These materials usually form a monoclinic phase at 
lower temperatures and an orthorhombic phase at higher temperatures. The orthorhombic structure is the 
only phase known to display NTE. The expansion and phase transition behavior depend strongly on the 
cations incorporated into the structure. For this project, Mo was used for the M site, while the A site was 
substituted by a mixture of In

3+
and Ga

3+
, with InGa(MoO4)3 as the target compound. The samples were 

prepared using non-hydrolytic sol-gel chemistry, and characterized using TGA and powder diffraction. 
Synthesis conditions such as mole ratio, reaction time and temperature were varied to obtain 
homogeneous InGa(MoO4)3 samples. 

INOR 354 

Synthesis of anionic metal organic frameworks using a template method 

Colby Challis
(1)

, colby.challis@wku.edu, 1906 College Height Blvd, Bowling Green KY 42101, United 
States ; Sydney Combs

(1)
; Bangbo Yan

(1)
; Wei-Ping Pan

(1)
. (1) Department of Chemistry, Western 

Kentucky University, Bowling Green KY 42101, United States  

Crystalline anionic metal organic framework materials, as ion exchanges, have many advantages, such 
as high sorption capacity, high selectivity, inert nature, and thermal stability. In this presentation, we 
report our studies on the hydrothermal synthesis of anionic metal organic framework materials using the 
template approach. We have studied the effects of templates, pH and reaction temperatures on the 
structures formed under hydrothermal conditions. 

INOR 355 

Synthesis and structure of anionic metal organic frameworks 
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Sydney B. Combs
(1)

, sydney.combs205@wku.edu, 1906 College Height Blvd, Bowling Green KY, United 
States ; Colby Challis

(1)
; Wei-Ping Pan

(1)
; Bangbo Yan

(1)
. (1) Department of Chemistry, Western Kentucky 

University, Bowling Green KY 42101, United States  

Anionic metal-organic frameworks, similar to inorganic zeolite materials, have negative charges, but have 
larger pore sizes than zeolites. Thus, these materials have potential applications in toxic heavy metal 
removal from waste water. Using a template method, we have explored the hydrothermal reaction 
conditions to make anionic metal-organic frameworks using nickel salt and 1,4-benzenedicarboxylic as 
starting materials. 

INOR 356 

Synthesis and characterization of hybrid frameworks derived from poly(triazolyl)borate ligands 

Jonathan A. Boltersdorf
(1)

, bolterja@dukes.jmu.edu, 901 Carrier Dr., MSC 4501, Harrisonburg VA 
22807, United States ; Barbara A. Reisner

(1)
; Paul M. Forster

(2)
. (1) Department of Chemistry and 

Biochemistry, James Madison University, Harrisonburg VA 22807, United States (2) Department of 
Chemistry, University of Nevada, Las Vegas, Las Vegas NV 89154, United States  

A new hybrid inorganic-organic framework, Na[HB(trz)3]·DMF (1, trz
-
=C2H2N3

-
) was synthesized. 

Compound 1 crystallizes in the noncentrosymmetric Pna21 space group with a highly distorted diamond 
(dia) topology. Thermalgravimetric analysis (TGA) and Evolved Gas Analysis-IR (EGA-IR) measurements 
indicate that the DMF solvate is lost at 180 °C; the framework decomposes at 300 °C. The synthesis, 
structure, and decomposition of the phase will be discussed. Ongoing work related to solvent removal 
and gas adorption, as well as the structures of other poly(triazolyl)borate materials, will be presented. 

INOR 357 

Solvothermal synthesis of novel materials based on the tris(2-aminoethyl) amine (tren) ligand 

Heather Hunter
(1)

, hhunter@chatham.edu, 1 Woodland Rd, Pittsburgh Pa 15232, United States ; Emma 
Karey

(1)
; Jennifer Aitken

(2)
; Joseph MacNeil

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

Pittsburgh Pa 15232, United States (2) Department of Chemistry and Biochemistry, Duquesne University, 
Pittsburgh Pa, United States  

A series of novel compounds have been prepared by solvothermal synthesis using the tren ligand (tris(2-
aminoethyl)amine, C6H18N4) and first row transition metal halides. The materials included 
[(tren)Zn]2Sn2S6, which was isostructural with the known complex [(tren)Co]2Sn2S6-, as well as a series of 
unanticipated products. Single-crystal X-ray data for [(tren)Zn]2Sn2S6 were solved in monoclinic C2/c and 
refined to R1 =0.0241. All materials have been characterized by single crystal X-ray, powder X-ray, DTA 

and UV-VIS/IR spectrophotometry.    

INOR 358 

Morphological control in the synthesis of Cobalt nanocrystals 
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Alaoddin Ayyad
(1)

, aayyad@uno.edu, 2000 Lakeshore Dr., New Orleans LA 70148, United States ; Girija 
Chaubey

(1)
; Yuan Yao

(1)
; John B. Wiley

(1)
. (1) Department of Chemistry, University of New Orleans, New 

Orleans LA 70148, United States  

Nanocrystals can display significant variation in magnetic, electronic and catalytic properties as a function 
of size and shape. However, rationally designed syntheses that allow strict control over nanocrystalline 
morphologies are still a challenge. This study focuses on the development of techniques to control the 
size and shape of Co nanocrystals. Samples were prepared by thermal decomposition of Co2(CO)8 with 
different temperatures, reaction times, and surfactants. By varying these parameters, size and shape 
could be directed such that a number of Co nanocrystal morphologies could be obtained including 
spheres, cubes, flower-shaped, and tripods. Details on the synthesis and characterization of these 
materials will be presented and the role of reaction parameters in directing morphology discussed. 

INOR 359 

Toward high-nuclearity gallium nitride molecules: Solid state synthesis and DFT calculations 

Jason Jones
(1)

, jason.jasco@gmail.com, 5500 Campanile Drive, San Diego CA 92115-1030, United 
States ; Robert Wilson

(1)
; Miriam Bennett

(1)
. (1) Department of Chemistry and Biochemistry, San Diego 

State University, San Diego CA 92182, United States  

Bimetallic molecular clusters containing gallium and tin bound to nitride have been synthesized in our 
laboratory and DFT calculations have been conducted to study their molecular properties. These clusters 
contain weak tin-nitrogen bonds which would allow for condensation reactions to occur resulting in 
exchange of tin for other metals. We have investigated solid state condensation reactions of these 
clusters. Our initial results indicate that the gallium tin nitride clusters are reactive at low temperatures and 
could be viable starting materials for high nuclearity gallium nitride containing molecules. These results 
will be presented. 

INOR 360 

Microwave and ionothermal syntheses at elevated temperatures: Ni(II)/Gd(III) compounds and 
ionogels in EMIM(EtOSO3) 

Siobhan M. Deis
(1)

, siobhandeis_2011@depauw.edu, 602 S, College Ave., Greencastle IN 46135, United 
States ; Sarah M. Kortebein

(1)
; Hilary J. Eppley

(1)
. (1) Chemistry and Biochemistry, DePauw University, 

Greencastle IN 46135, United States  

Ni (II) and Gd(III) were combined with glycine and pyridine at elevated temperatures using ionothermal 
and microwave conditions in the ionic liquid EMIM(EtOSO3) in an attempt to make a possibly new 
heterometallic multinuclear species. Products made under these conditions differed significantly from 
those synthesized in organic solvents or under traditional reaction conditions in EMIM(EtOSO3). 
Depending on the particular reaction conditions, crystalline Ni(II), Ni(II)/Gd(III), and Gd(III) products are 
produced. In some cases de-alkylation of the anion of the ionic liquid occurs. Under particular microwave 
and ionothermal conditions, metal-containing ionogels can also be prepared. Structural and spectroscopic 
properties of both the crystalline products and the gels will be discussed. 

INOR 361 

WITHDRAWN 

INOR 362 

Synthesis, structure, and ion conductivity of Li4GeS4, Li4SnS4, and Li2SnS3 

Danielle M. Massi
(1)

, massid@duq.edu, 600 Forbes Ave, Pittsburgh PA 15282, United States ; Kimberly 
A. Rosmus

(1)
; Taylor A. Gentile

(1)
; Joseph H. MacNeil

(2)
; Jennifer A. Aitken

(1)
. (1) Department of Chemistry 

and Biochemistry, Duquesne University, Pittsburgh PA 15219, United States (2) Department of 
Chemistry, Chatham University, Pittsburgh PA 15232, United States  

Lithium sulfides are of particular interest because not many exist, yet they have potential in lithium 
batteries due to the high conductivity of the lithium ion. Li4GeS4, Li4SnS4, and Li2SnS3 were synthesized 
using polychalcogenide flux synthesis and/or high temperature solid state. The structure of Li4GeS4 was 
determined and found to be similar to that which was previously reported, with some differences in the 
location of the lithium ions. The structure of Li4SnS4 was determined for the first time and found to be 
isostructural to Li4GeS4. All compounds were characterized by powder X-ray diffraction, UV-Vis/NIR 
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spectroscopy, and differential thermal analysis. Additionally, impedance measurements were also 
performed. 

INOR 363 

Syntheses and X-ray structures of tripodal tris(diphenylphosphine) Co(I/II) complexes and 
strategy for attachment to a silicon(111) semiconductor surface 

Donatela E Bellone
(1)

, dona1406@gmail.com, 1200 E California Blvd, Beckman Institute, MC 139-74, 
Pasadena CA 91125, United States ; Michael J Rose

(1)
; Harry B Gray

(1)
. (1) Division of Chemistry and 

Chemical Engineering, California Institute of Technology, Pasadena CA 91125, United States  

There is great interest in developing a photovoltaic cell which splits water into its elemental components 
H2 and O2 using earth-abundant metal catalysts. On the H2 generating side, there is a need to attach 
molecular catalysts to a photoactive silicon semiconductor surface. In this work, we have synthesized the 
metal-binding ligand (2-((diphenylphosphino)methyl)-2-phenylpropane-1,3-di)bis(diphenylphosphine) 
(PhP3) bearing three phosphino-P donors in a tripodal array. Reaction of PhP3 with the Co(II) starting salt 
CoI2 in THF spontaneously generates the Co(I) complex [(PhP3)Co

I
(I)], which was characterized by X-ray 

crystallography. This Co(I) species undergoes a quasi-reversible oxidation at the surprisingly positive 
potential of +0.185 V vs. SCE. To attach the ligand/complex to a Si(111) surface, we have made progress 
toward synthesizing the corresponding brominated ligand 2-(4-bromophenyl)-2-
((diphenylphosphino)methyl)propane-1,3-diyl)bis(diphenylphosphine) (BrPhP3) bearing a single functional 
group at the ligand periphery. Electrochemical and photoelectrochemical experiments of the surface 
bound Co(I/II) species are underway to assess its redox and catalytic properties. 

INOR 364 

Effect of alcohols on the face-specific etch rates of silicon: Alcohol molecular structure controls 
etchant anisotropy 

Mary Clare Higgins-Luthman
(1)

, higginsluthmanm@kenyon.edu, PO Box 1359, Gambier Ohio 43022, 
United States ; Simon P Garcia

(1)
. (1) Department of Chemistry, Kenyon College, Gambier Ohio 43022, 

United States  

The effect of alcohols on KOH etching of silicon was quantified. To measure etch rates as a function of 
surface orientation, micromachined arrays of silicon surfaces were etched in 30% (wt/wt) KOH and the 
resulting changes were imaged through infrared microscopy. Measurements revealed that etch rate is 
highly anisotropic, and the orientation dependence is consistent with step-density-dependent etching. 
Various alcohols (at 0.5 M) alter the etch anisotropy and tend to inhibit etching of (110)-oriented surfaces. 
These changes depend on the alcohol's molecular structure. Longer-chain primary alcohols tend to inhibit 
etching more strongly, but adding a second, terminal hydroxyl group to any structure (i.e., diols) weakens 
inhibition. Cyclohexanol is a surprisingly effective inhibitor, and nearly quenches (110) etching. These 
trends demonstrate that etchant anisotropy can be finely controlled by rational selection and addition of 

alcohols to etchant solutions.    

INOR 365 

Kinetics of axial and equatorial growth in zinc oxide crystallization: Shape-control ligands 
selectively inhibit axial growth 

Abigail R Van Wassen
(1)

, vanwassena@kenyon.edu, PO Box 1412, Gambier Ohio 43022, United States 
; Simon P Garcia

(1)
. (1) Department of Chemistry, Kenyon College, Gambier Ohio 4302, United States  
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The mechanism of shape control in ZnO crystal growth was elucidated by measuring the time evolution of 
crystal dimensions. The final shape of prismatic ZnO crystals is determined by the relative rates of axial 
and equatorial growth. Bidentate carboxylate ligands, such as tartarate, reduce crystal aspect ratio 
(length/width), which is consistent with either inhibition of axial growth or enhancement of equatorial 
growth. To distinguish these possibilities, the rate constants of axial and equatorial growth were 
determined in the absence and presence of tartarate. Without tartarate, the rate constant for axial growth 
is 0.11 s

-1
. Addition of 5-ɛM tartarate reduces the rate constant to 0.065 s

-1
, a 40% reduction. In contrast, 

tartarate does not affect the rate constant for equatorial growth. These results establish an inhibition 
mechanism for shape control, which will inform efforts to develop structured, photovoltaic materials, such 
as nanorod arrays. 

INOR 366 

Binding of fluorescent and colorimetric dyes to metal chelates in solution as a basis for indicator 
release assays on immobilized surfaces 

Derek Moy
(1)

, dmoy216@gmail.com, 2130 Fulton Street, San Francisco CA 94117, United States ; 
Chang Liu

(1)
; Michelle A Nguyen

(1)
; Lawrence D Margerum

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

San Francisco, San Francisco CA 94117, United States  

Spectroscopic titrations of Cu(II), Ni(II), Zn(II) chelated to 2,2':6',2''-terpyridine (trpy) and nitrilotriacetic 
acid (NTA) to fluorescent dye 6,7-dihydroxy-4-methylcoumarin (DHMC) and colorimetric dye 
bromopyrogallol red (BPR) yielded binding constants varying with dye and solvent. Varying methanol 
concentrations from 10-50% increased solubility and produced more consistent binding constants in 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) with added sodium chloride. These binding 
constants guided selection of indicator displacement assays conducted on surface tethered dendrimers 
modified with trpy, NTA, and metal ions. Substrates such as histidine and pyrophosphate were able to 
displace the immobilized dyes. Additional dyes and metal chelating systems will be further explored. 

INOR 367 

Synthesis structure and physiochemical characterization of quaternary diamond-like 
semiconductors 

Kimberly R Daley
(1)

, daleyk@duq.edu, 600 Forbes Ave, Pittsburgh PA 15282, United States ; Joseph H. 
MacNeil

(2)
; Jennifer A. Aitken

(1)
. (1) Department of Chemistry and Biochemistry, Duquesne University, 

Pittsburgh PA 15219, United States (2) Department of Chemistry and Biochemistry, Chatham University, 
Pittsburgh PA 15232, United States  

A diamond-like semiconductor is a homeotype of a diamond's crystal structure. In order to be considered 
a diamond-like semiconductor, the compound must follow four basic rules: the average number of 
valence electrons must equal four, the number of valence electrons per anion must equal eight, the 
compound must obey Pauling's electrostatic valency rule, and all ions in the compound must be 
tetrahedrally coordinated. Based on these rules, I2-II-IV-VI4 has been proposed as a general quaternary 
diamond-like semiconductor formula, where many different ions may be incorporated. These materials, 
due to their non-centrosymmetric structures, have potentially useful nonlinear optical properties, 
specifically second harmonic generation. The synthesis of I2-II-IV-VI4 materials has been explored using 
molten flux synthesis and high-temperatures solid-state synthesis. The materials have been characterized 
using powder X-ray diffraction, UV-VIS-NIR spectroscopy, differential thermal analysis, and single crystal 
X-ray diffraction. 

INOR 368 

Thermal stability studies of topochemically prepared mixed-metal layered perovskites 

Sara Farooq
(1)

, sfarooq1@uno.edu, 2000 Lakeshore Drive, New Orleans Louisiana 70148, United States 
; Kulugammana G.S. Ranmohotti

(1)
; Jianxia Zhang

(1)
; John B. Wiley

(1)
. (1) Chemistry, University of New 

Orleans, New Orleans Louisiana 70002, United States  

Layered perovskites of the Dion-Jacobson structure type are of current interest due to their ability to 
undergo extensive topotactic manipulations. We have studied a number of products made from the 
double-layered perovskite, RbNdNb2O7, by ion-exchange. The series of compounds, ANdNb2O7 (A = Li, 
Na, K, H, NH4

+
) and (CuCl)NdNb2O7, are readily prepared by this approach. Utilizing high temperature X-

ray powder diffraction (HTXRD) and differential scanning calorimetry (DSC), we then examined their 
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thermal behavior. The decomposition pathways of this series of double-layered perovskites will be 
presented and their thermal stabilities relative to other layered perovskites discussed. 

INOR 369 

WITHDRAWN 

INOR 370 

NKU Fullerene Research: Modular synthetic strategy to design substituted fullerene-bipyridine 
ligands for supramolecular photochemical applications 

Alexa Abner
(1)

, abnera1@mymail.nku.edu, Nunn Drive, Highland Heights KY 41099, United States ; 
Wesley Baas

(1)
; Derek Gibbs

(1)
; Keith Walters

(1)
. (1) Department of Chemistry, Northern Kentucky 

University, Highland Heights KY 41099, United States  

Recent interest in solar energy has led to research involving the creation of more effective solar cells, 
causing many chemists to turn to molecules like fullerenes as a potential electron acceptor in these 
devices. While they have a great capacity for excess electrons, they have very poor solubility in most 
solvents and do not absorb across the entire solar light spectrum. Our research group has been 
interested in synthesizing substituted fullerenes and creating supramolecular structures uniting these 
molecules to transition metal chromophores using well-known coupling strategies. Such systems should 
overcome the inherent problems of fullerenes and allow for rapid photoinduced charge transfer. This 
poster is one in a series that describes this research and focuses on our current efforts to design a host of 
small molecule building blocks to better facilitate the design of these systems. The creation of a few 
different subunits should allow for the easy preparation of the various substituted bipyridine ligands that 
are necessary for the implementation of our systems. Our strategy for creating these subunits and their 
ensuing substituents (e.g., fullerene, corannulene, and/or methoxybenzene ñcapsò) will be presented 
along with current results on our progress.  

  

INOR 371 

NKU fullerene research: Synthesis of novel phenanthroline-fullerene ligands for supramolecular 
photochemical applications 

Wesley Baas
(1)

, baasw1@mymail.nku.edu, Nunn Drive, Highland Heights KY 41099, United States ; 
Alexa Abner

(1)
; Derek Gibbs

(1)
; Keith Walters

(1)
. (1) Department of Chemistry, Northern Kentucky 

University, Highland Heights KY 41099, United States  

Recent interest in solar energy has led to research involving the creation of more effective solar cells, 
causing many chemists to turn to molecules like fullerenes as a potential electron acceptor in these 
devices. While they have a great capacity for excess electrons, they have very poor solubility in most 
solvents and do not absorb across the entire solar light spectrum. Our research group has been 
interested in synthesizing substituted fullerenes and creating supramolecular structures uniting these 
molecules to transition metal chromophores using well-known coupling strategies. Such systems should 
overcome the inherent problems of fullerenes and allow for rapid photoinduced charge transfer. This 
poster is one in a series that describes this research and focuses on a recent extension to design a more 
compact phenanthroline-fullerene ligand. This ligand uses our same fullerene substitution chemistry but 
directly links it to a ligand suitable for transition metal complexation. It is also believed that the shorter 
bridge distance created by the phenanthroline will increase the interaction between the two molecular 
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subunits and lead to enhanced charge transfer.  

  

INOR 372 

NKU Fullerene Research: Spectroscopic study of charge transfer in fullerene-transition metal 
supramolecular organometallic systems 

Elizabeth Walsh
(1)

, walshe1@nku.edu, Nunn Drive, Highland Heights KY 41099, United States ; Shelby 
Kozlowski

(1)
; Keith A Walters

(1)
. (1) Department of Chemistry, Northern Kentucky University, Highland 

Heights KY 41099, United States  

Our research group has recently synthesized a series of organometallic supramolecular systems that 
unite transition metal chromophores and substituted fullerene or corannulene subunits. The ultimate 
objective of these systems is their application in devices where charge movement can be initiated with 
light (e.g., solar cells). However, before these systems can be considered for this application, their 
excited-state photophysics must be thoroughly investigated. This poster details the fullerene portion of 
this research and covers a series of molecules (including rhenium, ruthenium, and osmium variants) and 
a multitude of measurements, including absorption, emission, transient absorption, and electrochemistry 
at variable temperatures. We believe that charge transfer is observed in these systems as long-lived 
excited state(s) that are only present when the transition metal and fullerene units are connected 
together. A summary of our current results will be presented, along with an interpretation of a possible 
excited-state structure that could present the observed spectroscopic behavior.  

       

INOR 373 

NKU Fullerene Research: Spectroscopic and computational study of corannulene-transition metal 
supramolecular organometallic systems 
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Shelby Kozlowski
(1)

, kozlowskis1@mymail.nku.edu, Nunn Drive, Highland Heights KY 41099, United 
States ; Elizabeth Walsh

(1)
; Keith A Walters

(1)
. (1) Department of Chemistry, Northern Kentucky 

University, Highland Heights KY 41099, United States  

Our research group has recently synthesized a series of organometallic supramolecular systems that 
unite transition metal chromophores and substituted fullerene or corannulene subunits. The ultimate 
objective of these systems is their application in devices where charge movement can be initiated with 
light (e.g., solar cells). However, before these systems can be considered for this application, their 
excited-state photophysics must be thoroughly investigated. This poster details the corannulene portion of 
this research and covers a multitude of measurements, including absorption, emission, tranisent 
absorption, and electrochemistry at variable temperatures. Semi-empirical calculations have been 
performed on many analogs of these systems in order to better understand the observed results and 

paint a better picture of their excited-state structure.    

INOR 374 

NKU Molecular Wire Research: Synthesis of substituted benzene and bipyridine building blocks 
for supramolecular synthesis 

Dustin Czirr
(1)

, czirrd1@mymail.nku.edu, Nunn Drive, Highland Heights KY 41099, United States ; 
Chevelle Cason

(1)
; Alex Ivers

(1)
; Keith A Walters

(1)
. (1) Department of Chemistry, Northern Kentucky 

University, Highland Heights KY 41099, United States  

A growing concern for the conservation of energy has inspired a rising interest in the field of 
supramolecular photochemistry. By studying how molecules react with light, it is possible that new 
advances in the conservation of energy could be developed. The objective of this research is to create a 
supramolecular system with a ˊ-conjugated polymer backbone that interacts with transition metals to 
allow an efficient transfer of charge when the molecule is excited by light. This poster is one in a series 
presented on this research and focuses on the formation of the building block monomer that will be used 
in the ensuing polymeric synthesis. Several building blocks will be presented, including the incorporation 
of these structures with the substituted fullerene subunits utilized in other projects in our research group. 
The final product of this overall research could be used in applications to form solar panels, photonic 
computers and non-linear optical devices.  

  

INOR 375 

NKU Molecular Wire Research: Alternate synthetic methodologies for substituted bipyridine 
building blocks for supramolecular synthesis 

Chevelle Cason
(1)

, casonc@mymail.nku.edu, Nunn Drive, Highland Heights KY, United States ; Dustin 
Czirr

(1)
; Alex Ivers

(1)
; Keith A Walters

(1)
. (1) Department of Chemistry, Northern Kentucky University, 

Highland Heights KY 41099, United States  
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A growing concern for the conservation of energy has inspired a rising interest in the field of 
supramolecular photochemistry. The objective of this research is to create a supramolecular system with 
a ˊ-conjugated polymer backbone that interacts with transition metals to allow an efficient transfer of 
charge when the molecule is excited by light. This poster is one in a series presented on this research 
and focuses on the formation of the central portion (MW-1e) of the bis(bipyridine) monomer that serves as 
the polymeric backbone (MW-l) that the transition metal is incorporated into. The precursor for this 
molecule, 1,4-bis (2-bromoethyl) benzene (MW-1c), was synthesized with at least 62% yield numerous 
times. Then, an alternate Negishi coupling strategy was utilized wherein 2-bromo-4-iodopyridine first 
incorporates zinc as a good leaving group. Ultimately MW-1c can react with this product on both sides to 
form MW-1e and subsequently MW-1 utilizing building blocks created by other group members. The final 
product of this overall research could be used in applications to form solar cells and other optically active 

materials.    

INOR 376 

NKU Molecular Wire Research: Synthesis of acetylene-pyridine building blocks for 
supramolecular synthesis 

Alex Ivers
(1)

, iversa1@nku.edu, Nunn Drive, Highland Heights KY 41099, United States ; Keith A 
Walters

(1)
; Dustin Czirr

(1)
; Chevelle Cason

(1)
. (1) Department of Chemistry, Northern Kentucky University, 

Highland Heights KY 41099, United States  

A growing concern for the conservation of energy has inspired a rising interest in the field of 
supramolecular photochemistry. By studying how molecules react with light, it is possible that new 
advances in the conservation of energy could be developed. The objective of this research is to create a 
supramolecular system with a ˊ-conjugated polymer backbone that interacts with transition metals to 
allow an efficient transfer of charge when the molecule is excited by light. This poster is one in a series 
presented on this research and focuses on the formation of molecular precursors to the ultimate 
monomer that unites a transition metal chromophore coupled to a ˊ-conjugated system. A series of 
syntheses centered around the formation of trimethylsilyl-2-bromopyridine (MW-1a) will be presented, as 
well as the various products that can be constructed from this building block. The final product of this 
overall research could be used in applications to form solar panels, photonic computers and non-linear 

optical devices.    

INOR 377 

Development of electrochemical biosensors for the detection of Vascular Endothelial Growth 
Factor 

Kara Brusoski
(1)

, k.brusoski@tcu.edu, Box 298860, Forth Worth TX 76129, United States ; Kayla 
Green

(1)
. (1) Department of Chemistry, Texas Christian University, Fort Worth TX, United States  

The development of electrochemical biosensors for the detection of Vascular Endothelial Growth Factor 
(VEGF), a biomarker that is produced in excess by cancer cells and can be found in blood serum is the 
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focus of this project. This system provides a simple, efficient, and cost-effective means to evaluate cancer 
and its treatment. Specific aims include: (1) construct ferrocene-peptide complexes to act as 
electrochemical biosensor for cancer biomarkers, (2) conduct full characterization to determine the 
reactivity of these conjugates with cancer biomarkers and (3) link these biosensors to Au electrodes to 
evaluate their ability to detect the cancer biomarkers. 

INOR 378 

Synthesis of 1,4,7-triphenyl-1,4,7-triphosphacyclononane: The first metal-free synthesis of a [9]-
aneP3R3 ring 

Monte L. Helm
(1)

, helm_m@fortlewis.edu, 1000 Rim Drive, Durango CO 81301, United States ; Daniel J. 
Lowry

(1)
. (1) Chemistry Department, Fort Lewis College, Durango CO 81301, United States  

Synthesis of the 1,4,7-triphenyl-1,4,7-triphosphacyclononane ([9]-aneP3Ph3) macrocycle was 
accomplished through the reaction of lithium bis(2-phenylphosphidoethyl)-phenylphosphine with 1,2-
dichloroethane. The [9]-aneP3Ph3 was subsequently coordinated to a Mo(0) metal center and isolated as 
the fac-Mo([9]-aneP3Ph3)(CO)3 metal complex. Spectroscopic and X-ray data will be presented.  

  

INOR 379 

Advancements in the self-assembly of molecular squares using rhodium(III) thioether complexes 
as vertices 

Hitesh V Vashi
(1)

, Hitesh-Vashi@mocs.utc.edu, 916 Shady Fork Road, Chattanooga Tennessee 37421, 
United States ; Gregory J Grant

(1)
. (1) Department of Chemistry, University of Tennessee at Chattanooga, 

Chattanooga Tennessee 37403, United States  

Our group is focused on using redox active metal thioether complexes that will serve as vertices in the 
self-assembly into molecular cubes, squares, and hexagons. We are particularly interested in employing 
thiacrown complexes containing Rh(III), Fe(II), and Ru(II) to prepare these metallosupramolecular 
structures. These complexes have a wide range of potential applications including the encapsulation of 
gases and ions and forming efficient conductors in micro and nano electronics.  Even though the 
dechlorination attempt of [Rh(12S4)Cl2](PF6) (12S4 = 1, 4, 7, 10-tetrathiacyclododecane) was 
unsuccessful, we are able to use the starting complex [Rh(12S4)Br2](Br) as the basis for a corner in a 
molecular square. Dehalogenation of this complex has proven successful by using a solid-state reaction 
with AgNO3 to form [Rh(12S4)(H2O)(NO3)](NO3)2 which will serve as the precursor complex for self-
assembly. Our attempt to prepare an analogous 12S4 complex with Fe(II) resulted in the isolation of 
[Fe(12S4)2]

2+
. Lastly, we have prepared octahedral complexes of rhodium(III) complexes containing the 

oxa-thioethers 18S4O2 (1, 10-dioxa-4, 7, 13, 16-tetrathiacyclooctadecane) and 9S2O (1-oxa-4, 7-
dithiacyclononane), both of which show full coordination by all oxygen and sulfur donors. 

INOR 380 

Carbon and oxygen linkage isomers of acetate in Pd(II) thiacrown complexes 
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John P Lee
(1)

, john-lee@utc.edu, 615 McCallie Avenue, Chattanooga TN 37403, United States ; Gregory 
J Grant

(1)
; Daron E Janzen

(2)
; Donald G VanDerveer

(3)
. (1) Department of Chemistry, University of 

Tennessee at Chattanooga, Chattanooga TN 37403, United States (2) Department of Chemistry, St. 
Katherine University, St. Paul MN 55105, United States (3) Department of Chemistry, Clemson University, 
Clemson SC 29634, United States  

Palladium(II) acetate reacts with one equivalent of 1,4,7-trithiacyclononane (9S3) at room temperature to 
produce the neutral complex [Pd(9S3)(OAc)2] as an analytically pure yellow solid. Both 

1
H and 

13
C NMR 

data collected at room temperature in a variety of polar protic and aprotic solvents are consistent with 
monodentate coordination of both acetate ligands to the Pd through their oxygen donors. However, 
crystals of the complex prepared from chloroform show an X-ray structure in which both monodentate 
acetate ligands are coordinated through their carbon donors {i.e., [Pd(9S3)(CH2C(O)OH)2]}. This linkage 
isomer represents a rare example of coordination of acetate through carbon (via C-H activation of the 
acetate methyl group) to a metal center.  The 9S3 ligand forms the anticipated elongated square 
pyramidal structure with one long Pd-S axial interaction at 2.83 Å. Studies are underway to investigate 
solvent and temperature effects on the two linkage isomers of [Pd(9S3)(OAc)2] in solution and the solid-
state using NMR and IR spectroscopy. 

INOR 381 

Synthesis and characterization of elongated square pyramidal complexes of platinum(II) involving 
crown thioethers and diimines 

Natalie N Talbott
(1)

, nntalbott@gmail.com, 615 McCallie Avenue, Chattanooga TN 37403, United States ; 
Gregory N Grant

(1)
. (1) Department of Chemistry, University Of Tennessee at Chattanooga, Chattanooga 

TN 37403, United States  

Our group has been interested in platinum(II) thiacrown complexes containing a wide range of neutral 
diimine ligands. Complexes of the general formula [Pt(9S3)L]

2+
 where 9S3 is the crown thioether, 1,4,7-

trithiacyclononane, and L represents 5,6-dimethyl-1,10-phenanthroline (phen), 4,7-dimethyl-1,10-phen, 
4,7-diphenyl-1,10-phen, 5-nitro-1,10-phen, tap (pyrazino[2,3-f]quinoxaline) or bpm (2,2ǋ-bipyrimidine) 
have been synthesized and characterized. These all form elongated square pyramidal structures with the 
third sulfur of the 9S3 ligand located in the axial position. The platinum-axial sulfur distance in the 
coordinated 9S3 ligand is dependent on the donor/acceptor properties of the diimine, and thereby serves 
as an excellent structural probe. Noteworthy trends based upon the position and electronic properties of 
the substituents found within the diimine framework are presented. The Pd(II) analog of the 9S3 complex 
of tap has been included and shows that it has similar properties once compared to its Pt(II) congener. 

INOR 382 

Square/triangle equilibria in Pt(II) and Pd(II) thiacrown supramolecular complexes 

Zachary T. Perry
(1)

, Zachary-Perry@mocs.utc.edu, 972 Jays Way, Ringgold Georgia 30736, United 
States ; Gregory J, Grant

(1)
. (1) Department of Chemistry, The University of Tennessee at Chattanooga, 

Chattanooga Tennessee, United States  

Our group had previously reported the molecular square [Pt4(9S3)4(4,4'-bipy)4](OTf)8 ((9S3 =1,4,7-
trithiacyclononane) which is comprised of 4,4'-Bipyridine linkers with four Pt(II) corners, each containing a 
fluxional 9S3 ligand (Chem. Commun., 2006, 3540). The molecular square is quite stable in the solvent 
MeNO2, but in MeCN it equilibrates with the related molecular triangle. Analogous squares containing 
{Pt(9S3)}

2+
 corners linked with pyrazine, bis-1,2-(4-pyridyl)ethylene, and 4,7-diazapyrene as bridging 

ligands have been identified using NMR spectroscopy. There is evidence for square/triangle or other 
equilibria in these systems. The triangle is discriminated from the square in solution through dispersions 
of the aromatic protons and carbons in both the 

1
H and 

13
C NMR spectra as well as differences in the 

195
Pt NMR chemical shifts. The Pd(II) analogues which have also been prepared, show similar 

square/triangle formation. Changes in the equilibria present in solution arising from differing ligands and 
metallic centers will be discussed. 

INOR 383 

New pincer ligand motifs as mechanistic probes into metal-ligand cooperation catalysis at 
ruthenium 

Balaraman Ekambaram
(1)

, balaramane2002@yahoo.com, Hertz Street, Rehovot Rehovot 76100, Israel . 
(1) Organic Chemistry, Weizmann Institute of Science, Hertz Street Rehovot 76100, Israel  
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Recently, our group has developed the dehydrogenative coupling of alcohols with amines to form amides 
with liberation of hydrogen gas, catalyzed by complex 1, based on a new mode of metal-ligand 
cooperation, involving aromatization-dearomatization on Py-PNN pincer core.

1
 Modification to the 'arms' 

of the pincer ligands, allowed us to support the metal-ligand cooperation reaction pathways and test 
proposed catalytic mechanisms. A general method for the synthesis of a new class of pincer ligands, as 
well as mechanistic studies will be presented. The new ligand motifs also provide an opportunity to probe 
new modes of reactivity in the activation of small molecules.  1 a) Gunanathan, C.; Ben-David, Y.; 
Milstein, D., Science, 2007, 317, 790. b) Milstein, D. Top. Catal. 2010, 53, 915. 

INOR 384 

Six-coordinate nitrosyl alkoxide ruthenium porphyrin complexes 

Adam J Warhausen
(1)

, awar_8@ou.edu, 101 Stephenson Parkway, Norman Oklahoma 73019, United 
States ; George B. Richter-Addo

(1)
. (1) Department of Chemistry and Biochemistry, University of 

Oklahoma, Norman Oklahoma 73019, United States  

Catalase is an important enzyme that is responsible for the destruction of hydrogen peroxide in cells. The 
active site of the enzyme contains a heme-alkoxide functionality of the form (por)Fe(OR), where the 
tyrosinate proximal ligand is stabilized by a hydrogen bonding network. Nitric oxide (NO) has been 
suggested to inhibit the enzyme.  We have prepared a new set of NO-bound ruthenium porphyrins 
containing alkoxide ligands, some of which bear an aryloxide group displaying internal hydrogen bonding. 
Our results on the preparation, spectral characterization, electrochemistry, spectroelectrochemistry, and 
single-crystal crystallography on representative (por)Ru(NO)(OR) complexes will be presented and 
discussed. 

INOR 385 

Preparation of organometallic nitrosyl porphyrins: Trans effect of NO on the ruthenium-carbon 
bond 

Nan Xu
(1)

, xunan@ou.edu, 101 Stephenson Parkway, Norman OK 73019, United States ; George B 
Richter-Addo

(1)
. (1) Department of Chemistry and Biochemistry, University of Oklahoma, Norman OK 

73019, United States  

The continuous interest in the studies of organometallic porphyrins and related macrocycles is largely due 
to the distinct roles that metal-carbon bonds play in the natural and model chemistry of coenzyme B12 and 
cytochrome P450. In addition, nitric oxide (NO) and nitrosoalkanes (RNO; R = alkyl) bind to the iron 
center in many heme biomolecules. Here, we report the preparation and characterization of nitrosyl alkyl 
complexes of ruthenium porphyrins of general formula (por)Ru(NO)R. The redox behavior of these 
complexes have been investigated by electrochemistry and infrared spectroelectrochemistry. 
Furthermore, the nitrosyl group shows a strong trans effect on the ruthenium-carbon bond. For example, 
we find that sulfur dioxide readily inserts into the Ru-C bonds to give the sulfinato derivatives in moderate 
to high yields. This work was supported by a grant from the NSF. 

INOR 386 

Organoruthenium porphyrin compounds bearing nitrosyl and carboxylate ligands 

Dennis Awasabisah
(1)

, dawas@ou.edu, Stephenson Life Sciences Research Center, 101 Stephenson 
Parkway, Norman OK 73019, United States ; George B Richter-Addo

(1)
; Michael J Shaw

(2)
. (1) 

Department of Chemistry and Biochemistry, University of Oklahoma, Norman OK 73019, United States 
(2) Department of Chemistry, Southern Illinois University Edwardsville, Edwardsville IL 62026, United 
States  

The reactions that occur at the metal center of a heme complex have very important biological 
implications. Nitric oxide (NO) is a biologically relevant signaling molecule that binds to iron porphyrins as 
part of its biological function. Ruthenium is commonly used as a model for iron because of the increased 
strength of Ru-ligand bonds. We have previously reported the preparation of ruthenium porphyrin 
complexes with NO as an axial ligand from the reaction of (por)Ru(CO) precursors with alkyl nitrites. The 
resulting (por)Ru(NO)(OR) complexes are moderately stable in air as solids, but are found to be reactive 
with carboxylic acids in solution. For example, the reaction of a typical (por)Ru(NO)(OR) complex with the 
carboxylic acid R'C(=O)OH generates air sensitive (por)Ru(NO)(OC(=O)R') derivative in good yields. In 
this work we report the preparation and characterization (by IR and NMR spectroscopy electrochemistry, 
and single crystal X-ray crystallography) of the desired (por)Ru(NO)(OC(=O)R') product complexes. 
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INOR 387 

Award Address (ACS Award in Inorganic Chemistry sponsored by The Aldrich Chemical Co., Inc.) 
Bonds or bands? Where inorganic chemistry meets condensed matter physics 

Robert J Cava
(1)

, rcava@princeton.edu, Frick Chemical Laboratory, Princeton NJ 08544, United States . 
(1) Department of Chemistry, Princeton University, Princeton NJ 08544, United States  

One approach to solid state chemistry is to search specifically for new inorganic solids that display exotic 
electronic or magnetic properties. This is done through chemical modification of previously known and 
sometimes iconic compounds to establish the critical chemical and structural factors that determine their 
properties, or through discovering new compounds that can sometimes set physics off in unexpected 
directions. The challenge is to envision how chemistry and structure combine to give birth to the 
electronic and magnetic properties of solids, and then embody that vision in a real compound. This is 
mostly not yet predictable by theory ï the exquisite sensitivity of properties to the competition between 
complex interactions is often just too subtle to model. I will present several examples of our work where a 
chemical picture gives insight into electronic and magnetic behavior that on the surface seems to be in 
the realm of condensed matter physics. 

INOR 388 

Award Address (ACS Award in the Chemistry of Materials sponsored by E. I. du Pont de Nemours 
& Company). Architectural design, interior decoration, and the importance of nothing en route to 
multifunctional nanoarchitectures 

Debra R. Rolison
(1)

, rolison@nrl.navy.mil, Code 6170, 4555 Overlook Avenue SW, Washington DC 
20375, United States . (1) Surface Chemistry Branch - Code 6170, U.S. Naval Research Laboratory, 
Washington DC 20375, United States  

Running a nanoarchitectural firm for the U.S. Navy has given my team great flexibility in designing and 
modifying ultraporous nanoscale solids for a host of technological end uses. The objects we 
studyˈaerogels and aerogel-inspired materialsˈare solïgel-derived equivalents of architectures that 
internally are all nano all the time yet are large enough to hold in your hand. These aperiodic composites 
unite high surface area "walls" for heterogeneous reactions with a co-continuous, porous network ("3D 
plumbing") that ensures facile mass transport into the structure. Conjoining solid (being) and void 
(nothingness) yields high performance in rate-critical applications and permits selective modification of 
the interior (painting the walls; hanging objets d'art) as needed for applications ranging from sensing to 
catalysis to magnetics to energy storage and conversion. The architectural metaphor provides a powerful 
perspective to design and physicochemically transform poreïsolid nanoarchitectures for 21st century 
nanoscience and technology. 

INOR 389 

Award Address (ACS Award for Distinguished Service in the Advancement of Inorganic Chemistry 
sponsored by Strem Chemicals, Inc.). Design evolution leading to the discovery of iron catalysts 
for chemoseletive ketone hydrogenation 

Charles P. Casey
(1)

, casey@chem.wisc.edu, 1101 University Avenue, Madison WI 53706, United States 
. (1) Department of Chemistry, University of Wisconsin-Madison, Madison WI 53706, United States  

For many years, we attempted to design and synthesize CO hydrogenation catalysts. The goal was to 
build a heterobimetallic dihydride with one acidic late transition metal M-H bond and one hydridic early 
transition metal M-H bond. These unsuccessful attempts were abandoned in favor of mechanistic studies 
of the Shvo catalyst whose active reducing agent possesses an acidic CpOH unit and a hydridic Ru-H 
unit. These studies helped to define the mechanism of the catalytic process and led to the successful 
development of an iron catalyst related to the Shvo system. This [R2(SiR'3)2C5OH]Fe(CO)2H complex is a 
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chemoselective catalyst for aldehyde and ketone hydogenation.  

  

INOR 390 

Award Address (ACS Award for Research at an Undergraduate Institution sponsored by Research 
Corporation for Science Advancement). Thirty years of thiacrowns 

Gregory J Grant
(1)

, Greg-Grant@utc.edu, #2252, Grote Hall, Vine Street, Chattanooga TN 37403, United 
States . (1) Department of Chemistry, University of Tennessee at Chattanooga, Chattanooga TN 37403, 
United States  

This Award Address to the Division of Inorganic Chemistry is a retrospective of our thirty years of 
research involving the coordination chemistry of macrocyclic thioethers and related ligands. The Address 
will focus on complexes with these types ligands containing two groups of metal ions -- the platinum 
group metals and heavy metals. Key research results, particularly from the past decade, will be 
highlighted. 

INOR 391 

Award Address (F. Albert Cotton Award in Synthetic Inorganic Chemistry sponsored by The F. 
Albert Cotton Endowment Fund). Construction of xupramolecular inorganic assemblies in crystals 

Alan L Balch
(1)

, albalch@ucdavis.edu, One Shields Avenue, Davis CA 95616, United States . (1) 
Department of Chemistry, University of California, Davis CA 95616, United States  

This talk will focus on the use of crystallization as a synthetic method for constructing supramolecular 
assemblies of transition metal complexes with the resulting assemblies displaying novel structural and 
physical properties. Individual topics to be discussed include: formation of crystals of fullerenes and 
endohedral fullerenes with sufficient order in the fullerene cage to allow single crystal X-ray diffraction 
studies; self-assembly of two-coordinate gold(I) and four-coordinate platinum(II) complexes upon 
crystallization into columns where weak metal-metal bonds produce variable luminescence; formation of 
crystalline polymorphs of metal complexes with demonstrable variations in structure, bonding, and 
luminescence; and crystallization of flexible molecules in structurally diverse forms. 

INOR 392 

Award Address (ACS Award in Organometallic Chemistry sponsored by Dow Chemical Company 
Foundation). Syntheses and reactivity studies of low coordinate transition metal complexes 
featuring bulky ligands 

Peter T Wolczanski
(1)

, ptw2@cornell.edu, Baker Laboratory, Ithaca New York 14853, United States . (1) 
Department of Chemistry & Chemical Biology, Cornell University, Baker Laboratory, Ithaca New York 
14853, United States  

The application of 
t
Bu3SiX (X = O, N, NH, CC), alkoxy-alkyl phosphines, and related bulky ligands toward 

the synthesis of low coordinate transition metal complexes will be discussed. Highlights of investigations 
into the activation of small molecules, including dioxygen, alkanes, and carbon monoxide will be 
presented, in addition to fundamental studies of orbital symmetry requirements. Unusual C,C-bond 
forming redox processes will also be presented. 

INOR 393 

Cox17 is a copper chaperone and a redox protein 

Ivano Bertini
(1)

, bertini@cerm.unifi.it, Via Luigi Sacconi, 6, Sesto Fiorentino Florence 50019, Italy . (1) 
CERM, University of Florence, Sesto Fiorentino Florence 50019, Italy  

Cox17 is a CHCH protein which is unfolded and fully reduced in the cytoplasm. With these characteristics 
it enters the intermembrane space of mitochondrion where it is oxidized to a mature protein by Mia40 and 
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dioxygen. At this stage Cox17 may bind copper(I) and may transfer it to an acceptor through a 
concomitant redox reaction. 

INOR 394 

Vibrational modes shifts in spin-state equilibria: A temperature-dependent NRVS study 

W. Robert Scheidt
(1)

, scheidt.1@nd.edu, 251 NSH, Notre Dame IN 46556, United States ; JianFeng Li
(1)

; 
Alexander Barabanchikov

(2)
; E. Ercan Alp

(3)
; Wolfgang Sturhahn

(3)
; Jiyong Zhao

(3)
; J. Timothy Sage

(2)
. (1) 

Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame IN 46556, United 
States (2) Department of Physics, Northeastern University, Boston MA 02115, United States (3) 
Advanced Photon Source, Argonne National Laboratory, Argonne IL 60439, United States  

Cyanide ion has long been considered a strong field ligand. Our recent report (Angew. Chem., Int. Ed., 
2008, 47, 10144) that the cyanoferroheme derivative, five-coordinate [K(222)][Fe(TPP)(CN)], is a thermal 
S= 0 ź S=2 spin crossover complex was thus unexpected. Here we report a temperature-dependent 
Nuclear Resonance Vibrational Spectroscopy (NRVS) study of this spin-crossover complex on the 
powder and oriented single-crystal samples. At 100K, [K(222)][Fe(TPP)(CN)] possesses a low-spin state. 
The iron-ligand stretch (ɜFeīCN) and bending modes (ŭFeīCīN) are assigned at 464 and 415 cm

ī1
; the 

doming mode is found at 131 cm
ī1

. [K(222)][Fe(TPP)(CN)] changes from LS to HS upon increasing the 
temperature. NRVS data were recorded on a single-crystal sample at 100, 250 and 295K for both in-
plane and out-of-plane measurements We discuss the temperature-dependent changes in the vibrational 
data accompanying the spin-state transition. 

INOR 395 

Multifrequency (9-285 GHz) EPR spectroscopy as a selective tool to unequivocally identify and 
characterize the reactivity of tryptophan radicals as the alternative [Fe(IV)=O Trp

Å
] intermediates in 

mono and bi-functional heme peroxidases and related heme enzymes 

Anabella Ivancich
(1)

, anabella.ivancich@cea.fr, Centre d[apos]Etudes de Saclay., Bat532. piece 210 D, 
Gif sur Yvette Ile de France F-91191, France . (1) iBiTec-S. Laboratoire des Hyperfréquences, 
Métalloprotéines et Systémes de Spin., Centre National de la Recherche Scientifique and CEA-Saclay, 
Gif sur Yvette F-91191, France  

Trp
Å
 and Tyr

Å
 play specific roles in proton-coupled electron transfer associated to metalloenzymes function 

(1, 2). Recent findings on the role of Trp
Å
 in the reaction with substrates in peroxidases and KatGs (3, 4) 

validate the role of specific Trp/Tyr in facilitating ET (5,6) or as true intermediates in the peroxidase cycle 
of heme enzymes (4,5,6,7,8). Multifrequency EPR and rapid-scan absorption spectra reveal the electronic 
structure and reactivity of catalytic intermediates in heme enzymes. The enhanced resolution of the g-
tensor of protein-based radicals obtained with High Field/High Frequency (10T/285 GHz) EPR 
spectroscopy allows discrimination of the Tyr

Å
 and Trp

Å
 species contributing to the high-valent 

intermediates. Multifrequency EPR characterization of engineered Trp
Å
 sites allows understanding the 

physico-chemical properties of Trp
Å
 as oxidation sites (7).   (1) Stubbe J.; van der Donk, W. Chem. Rev. 

1998, 98, 705ï762.  (2) Shih, C.; Museth, A. K.; Abrahamsson, M.; Blanco-Rodriguez, A. M. ; Di Biblio, A. 
; Sudhamsu, J.; Crane, B. R. ; Ronayne, B. R. ; Towrie, M. ; Vlcek Jr, A. ; Richards, J. H. ; Winkler, J. R. ; 
Gray, H. B. Science 2008, 320, 1760-1762.  (3) Pogni, R.; Baratto, M. C.; Giansanti, S.; Teutloff, C.; 
Verdin, J.; Valderrama, B.; Lendzian, F.; Lubitz, W.; Vazquez-Duhalt, R.; Basosi, R. Biochemistry 2005, 
44, 4267ï4274.  (4) Singh, R.; Switala, J.; Loewen, P. C.; Ivancich, A. J. Am. Chem. Soc. 2007, 129, 
15954-15963.  (5) Colin, J.; Wiseman, B.; Switala, J.; Loewen, P. C.; Ivancich, A. J. Am. Chem. Soc. 
2009, 131, 8557-8563. (6) Fielding, A.; Singh, R.; Boscolo, B.; Loewen, P. C.; Ghibaudi, E.; Ivancich, A. 
Biochemistry 2008, 47, 9781-9792. (7) Smith, A. T.; Doyle, W. A.; Dorlet, P.; Ivancich, A. Proc. Natl. Acd. 
Sci. USA 2009, 106, 16084-16089.. (8) Singh, R.; Berry, B.; Yang, F.; Zang, H.; Walker, F. A.; Ivancich, 
A. Biochemistry 2010, 49, 8857-8872. 
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Protein interactions in the utilization of bacterioferritin iron 
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Ferritin molecules function as dynamic regulators of cytosolic iron concentrations, but despite their 
importance in iron homeostasis, little is known about the processes that deliver Fe

2+
 for storage or the 

signals that prompt its release for safe integration in metabolism. We have recently discovered that 
release of iron from P. aeruginosa bacterioferritin B (BfrB) requires electrons from a reductase (Fpr) and 
binding of a regulator (Bfd). Elucidation of the BfrB-Fpr complex is important to understanding the 
pathways that allow electrons to go through the protein shell and reduce Fe

3+
 prior to its mobilization. Like 

other electron transfer partners, the BfrB-Fpr complex is in rapid on-off equilibrium, which largely 
precludes its crystallization. This property, however, makes it suitable for NMR investigations, despite the 
size of the bacterioferritin (470 kDa). Results from our NMR studies will be presented, which indicate that 
one FPR molecule binds per subunit-dimer, near the heme, and that the association is modulated by 
NADP(H). 

INOR 397 

Invisible states in paramagnetic copper proteins studied by NMR 

Alejandro J. Vila
(1)

, vila@ibr.gov.ar, Suipacha 531, Rosario Santa Fe, Argentina ; Luciano A. Abriata
(1)

; 
Maria-Eugenia Zaballa

(1)
. (1) Department of Biological Chemistry, IBR - University of Rosario, Rosario 

Santa Fe 2000, Argentina  

NMR of oxidized copper proteins has been largely unexplored due to the slow electron relaxation times of 
Cu

2+
. However, T1, T3 and CuA centers display relatively fast electron relaxation rates which make them 

amenable to NMR studies. In the binuclear copper sites CuA and T3, this is due to low-lying excited 
states that are populated at room temperature and contribute to the reactivity of the metal site.   NMR can 
shed light on these invisible, partially populated, electronic states. The engineering of different axial 
ligands in CuA tunes the energy gap between the ground state and the invisible excited state, thus 
providing a mechanism to regulate the electronic structure of the metal site at room temperature. This 
information nicely complements the picture provided by ground state magnetic techniques such as EPR 
and ENDOR. 

INOR 398 

NMR investigations of the protein structure and dynamics of the nitrophorins from a new world 
blood-sucking insect 

F. Ann Walker
(1)
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(1)
; Hongjun Zhang

(1)
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The University of Arizona, Tucson Arizona 85721-0041, United States  

The blood-sucking insect Rhodnius prolixus has four ~20 kDa 8-stranded ɓ-barrel ferriheme proteins in its 
saliva which bind NO at pH 5-6. When the saliva is injected into a victim's tissues, NO dissociates and 
can pass through cell walls to reach capillaries and cause vasodilation. The A-B and G-H loops of the NP-
NO complexes are closed at low, and more open at high pH. At pH 7.5 the two pairs of proteins (NP1,4 
and NP2,3) have kds which differ by a factor of ~100, and which also depend on whether the protein has 
its native N-terminal residue (K1, D1, D1, A1 for NP1-4) or contains the M0 that results from expression 
initiation; only NP4 has its native A1. We have engineered the other three NPs for soluble expression and 
removal of M0 via export to the E. coli periplasm. The physical properties and dynamics of apo- and holo-
NP2, measured by multidimensional NMR methods, will be discussed. 

INOR 399 

Lessons from the Balch lab: Education, collaboration, innovation! 

Catherine T Hunt
(1)

, catherinehunt@dow.com, 727 Norristown Road, Bldg 9A, Rm 201, PO Box 0904, 
Spring House PA 19477-0904, United States . (1) Innovation Sourcing & Sustainable Technologies, The 
Dow Chemical Company, Spring House PA 19477-0904, United States  

Professor Balch was at once, educator, mentor, colleague and friend. He challenged us to be the very 
best that we could be. He made time for us, whether we were first years starting out, or 4

th
 years finishing 

up, or new postdocs honing our skills, or former students returning home. We'll revisit the lessons learned 
ï in and out of the lab. Lessons that have served me well throughout my career: from bench chemist to 
R&D director, from STEM advocate to ACS President. 

INOR 400 

Isolable alkene and alkyne complexes of copper, silver, and gold 
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Rasika Dias
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, dias@uta.edu, Box 19065, Arlington Texas, United States . (1) Department of Chemistry 
and Biochemistry, The University of Texas at Arlington, Arlington Texas 76019, United States  

Coinage metal ions (Cu, Ag, Au) play an important role in many reactions involving alkenes and alkynes. 
An area of research focus in our laboratory is the investigation of reaction intermediates or the isolation of 
closely related and isolable models for intermediates in such processes. We have utilized a variety of 
highly fluorinated ligands (like tris(pyrazolyl)borates and triazapentadienyl systems) and anions to 
stabilize molecules featuring bonds between coinage metal ions and simple alkenes and alkynes. 
Structures, bonding and properties of these adduct and coinage metal family group trends will be 
discussed. 

INOR 401 

N-heterocyclic carbenes as supports for highly luminescent d
10

-d
10

 metal-metal interactions 

Vincent J. Catalano
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@font-face { font-family: "Arial"; }@font-face { font-family: "Cambria"; }p.MsoNormal, li.MsoNormal, 
div.MsoNormal { margin: 0in 0in 10pt; font-size: 12pt; font-family: "Times New Roman"; }div.Section1 { 
page: Section1; }  Recent results on the vapochromic properties of a series of N-heterocyclic carbene 
(NHC) bridged multimetallic d

10
 complexes is presented. Modulation of Au(I)-Cu(I) metal-metal 

interactions and hence luminescence in the solid state by solvent vapor is discussed.  

   For example, the tricationic, blue 
emitting [Au(im(CH2py)2)2(Cu(MeCN)2)2](PF6)3 (1) reacts with MeOH vapor to afford 
[Au(im(CH2py)2)2(Cu(MeOH))2](PF6)3 (2) which emits green luminescence under UV excitation. The 
AuÅÅÅCu separations in 1 are long at 4.596 Å while compound 2 exhibits two, short AuÅÅÅCu interactions of 
2.7195(7) Å with the Au(NHC)2 core acting as an additional ligand toward each copper center. Simple 
alterations to these structural motifs leads to dramatic changes in luminescence. 

INOR 402 

Dinuclear gold amidinates: Synthesis and characterization of the first gold(II)-fluoride bond 

John P. Fackler
(1)

, Fackler@mail.CHEM.TAMU.EDU, University Drive, College Station Texas 77843-
3255, United States ; Hanan Abdou

(1)
; Doris Melgarejo

(1)
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(1)
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University, College Station Texas 77843-3255, United States  

There are no gold fluoride compounds with gold-gold bonds in the literature, although anionic [AuFx] 
species first appeared in 1949 (Sharpe). Only one report has been given for a gold(I)-fluoride (Sadighi). 
The recent report by Toste of catalytic action of a gold(III) fluoride to produce C-C coupling, demonstrates 
special interest in the gold-fluoride bond. The "soft" nature of gold generally has been assumed to make 
gold fluorides relatively unstable.   The formation of a dinuclear Au(II) fluoride was achieved by 
successfully synthesizing a dinuclear gold(II) amidinate with terminal nitrate groups and exchanging the 
nitrate with fluoride. The Au-Au bond, 2.595Å,  



133 

 

   , is considerable longer than the Au-Au 
distance in the precursor nitrate, 2.486Å. 

INOR 403 

Gilded organometallics: Recent developments in synthesis and photophysics 

Thomas G. Gray
(1)

, tgray@case.edu, 10900 Euclid Avenue, Cleveland Ohio 44106, United States ; David 
V. Partyka

(1)
; Lei Gao

(1)
; Nihal Deligonul

(1)
. (1) Department of Chemistry, Case Western Reserve 

University, Cleveland Ohio 44106, United States  

A modular protocol for phosphorescence emitter design has been  demonstrated. Aromatic skeletons 
have been functionalized with gold(I)  fragments. Triplet excited-state character is introduced through the  
spin-orbit coupling wrought by gold. Applications to a range of  organometallics will be discussed, as will 
photophysical consequences.  Potential applications and recent developments will be described. 

INOR 404 

Balch-influenced chemistry, photophysics, and molecular electronics of gold(I) complexes 

Mohammad A Omary
(1)

, omary@unt.edu, 1155 Union Circle #305070, Denton Texas 76203, United 
States . (1) Department of Chemistry, University of North Texas, Denton Texas 76203, United States  

CHEMISTRY: Balch and others studied aurophilicity and oxidative-addition in [(mu-RN=COR')Au]3 
complexes. We expanded the chemistry to metalloaromaticity, photoreduction to gold nanoparticles, and 
homo-/hetero-bimetallic interactions of these pi-basic complexes and their ñmetallo-organometallicò 
adducts.  PHOTOPHYSICS: We unraveled structure-luminescence relationships of Au(I) complexes. 
Aurophilic dimers of RNCAuX(X=halide) emit blue-green while extended-chains emit orange-red with 
remarkably-high/genuine Stokes shifts (~3 eV!), as described in recent work dedicated to Balch (Dalton 
Trans.2009,1522-1533;COVER) following earlier collaborations with him. Trinuclear complexes, 
meanwhile, entail opposite structure-luminescence relationships. Thus, dimer-of-trimer complexes exhibit 
red localized-excimer/large-Stokes'-shift vs. blue band-structure/small-Stokes'-shift phosphorescence for 
extended-chain semiconductors. MOLECULAR ELECTRONICS: Balch demonstrated rather-sophisticated 
structural/optoelectronic properties of albeit the simplest trinuclear complex, [(mu-MeN=COMe)Au]3 
including remarkable structure, ñsolvoluminescenceò, and conductivity. For molecular electronics, we use 
larger R/R' substituents to enable solution-processed thin-films. We discovered two recipes toward use in 
white OLEDs: 1)Red/Green/Blue(RGB) emissions with ñfrustratedò energy-transfer. 2)Single-material 
white emission. Additionally, extended-chain solids produced p-type field-effect semiconducting 
characteristics. 

INOR 405 

Metal-catalyzed cycloaromatizations of dienynes 
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United States ; David M Hitt
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Pentamethylcyclopentadienyl ruthenium complexes have been demonstrated to cycloaromatize 
conjugated dienynes by two distinctly different mechanisms. With bulky alkyne substituents, cis-2,4-
diene-6-ynes (1) undergo carbon-carbon bond formation at the C1 and C6 carbons to give aromatic 
products of type 2; whereas smaller alkyne substituents lead to carbon-carbon bond formation at C2 and 
C7 to give products of type 3. Isotope-labelling and NMR spectrsocopic studies have been employed to 
elucidate potential mechanisms for these unusual cyclizations. 

  

INOR 406 

Catalytic decarboxylative allylations and benzylations 

Jon Tunge
(1)

, tunge@ku.edu, 2010 Malott Hall, Lawrence KS 66045, United States . (1) Chemistry, The 
University of Kansas, Lawrence KS 66045, United States  

Catalytic decarboxylative couplings allow the allylation and benzylation of a wide variety of nucleophiles 
without the need for stoichiometric bases, organometallics, and additives that plague traditional cross-
coupling reactions. Recent advances in decarboxylative allylations and benzylations, including 

stereospecific couplings, will be discussed.      

INOR 407 

Trialkyl silane reductions of organic functional groups catalyzed by a cationic iridium silane 
complex 

Maurice Brookhart
(1)

, mbrookhart@unc.edu, CB#3290, Chapel Hill NC 27599-3290, United States ; 
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(1)
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The cationic iridium(III) pincer complex, (POCOP)Ir(H)
+ 

binds silanes in an eta-1 fashion to yield 
complexes of the type (PCP)Ir(H)(HSiR3)

+ 
,1. The silyl unit is rendered highly electrophilic and is readily 

transferred to organic functional groups such as halides, ethers and carbonyl compounds. The remaining 
neutral (PCP)Ir(H)2 is a hydride reducing agent which reacts with the silylated functional group, and thus 1 
in the presence of excess trialkyl silane serves as an efficient catalyst for reduction of R-X and R-O bonds 
as well as for hydrosilation of carbonyl compounds. Epoxides can be opened in a regioselective manner 
to yield silyl-protected alcohols. The synthetic and mechanistic details of these reactions will be 
described. 
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Homogeneous catalysis with nickel bis(phosphinite) pincer complexes 

Hairong Guan
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To meet the global energy and resource demand in a sustainable fashion, chemists need to develop 
catalytic reactions that use less energy and more renewable or readily available materials. To this end, 
we have investigated the reactivity of nickel bis(phosphinite) pincer complexes, which are derived from an 
inexpensive metal and easily synthesized ligands. Mechanistic studies have led to the discovery of 
efficient catalysts for the reduction of carbonyl functionalities, the dehydrogenation of formic acid and 
ammonia-borane, and cross-coupling reactions.  
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Reaction development and mechanistic study of asymmetric reductive amination in the synthesis 
of a dual Orexin inhibitor 

Neil A Strotman
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A novel transfer hydrogenation catalyst variant has been employed in the intramolecular asymmetric 
reductive amination of a dialkylketone with an aliphatic amine in the synthesis of a dual Orexin inhibitor. 
This challenging ring forming reaction gives the product in high yield and enantioselectivity. Kinetic and 
mechanistic studies of this reaction will be discussed. 

INOR 410 

Hot bromine vs. cold bromine: A highly selective reagent in the oxidation of a dihydropyrazole to 
a pyrazole 

Paul J. Fagan
(1)
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19880-0328, United States ; John Freudenberger
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The products Rynaxypyr
®
 and Cyazypyr

®
 are highly active crop protection insecticides. The process to 

make these compounds involves an oxidation of a dihydropyrazole intermediate to a pyrazole. We have 
found that treatment of the dihydropyrazole with hot bromine gives a nearly quantitative yield of the 
desired pyrazole, as opposed to bromine treatment under ambient conditions. The mechanism of this 
highly selective chemistry will be discussed, as well as use of Design of Experiment methods to optimize 
the process. 

INOR 411 

Reaction mechanisms of alkyl- and aryllithium reagents and enolates with carbonyl compounds 

Hans J. Reich
(1)
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Department of Chemistry, University of Wisconsin, Madison, Madison WI 53711, United States  

Organolithium reagents play a major role as carbanion sources for coupling reactions with many types of 
electrophiles, in particularly electrophilic carbon species. There is a vast literature that provides many 
recipes for preparing and utilizing them, but mechanistic and structural insights are often sparse. We have 
attempted to understand in detail the properties and reactions of lithium reagents using multinuclear NMR 
spectroscopy (in particular Rapid Inject INMR), as well as reactivity and selectivity studies, 
stereochemical investigations and kinetics. These techniques have provided insights into the role of ion 
pair structure, various aggregation states, as well as the mixed aggregates that are typically formed 
during reactions of aggregated lithium reagents. We will report results of experiments on the course of 
reaction of various lithium bases and nucleophiles with ketones, aldehydes, carboxylic esters and/or 
carboxylic amides. 

INOR 412 

Nano-enabled discovery of new inorganic solids 
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Solution chemistry methods, which are widely used for the synthesis of colloidal nanoparticles, offer an 
alternative low-temperature pathway to classes of inorganic solids that are normally prepared using much 
higher reaction temperatures. These methods allow us to probe reaction pathways in order to understand 
how solid-state products form in solution, and this helps to provide a predictive framework for targeted 
synthesis. These methods can also lead to the discovery of new phases that have not been accessible 
using more traditional high-temperature routes, either through exploratory or targeted synthesis. This talk 
will highlight our recent results in these areas, with specific emphasis on the formation of L12-type Au3Fe, 
wurtzite-type MnSe, and wurtzite-type ZnS. 
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Designing materials for solar water splitting 
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Efficient solar water splitting has been described as the ñholy grailò of a renewable energy economy, as it 
can directly convert daytime sunlight into a chemical fuel, H2, which can be stored, transported, and 
utilized at any time. Integrated synthetic, characterization, and theoretical efforts are being pursued to 
understand and then design improved oxide and oxynitride semiconductors for this process. This 
investigation has resulted in the addition of a number of materials to the short list of oxide semiconductors 
capable of absorbing visible light (Eg < 3.0 eV) while still maintaining a conduction band with a sufficiently 
high band edge energy to permit H2 production. Progress in the synthesis of oxynitrides for water splitting 
will also be discussed. 

INOR 414 

Electrochemical preparation of ternary oxide electrodes for use in solar energy conversion 

Kyoung-Shin Choi
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Most of the oxide materials that have been studied extensively for solar energy conversion (e.g. 
photovoltaics and photoelectrochemical cells) are binary although there are many ternary and quaternary 
semiconductor materials that possess suitable ban dgap energies and band positions to serve as efficient 
photoelectrodes to derive various photoelectrochemical reactions. Studies on ternary oxide 
photoelectrodes have been limited mainly because obtaining these materials with a high purity is 
relatively difficult due to the competing formation of binary components. As a result, not many facile 
synthesis methods that can produce multinary oxides as high quality electrodes have been available. In 
this study, we report new electrochemical synthesis conditions to prepare Fe-, W-, and Cu- based ternary 
oxide electrodes for use in solar energy conversion (i.e. photoelectrolysis of water). In particular, Cu(I)-
containing delafossites (CuBO2, B = trivalent cations) are obtained as p-type oxides. Compared to n-type 
oxides studied as photoanodes, the number of p-type oxides studied as photocathodes to date have been 
very limited. The interfacial energetics (e.g. band positions and flat band potential), photoelectrochemical 
properties, and chemical and photoelectrochemical stabilities of the resulting materials will be discussed 
in detail. 
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Size-dependent metastability and the magnetostructural transition in MnAs nanoparticles 
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MnAs exhibits a first-order magnetostructural transformation from a ferromagnetic hexagonal NiAs-type 
structure to a paramagnetic orthorhombic MnP-type at 313-317 K. This transition is a sensitive function of 
chemical or physically induced strain, providing a mechanism to alter the relative stabilities of the two 
phases. We have recently reported solution-phase syntheses that yield MnAs nanoparticles as either the 
thermodynamically stable NiAs structure or the metastable MnP structure at room temperature. 
Intriguingly, the MnP-type MnAs nanoparticles appear to be ferromagnetic at room temperature, and are 
also subject to transformation to the thermodynamic NiAs-type product over time. In this presentation, the 
effect of particle size on the stability of the MnP-type, as assessed by the relative facility of transformation 
to the thermodynamic phase, is assessed. Additionally, the presence or absence of a magnetostructural 
transition is probed using Rietveld and X-ray atomic pair distribution function methods and these data are 
correlated with magnetic ordering assessed by magnetic susceptibility methods. 

INOR 416 

Some chemical insights on the superconducting alkali metal-based iron arsenides and related 
phases 

Arnold M Guloy
(1)

, aguloy@uh.edu, 136 Fleming Bldg, Houston TX 77204-5003, United States . (1) 
Department of Chemistry and the Texas Center for Superconductivity at UH, University of Houston, 
Houston TX 77204-5003, United States  

Our previous studies on complex polar intermetallics had been motivated by the desire to explore the 
synthesis and chemical reactivity of 'salt-like' intermetallics. A general goal of the exploratory work is to 
synthesize new superconducting materials related to the rare-earth and alkaline-earth metal iron 
arsenides. This talk will present structural studies, physical properties, chemical bonding and reactivities 
of the alkali-metal (Li - Cs) iron arsenides and their related phases. Exploiting the structural behavior, 
electronic nature, and chemical reactivity of these polar intermetallics presents promising routes to new 
metastable materials and superconductors. 

INOR 417 

Superconductivity in iron chalcogenides 

Mark Green
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, mark.green@nist.gov, 2135 Chemical and Nuclear Engineering, College Park MD, 
United States . (1) Materials Science and Engineering, University of Maryland, College Park MD 20742, 
United States (2) NIST Center for Neutron Research, NIST, College Park MD 20742, United States  

The Fe1+xTe derived superconductors are proving to be one of the most fruitful areas of research in the 
understanding of the recently discovered iron based high temperature superconductors. Although they 
possess a simple layered topology of the tetrahedral anti-PbO structure, they have complex structural and 
magnetic phase diagrams that is dependent on composition and occupancy of a secondary interstitial Fe 
site. Here we present a series of neutron and synchrotron measurements on various compositions in the 
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Fe1+x(Te,Se,S) series to elucidate their structure and magntism.   
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Covalent attachment of heme c to polypeptide: Functional consequences and applications 

Kara L. Bren
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(1) Department of Chemistry, University of Rochester, Rochester NY 14627-0216, United States  

Heme c is characterized by covalent attachment to a Cys-X-X-Cys-His motif in which the two Cys form 
covalent bonds to heme and the His serves as an axial ligand. We will present support for the hypothesis 
that covalent heme attachment facilitates reduction potential tuning, resulting in the wider range of 
reduction potentials observed for proteins with heme c relative to proteins with heme b. The covalent 
attachment of heme c is proposed to modulate His-Fe bonding and heme conformation, both of which 
influence potential. Progress toward applying our understanding of heme c structure and reactivity to 
prepare artificial cytochromes c for a variety of applications will be reported. 

INOR 419 

Cytochrome c biosynthetic pathways: Heme transport, redox control, and attachment 

Robert G. Kranz
(1)
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States . (1) Department of Biology, Washington University, St. Louis MO 63130, United States  

The biosynthesis of a c-type cytochrome ("c-heme") requires the covalent attachment of the two vinyl 
groups of heme to two cysteines of the protein (typically at a CysXxxXxxCysHis motif). Prokaryotes, 
plants, and protozoa use the cytochrome c synthesis pathways called systems I or II. System I is 
composed of eight integral membrane proteins (CcmABCDEFGH). System II is composed of two 
dedicated integral membrane proteins (CcsBA). Each pathway involves the specific transmembrane 
export and attachment of heme to the apocytochrome, but different mechanisms for each are used. The 
functions of each of the proteins in the pathways are analyzed using molecular genetic and biochemical 
strategies. We report on how these two pathways transport heme to the apocytochrome c, how they 
control heme's oxidation/reduction state for proper attachment and heme chaperoning, and we propose 
mechanisms for the final attachment. 

INOR 420 
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Eutrophication resulting from human activity has affected many ecosystems over the last century, and is 
now recognized as pollution. The bacterial enzyme hydroxylamine oxidoreductase (HAO) is rate-limiting 
in nitrification, and is thus important in global nitrogen cycling of eutrophic ecosystems. HAO is a 24-heme 
homotrimeric enzyme that contains three highly unusual hemes P460, which are the sites of catalysis for 
hydroxylamine oxidation to nitrite.The c-type heme P460 was suggested to contain a third protein cross-
link to the porphyrin from a tyrosine residue. This was subsequently confirmed by a 2.8Å resolution crystal 
structure. Recently the nature of this cross-link has been questioned following the determination of a high 
resolution crystal structure of cytochrome P460, the only other protein that is known to contain heme 
P460. To address this issue we have found a new crystal form of HAO, and solved the crystal structure to 
2.25Å resolution. 

INOR 421 

Caenorhabditis elegans DUOX1 peroxidase domain: Covalent heme binding and functional role 
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NOX proteins, which catalyze the NADPH-dependent production of superoxide and H2O2, play important 
roles in cell signaling and physiology. The DUOX subfamily of NOX proteins is distinguished by the 
additional presence of an N-terminal peroxidase domain. However, despite sequence homology to 
lactoperoxidase, several usually conserved residues are absent from the putative DUOX active sites. We 
have expressed the human and Caenorhabditis elegans DUOX1 domains in a baculovirus system. 
Although the nature of human DUOX1 remains uncertain, progress has been made in elucidating the 
function of the C. elegans peroxidase domain, which covalently binds a heme group in its active site. The 
nature of the covalent bonds, their relation to those of the mammalian peroxidases, the catalytic activities 
of the peroxidase domain, and its physiological role as revealed by the phenotype of C. elegans 
expressing mutants of the protein, will be reviewed. This work was supported by an NIH grant. 
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Heme enzymes are ubiquitous in biology and catalyse a vast array of redox processes. Their oxidising 
power is coupled to formation of high-valent ferryl intermediates of the heme (known as Compounds I and 
Compound II), but these species are formed transiently and thus have proved elusive. In consequence, 
there has been conflicting evidence as to the nature of these ferryl intermediates in a number of different 
heme enzymes, in particular the precise nature of the bond between the heme iron and the bound oxygen 
atom. We present high-resolution crystal structures of both Compound I and Compound II intermediates 
in two different heme peroxidase enzymes, cytochrome c peroxidase and ascorbate peroxidase, allowing 
direct and accurate comparison of the bonding interactions in the different intermediates. A consistent 
picture emerges across all structures, showing lengthening of the ferryl oxygen bond (and presumed 
protonation) on reduction of Compound I to Compound II. 
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Mechanistic studies of A. ornata dehaloperoxidase with active site mutants and of the link 
between the oxyferrous and enzymatically-active ferric protein 
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Amphitrite ornata Dehaloperoxidase (DHP), the first globin heme protein with natural peroxidase activity, 
catalyzes the H2O2-dependent dehalogenation of halophenols to yield quinones. DHP and myoglobin 
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(Mb) mutants have been prepared to probe the mechanistic role of specific amino acids near the heme 
center of DHP. In particular, ñperoxidase-likeò Mb mutants exhibit increased dehaloperoxidase activity 
while a ñMb-likeò DHP mutant has attenuated DHP activity. The Leu100Phe variant, designed to prevent 
halophenol binding in the distal cavity, has similar activity to WT DHP suggesting that substrate binds to 
an external position such as the heme edge. Further, although isolated in the oxyferrous state, ferric DHP 
is catalytically active. We find that in the presence of TCP, as little as one equiv. H2O2 converts oxyferrous 
DHP to the enzymatically active ferric state. This provides an explanation for how the organism regulates 
the dual physiological roles of O2 carrier and dehaloperoxidase. (Funding: NSF) 
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Heme A is an obligatory cofactor in eukaryotic cytochrome c oxidase (CcO). Heme A differs from heme B 
(protoheme) in that a farnesyl moiety has been added to one of the vinyl groups, and a methyl substituent 
has been oxidized to an aldehyde. We recently obtained data establishing that the oxidation of heme O to 
heme A is strictly dependent on O2. Surprisingly, despite the fact that O2 is absolutely required for activity, 
the oxygen atom incorporated into the product is derived not from O2, but rather from water, suggesting 
that heme O is oxidized to heme A via a series of electron-transfer steps. The regulation of this intriguing 
biosynthetic process occurs in a heme-dependent manner via the transcription factor Hap1. Additional 
work in our lab is focused on understanding how heme A biosynthesis is coordinated to cytochrome c 
oxidase assembly. 
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Selective transformations of organic compounds mediated by transition metal complexes 
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Many stoichiometric and catalytic reactions are now known in which organotransition metal complexes 
mediate the synthesis of new organic compounds. These processes have been used in both industrial 
and academic chemistry to convert simple organic compounds into more complex functionalized 
materials, in some cases with high degrees of regio- and stereoselectivity. Mechanistic experiments have 
played an important part in bringing us to the current understanding of these processes, providing rational 
ways to improve them, and guiding the development of new methods. The content of the lecture will be 
chosen from exploratory and mechanistic research that has been carried out most recently. Examples will 
be taken from studies focused on the activation of carbon-hydrogen bonds in organic compounds and 
new bond-forming organic reactions mediated by complexes bearing metal-nitrogen bonds. 
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Catalytic epoxide transformation 
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In this presentation, the development of new catalysts for epoxide utilization will be presented. 
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Over the last decade there has been considerable interest in the development of tunable molecule-based 
materials that exhibit bistability as a function of external stimuli. Using a building block synthetic strategy 
discrete polynuclear complexes and chains composed of M(ɛ-CN)M´ linkages may be systematically 
designed. These materials are prepared via the self-assembly of cyanometalate anions and 
coordinatively unsaturated transition metal cations. Among these are complexes that mimic the thermally- 
and photo-induced bistability behavior seen in many Co/Fe Prussian blues, single-molecule and single-
chain magnets. We will describe recent efforts focused on the preparation and tuning of the magnetic and 
optical properties of structurally related cluster analogues. 

INOR 428 

C-H vs. C-C bond activation of acetonitrile and benzonitrile via oxidative addition: Rhodium vs. 
nickel, Cp* vs. Tp', and PMe3 vs. CNR 
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Over the past decade we have studied the cleavage of C-CN bonds in nitriles by the nickel fragment 
[Ni(dippe)], a Ni

0
 d

10
 system. In comparision, the fragment [Tp'Rh(CNR)] has been found to cleave 

exclusively the methyl C-H bonds in aliphatic nitriles (a Rh
I
, d

8
 system). To investigate the reasons for 

these apparently opposing selectivities, we have now examined nitrile activation using other rhodium 
fragments, including [Cp*Rh(PMe3)], [Tp'Rh(PMe3)], [Tp'Rh(PMe2Ph)], and [Cp*Rh(CNR)]. These 
experiments reveal the true importance of Cp* vs. Tp', and PR3 vs. CNR ligands in controlling C-H vs. C-

C activation.    
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Methane is the most abundant but least reactive of the family of alkanes, and current vast supplies 
constitute nearly 70-90% of the natural gas reserves in the world, a value which now heavily competes 
with imminent dwindling of petroleum feedstock. Therefore, the intrinsic energy stored in the CïH bonds 
of methane (a potent greenhouse gas itself), via controlled activation and functionalization processes, 
represents a quintessential challenge because of the low binding affinity and unfavorable physical 
properties of this volatile hydrocarbon, especially in the context of usage and transport. In this work we 
demonstrate that a transient titanium alkylidyne, (PNP)TiſC

t
Bu (PNP

ī
 = N[2-P(CHMe2)2-4-

methylphenyl]2), can activate at room temperature, the C-H bond of methane. We also demonstrate that 
methane can be dehydrogenated to a methylidene (Ti=CH2 ligand type). By analogy, other alkanes such 
as ethane and linear alkanes, can be dehydrogenated to their corresponding olefin. 
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Oxidative addition reactions at pincer-supported Rh centers and their role in catalysis 
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Three-coordinate, T-shaped Rh(I) complexes are accessible when supported by a number of pincer 
ligands. While they are usually too reactive to be isolated, they can be kinetically accessed in situ. These 
fragments readily enter into a variety of oxidative addition reactions with carbon-element bonds. We have 
been exploring the balance between the activation of carbon-hydrogen and carbon-heteroatom bonds 
within the same molecule. Our investigations of the stoichiometric oxidative addition reactions have led to 
the development of catalytic processes. This presentation will combine the experimental and the 
computational studies of these reactions. 
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Consequences of a pseudotetrahedral vs. a trigonal bipyramidal ligand field on the relative 
stabilities of Fe-to-ligand multiple bonds 
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Compounds containing ironïligand multiple bonds call for a detailed understanding of the factors 
underlying their stability and reactivity. Installing such bonds in the apical position of five coordinate, 
trigonal-bipyramidal (TBP) complexes is particularly challenging because of the presence of low lying, ˊ* 
orbitals. This situation contrasts that of pseudotetrahedral L3FeɂE species, where strong multiple bonding 
is favorable. Our experimental efforts to prepare iron-to-ligand multiple bonds for TBP L'L3Fe(E) systems 
will be discussed. For example, coordination of a Lewis-acid to a ˊ-acidic ligand (N2 or CO) in an axial 
position enhances its ˊ-acceptor character, conferring significant multiple-bond character to the FeïE (E 
= CR, N=NR) linkage. Alternatively, using coordinatively flexible boratrane ligands allows a strong 
distortion towards the pseudotetrahedral geometry as a multiply bonded ligand is installed, causing an 
orbital inversion that results in the stabilization of imidoiron complexes. 
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Prospecting the chemistry of Element 43 

Alfred P. Sattelberger
(1)

, asattelberger@anl.gov, Bldg. 208, Rm. A210, Lemont IL 60439, United States . 
(1) Energy Engineering and Systems Analysis Directorate, Argonne National Laboratory, Lemont IL 
60439, United States  

When sufficient quantities of the long-lived isotope technetium-99 (half-life = 212,000 y) became available 
~60 years ago, investigations of its chemistry confirmed that this radioelement behaved like a true second 
row transition element, filling a gap in the periodic table between the Group 7 elements Mn and Re. In the 
1960's, 70's and 80's, research on fundamental technetium chemistry was spurred, in part, by a world-
wide effort to develop technetium radiopharmaceuticals labeled with technetium-99m (half-life = 6h) for 
diagnostic nuclear medicine. Today, there is still intense interest in developing new radiopharmaceuticals, 
but the pace of fundamental research has slowed because of the limited number of institutions capable of 
dealing with infrastructure, regulatory, and waste disposal issues. In this talk, I will describe some recent 
advances on the solution and solid-state chemistry of this fascinating element. 
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Unique abilities of MAP catalysts for olefin metathesis 

Richard R Schrock
(1)

, rrs@mit.edu, 77 Massachusetts Avenue, MIT 6-331, Cambridge MA 02139, 
United States . (1) Department of Chemistry, Massachusetts Institute of Technology, Cambridge MA 
02139, United States  

@font-face { font-family: "Times"; }@font-face { font-family: "Helvetica-Narrow-Oblique"; }p.MsoNormal, 
li.MsoNormal, div.MsoNormal { margin: 0in 0in 0.0001pt; font-size: 12pt; font-family: "Times New Roman"; 
}p.ADVCOLLOID, li.ADVCOLLOID, div.ADVCOLLOID { margin: 0in 0in 0.0001pt; line-height: 200%; font-
size: 12pt; font-family: "Times New Roman"; }div.Section1 { page: Section1; }  In the process of exploring 
methods of synthesizing M(NR)(CHCMe2R')(OR")2 or analogous biphenolate or binaphtholate species in 
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situ by treating an appropriate M(NR)(CHCMe2R')X2 species with a monoalcohol or diol, we discovered 
M(NR)(CHCMe2R')(OR)(X) species in which X is pyrrolide or a substituted pyrrolide (Pyr). These "third 
generation" M(NR)(CHCMe2R'(OR)(Pyr) (MonoAlkoxidePyrrolide or MAP) species, isolated or prepared in 
situ, can be remarkably active and efficient metathesis catalysts. The advantages of a stereogenic metal 
center for enantioselective metathesis has been demonstrated through the synthesis of diastereomeric 
M(NR)(CHCMe2R')(OR*)(Pyr) species in which OR* is an enantiomerically pure alkoxide, and its use (as 
a mixture of diastereomers) as a catalyst for the enantioselective synthesis of the Aspidosperma alkaloid, 
quebrachamine (96%ee). MAP species also have characteristics that make them unique in other 
reactions, among them Z- and enantioselective ring-opening/cross-metatheses, Z-selective ROMP to give 
cis,syndiotactic polymers, ethenolysis of internal olefins such as oleates, Z-selective coupling of terminal 
olefins, and Z-selective cross coupling of terminal olefins. Theoretical studies suggest that 
M(NR)(CHCMe2R')(OR)(Pyr) species are inherently more reactive than bisalkoxides. It has also been 
found that methylidene species can be especially stable toward bimolecular decomposition, yet highly 
reactive. 
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Phosphaalkenes (R2C=PR') and diphosphenes (RP=PR) represent main group analogues of alkenes 
(R2C=CR'2). Molecules featuring these phosphorus containing subunits often show structural and 
chemical behavior that mimic their purely organic counterparts, justifying the claim that these low 
coordinate phosphorus compounds 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 (below).     
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Thin films of gallium and indium oxide are widely used in areas such as gas sensing and optoelectronics. 
Chemical vapour deposition (CVD) is a gas-phase process which produces high-quality thin films, but the 
film quality can be heavily influenced by the structural and physical properties of the precursor.  The MïH 
bond (M = Ga, In) is easily and cleanly decomposed and hydride is a low-mass ligand, hence metal 
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hydrides should be ideal CVD precursors. However, compounds containing an MïH bond have not 
previously been used for the CVD of M2O3 thin films.  We have synthesized and characterized group 13 
hydrides supported by ɓ-ketoiminate ligands and used them to deposit thin films of gallium and indium 
oxide by aerosol-assisted (AA) and low pressure (LP)CVD. ɓ-ketoiminate ligands can provide extra 
stability to the metal center by functionalizing the ligand with an additional Lewis base via the R group at 
nitrogen. 
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Reaction of carboryne with arenes 
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Arenes undergo predominantly the aromatic substitution reactions although dearomatization of the rings 
has been documented. Generally, cycloaddition reactions involving the benzene ring have proven to be a 
powerful dearomatization strategy. Two typical cycloaddition patterns have been reported between 
extremely reactive intermediates and arenes, namely [2+1] cycloaddition of carbenes with aromatic ˊ 
bonds, and [4+2] cycloaddition of benzyne with arenes. Carboryne (1,2-dehydro-o-carborane), a very 
reactive intermediate reported first in 1990, is known to undergo [4+2] cycloaddition reaction with 
polycyclic aromatics, resembling that of benzyne. We recently developed a very efficient precursor 1-I-2-
Li-1,2-C2B10H10 (1) for the production of carboryne. Heating an arene solution of 1 afforded both [4+2] and 
[2+2] cycloaddition products depending upon the substituents on the benzene ring. In the case of 
anisoles, the formal cycloinsertion products, cyclooctatetraenocarboranes, were also isolated. In this 
presentation, the dearomatization reaction of arenes with carboryne and reaction pathways will be 
described. 
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Complete and rapid exchange of ligands takes place between neutral hexacoordinate silicon complexes 
and their differently substituted precursors (Eq. 1), as well as between differently substituted complexs.

1 

Evidence is presented for rapid exchange of the central element in these complexes, namely silicon is 
replaced by germanium, and vice versa (Eq. 2).  

     

    Interestingly, the exchange of central 
element is controlled primarily by the monodentate ligand priorities. 

1
 Sergani, S.; Kalikhman, I.; 

Yakubovich, S.; Kost, D. Organometallics, 2007, 26, 5799-5802. 
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Boron esters B(OR)3 combine with iodide or bromide to catalyze the ethoxylation of alcohols and phenols, 
giving good rates and narrow oligomer distributions. The combined action of weak electrophile [B(OR)3] 
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and weak nucleophile (halide) enables the ethoxylation of base-sensitive alcohols. Experiment suggests a 
new mechanism for this commercially important reaction proceeding through key ɓ-haloalkoxy 

intermediates.     
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A new PPP
+
pincer ligand featuring a central N-heterocylic phosphenium cation has been synthesized. 

The coordination chemistry of this ligand towards late transition metals such as Ni, Pt, Rh, and Ag has 
been explored. The unusual sigma and pi bonding contributions to interactions in these transition metal 
complexes will be discussed. Moreover, it will be shown that, due to the cationic and electrophilic nature 
of the phosphenium unit, the ppp

+
 ligand is susceptible to nucleophilic attack by metal-bound halides. 

Nonetheless, bona fide transition metal phosphenium complexes have been synthesized and the bonding 
and reactivity of these complexes will be discussed in detail. 
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Metal organophosphonates have been extensively studied in the literature and have potential and 
practical applications as ion exchangers, sorbents, sensors, proton conductors, nonlinear optical 
materials, catalysts and hosts for the intercalation of a broad spectrum of guests. In stark contrast the 
heavier chalcogen (sulfur, selenium, tellurium) containing homologs of these oxygen containing 
organophosphonates have attracted far less attention, predominately due to a lack of a reliable synthetic 
route to these systems. However, we have recently reported upon new clean and high yielding route to 
trichalcogeno-phosphonates and related phosphorus-chalcogen systems, involving the insertion reaction 
of elemental chalcogens into metal phosphide bonds. In this paper, further improvements to this route will 
be reported along with the structures and coordination chemistry of a number of new phosphorus-
chalcogen ligand systems. 
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The search for receptors that can selectively capture small and potentially toxic anions in protic media 
has sparked a renewed interest in the synthesis and anion binding properties of polydentate Lewis acids. 
Seeking new paradigms to enhance the anion affinities of such systems, we have now synthesized a 
bidentate Lewis acid containing a boryl and a telluronium moiety as Lewis acidic sites. Anion 
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complexation studies indicate that this telluronium borane displays a high affinity for fluoride in methanol. 
Structural and computational studies show that the unusual fluoride affinity of this bidentate telluronium 
borane can be correlated to the formation of a B-FŸTe chelate motif supported by a strong lp(F)Ÿů*(Te-
C) donor-acceptor interaction. These results, which illustrate the viability of heavier chalcogenium centres 
as anion binding sites, allow us to introduce a novel strategy for the design of polydentate Lewis acids 
with enhanced anion affinities. 
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The tetraphenylstibonium cation has been used for the extraction of fluoride ions from water into CCl4. 
Such a property suggests that stibonium species could be used as water compatible fluoride ion 
receptors. To explore this idea, we have synthesized the triflate salt of anthryltriphenylstibonium 
(AntPh3Sb

+
) and studied its anion binding properties in aqueous solution. In water/dmso mixtures (9/1 

vol., pH 4.8) containing the surfactant CTABr, we found that AntPh3Sb
+
 readily complexes fluoride to 

afford AntPh3SbF whose stability constant is equal to 12000 M
-1

. In turn, AntPh3Sb
+
 is sufficiently 

fluorophilic to bind fluoride ions at ppm concentrations. Moreover, fluoride binding is accompanied by a 
turn-on fluorescence response which can be easily detected with the naked eye. 
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We have recently reported the synthesis of 1
+
, a compound characterized by a short HgŸSb interaction 

of 3 Å. To further investigate the properties of 1
+
, we have now studied the coordination chemistry of this 

cation toward halide anions and found that the mercury center acts as a hard Lewis acid. Since 
diphenylmercury is not a Lewis acid and fails to bind halide anions in solution, these observations are in 
agreement with an increased oxidation state of the mercury center in 1

+
.   
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The nature of the water pool and specifically the pH near lipid interfaces is of fundamental interest for 
both chemists and life scientists. Small nano-sized water pools that form in AOT reverse micelles serve to 
mimic the unique environment near lipid interfaces for a variety of processes in chemistry and biology. 
The AOT (sodium bis(2-ethylhexyl)sulfosuccinate) reverse micellar solutions in isooctane with pH 
sensitive probe decavanadate ([V10O28]6-), residing exclusively in the aqueous phase, (Baruah, B. et al. 
J. Am. Chem. Soc. 2006, 128, 12758-12765) were characterized in Winsor II systems forming two 
equilibrating phases. After microemulsion phase with nano-sized water droplets separation from aqueous 
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bulk phase, the pH of the aqueous phase was measured directly. The 51V NMR of the pH probe 
decavanadate was used to determine the pH in both external water pool and internal water pools 
confined in AOT/isooctane microemulsion. The 51V NMR chemical shifts of decavanadate show that local 
environments of the probe in both water pools are the same, indicating that pH's in both environments are 
equal. Our study provides a method to measure the pH in nano-sized water pools trapped in surfactant 
with organic solvent by measuring the pH in the external water pool. We show that the pH is the same in 
the external aqueous phase and in nano-droplets with radius of about 6 nm and above. 

INOR 445 

Effects of precursor chemistry on film growth: A case study of vanadium (V) oxide thin films 

Tyler L. Moersch
(1)

, tm024747@pomona.edu, 645 N College Ave, Claremont CA 91711, United States ; 
Charles Taylor

(1)
. (1) Department of Chemistry, Pomona College, Claremont CA 91711, United States  

The effect of precursor chemistry on the morphologies and growth rates of chemical vapor deposited 
(CVD) films has been investigated. A comparison has been performed between vanadium (V) alkoxide 
compounds (e.g. vanadium (V) oxytripropoxide) and anhydrous vanadium (V) oxynitrate. Films were 
characterized by scanning electron microscopy, X-ray diffraction, ellipsometry and Raman spectroscopy 
to measure growth rates and determine crystallographic phase and orientation. The decomposition routes 
of the different precursor compounds lead to film growth in preferred crystallographic orientations specific 
to each compound. The deposition behavior of these precursor systems at various temperatures showed 
that CVD-grown films from each precursor, annealed in air, arrived to the same shcherbinaite phase of 
V2O5 with different preferred orientations. 

INOR 446 

Investigation into Graetzel cell performance improvements 

Du Nguyen
(1)

, kim.nguyen2@sjcc.edu, 2100 Moorpark Ave., San Jose CA 95128, United States ; Len 
To

(1)
, kim.nguyen2@sjcc.edu, 2100 Moorpark Ave., San Jose CA 95128, United States ; Kim Nguyen

(1)
, 

kim.nguyen2@sjcc.edu, 2100 Moorpark Ave., San Jose CA 95128, United States . (1) Department of 
Chemistry, San Jose City College, San Jose CA 95128, United States  

The dye-sensitized solar cell also known as the Grätzel cell is technically attractive despite its relative low 
conversion efficiency of about 10%, because it is made of low-cost materials and does not require 
elaborate equipment to manufacture. Its favorable price/performance ratio appears high enough to 
achieve grid parity and make it competitive. However, its widespread commercial application is held up by 
chemical instability problems.   The objective of this work is to improve the performance of this solar cell 
by investigating different wide bandgap semiconductor oxide materials as alternatives to the currently 
used titanium dioxide. We will be presenting promising results that show a path to improved performance. 

INOR 447 

Metal-containing ionogels: A research experience for first and second year college students 

Hilary J. Eppley
(1)

, heppley@depauw.edu, 602 S, College Ave., Greencastle IN 46135, United States . 
(1) Chemistry and Biochemistry, DePauw University, Greencastle IN 46135, United States  

At DePauw University, the Science Research Fellows honors program gives first and second year 
students the opportunity to do research in small groups during the fall of their first or second year of 
college. During the fall of 2010, I worked with a group of five first and second year students to optimize 
and characterize some unusual metal-containing ionogels that had been synthesized unexpectedly in my 
laboratory. Students perfected the synthesis of these gels and began a variety of physical and chemical 
characterization studies of them, including looking into their utility as catalysts. Both the results of these 
studies as well as tips for working with research students very early in their college careers will be 
discussed. 

INOR 448 

Ligand molecular structure controls the shape of zinc oxide crystals: Enhancing shape control 
with a rigid bite and a little help from hydrogen bonding 

Simon P Garcia
(1)

, garcias@kenyon.edu, 108 Tomsich Hall, Gambier Ohio 43022, United States ; Abigail 
R Van Wassen

(1)
; Kathryn L Meagley

(1)
; Elizabeth J Bailey

(1)
. (1) Department of Chemistry, Kenyon 

College, Gambier Ohio 43022, United States  
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The ability of organic ligands to control the shape of zinc oxide crystals was quantified and interpreted in 
terms of ligand molecular structure. Hexagonally prismatic crystals were grown in the presence of several 
carboxylate ligands at various concentrations. Crystal aspect ratios (length/width) were quantified using 
optical microscopy. The time evolution of crystal dimensions is consistent with specific inhibition of axial 
growth. The concentration dependence of aspect ratio allows each ligand's shape-control activity to be 
characterized by an inhibitory concentration (IC50). For effective shape-control ligands, IC50 values 
range from 2 µM (citrate) to 100 µM (phenylmalonate). Ligands exhibit shape-control activity only if they 
are multidentate; however, several other structural features mediate activity. Both conformational rigidity 
and the presence of hydrogen-bonding functional groups enhance shape-control activity. Dicarboxylate 
ligands with three-carbon and five-carbon bridges have smaller activity than similar ligands with four-
carbon bridges. 

INOR 449 

Distorted cubic, almost flat tetramers and trimers from the stabilization of molybdenum and 
vanadium oxides with dialkyl phosphonates 

Rudy L Luck
(1)

, rluck@mtu.edu, 1400 Townsend Drive, Houghton MI 49931, United States ; John S 
Maass

(1)
; Matthias Zeller

(2)
. (1) Chemistry, Michigan Technological University, Houghton MI 49931, United 

States (2) Chemistry, Youngstown State University, Youngstown OH 44555-3663, United States  

Various phosphonate ligands specifically (HOCH2)2POOH, o-C6H4(CH2)2POOH, (C6H5CH2)2POOH and 
the intriguing Fe(C5H4CH2)2POOH have been used to stabilize molybdenum and vanadium oxides 
affording the following complexes:  1. Distorted cubic Mo4(µ

3
-O)4(µ

2
-O2P(R)2)4O4: R = HOCH2, C6H5CH2; 

R2 = o-C6H4(CH2)2 and Fe(C5H4CH2)2  2. Open almost flat mixed-valent cluster, Mo4(µ
3
-O)2(µ

2
-

O2P(CH2C6H5)2)6O6  3. Trimers (H2O)V3O3(µ
2
-O2P(CH2C6H5)2)6 and (py)V3O3(µ

2
-O2P(CH2C6H5)2)6  4. 

Cubic V4(µ
3
-O)4(µ

2
-O2P(R)2)4O4  These ligands and complexes have been characterized by a variety of 

spectroscopic measurements including 
95

Mo nmr. Most have been characterized crystallographically with 
some of these depicting various packing disorders. A Mercury representation of the ñferroceneò cubic 

tetramer ('Fe4Mo4') is depicted below.     

INOR 450 

Synthesis and characterization of novel chalcogenide materials 

Joseph MacNeil
(1)

, macneil@chatham.edu, Woodland Rd, Pittsburgh PA 15232, United States ; Jennifer 
Aitken

(2)
; Emma Karey

(1)
; Heather Hunter

(1)
; Danielle Massi

(2)
; Kim Daley

(2)
; Taylor Gentile

(2)
. (1) 

Department of Chemistry and Biochemistry, Chatham University, Pittsburgh PA 15232, United States (2) 
Department of Chemistry and Biochemistry, Duquesne University, Pittsburgh PA 15282, United States  

Engaging undergraduates in productive research during the academic year requires projects that have 
clear, short-term objectives and are compatible with their fragmented daily schedules. In our labs, we 
have found that the synthesis and physicochemical characterization of novel chalcogenide materials 
enables students to participate as active members of our research group while learning a broad range of 
new skills and techniques.  With the ability to complete a specific project within two semesters, students 
feel more ownership of their contributions and accomplishments. The synthetic techniques include inert 
atmosphere, high temperature solid state work as well as solvothermal approaches. Full characterization 
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includes powder and single-crystal X-ray crystallography, bandgap determination, DTA, and SEM with 
EDS. We will highlight recent student work in the preparation of quaternary diamond-like semiconductors, 
ternary lithium-ion conductors and new materials involving the tren (tris(2-aminoethyl)amine) ligand with 
tin, sulfur and first row transition metals. 

INOR 451 

Synthesis and characterization of a novel recyclable palladium N-heterocyclic carbene catalyst 

Kraig R. Kmiotek
(1)

, kkmiotek@purduecal.edu, 2200 169th Street, Hammond Indiana 46323, United 
States ; Libbie S. W. Pelter

(1)
. (1) Department of Chemistry and Physics, Purdue University Calumet, 

Hammond Indiana 46323, United States  

We have been evaluating methods to increase the efficiency and selectivity of palladium N-heterocyclic 
carbene (NHC-Pd) catalysts in palladium catalyzed carbon-carbon bond forming reactions. One objective 
in these investigations has been to increase the recoverability and recyclability of the catalyst. The 
synthesis of a fluorous tailed 2,6-dimethylaniline derivative will be presented, in which a Heck coupling 
reaction is utilized as a key step. This fluorous compound is then utilized to synthesize the respective 
NHC-Pd catalyst. The effectiveness of this newly synthesized catalyst in the Sonogashira cross-coupling 
reaction, using both microwave and traditional heating methods, will be presented. The selectivity, 
efficiency, and recyclability of the fluorous tagged NHC-Pd catalyst will also be compared to non-fluorous 
counterparts, such as 1,3-bis(2,4,6-trimethylphenyl)imidazolinium chloride (IMes-HCl). 

INOR 452 

Multielectron excited state and hydrogen production 

Daniel G Nocera
(1)

, nocera@mit.edu, 77 Massachusetts Avenue, Cambridge MA 02139, United States . 
(1) Department of Chemistry, Massachusetts Institute of Technology, Cambridge MA 02139, United 
States  

All reactions of energy consequence require the transfer of two or more electrons. This is true for the 
photochemical production of hydrogen. We have designed ligands that enforce a two-electron excited 
state electronic structure on bimetallic centers. From this platform, both a rational two-electron hydrogen 
photochemistry may be developed. This talk will present results along this vein, and then show how 
authentic solar energy storage may be achieved by closing the photocycle. 

INOR 453 

Making hydrogen photocatalytically from water 

Felix N Castellano
(1)

, castell@bgsu.edu, Overman Hall, Bowling Green Ohio 43403, United States . (1) 
Department of Chemistry & Center for Photochemical Sciences, Bowling Green State University, Bowling 
Green Ohio 43403, United States  

Hydrogen gas, an environmentally friendly and renewable combustible fuel source, can be readily 
extracted from water through properly designed photocatalytic cycles. In our laboratory we utilize both 
homogeneous and heterogeneous catalytic approaches to achieve this desired goal. Homogeneous 
strategies have led to significant enhancements in hydrogen catalytic turnovers with visible-light activation 
using 2

nd
 and 3

rd
 row transition metal photosensitizers in conjunction with hydrogen-evolving cobaloxime 

macrocycles serving the role of water reduction catalysts. In parallel, we have demonstrated the concept 
of using surface-bound molecular Pt

II
 complexes as photochemical precursors that produce segregated 

ultra-small Pt
0
 nanomaterials when irradiated with bandgap light in the presence of a hole scavenger. 

These heterogeneous nanocomposites display enhanced hydrogen-evolving power with respect to more 
conventional metal-doped titania preparations. We believe that rational, discovery-driven research efforts 
are crucial for the ultimate adaptation of renewable fuels in the future energy portfolio. 

INOR 454 

Photoelectrochemical reduction of carbon dioxide 

Clifford Kubiak
(1)

, ckubiak@ucsd.edu, 9500 Gilman Drive, La Jolla CA 92093, United States ; 
Bhupendra Kumar

(1)
; Jonathan Smieja

(1)
. (1) Chemistry & Biochemistry, University of California, San 

Diego, La Jolla CA 92093, United States  

Our work in the reduction of carbon dioxide has led to the discovery of a molecular electrocatalyst, 
Re(bipy-tBu2)(CO)3Cl, that efficiently catalyzes the two electron reduction of carbon dioxide to carbon 
monoxide with high turnover number and high turnover frequency on a glassy carbon working electrode. 
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Aiming to drive the CO2 reduction process using solar energy; a p-type hydrogen terminated 
silicon/catalyst junction is used. Photovoltages exceeding 600 mV are achieved, with a solar to chemical 
energy conversion efficiency of 10%, and a Faradaic efficiency for reduction of CO2 to CO of ~100%. 
Surface modification of p-type Si with conjugated molecules (e.g. styrene) leads to a significantly higher 
rate of catalysis when compared to a glassy carbon electrode. Recent results from this project will be 
presented. 

INOR 455 

Dihydrogen evolution from a photogenerated hydridocobaloxime 

Harry B Gray
(1)

, hbgray@caltech.edu, 1200 E California Blvd, Pasadena California, United States ; Jay R 
Winkler

(1)
; Jillian L Dempsey

(1)
. (1) Department of Chemistry, California Institute of Technology, Pasadena 

California 91125, United States  

Dihydrogen evolution catalysts are key elements in solar-driven water splitting devices. We are studying 
the mechanisms of cobaloxime catalysts by laser photochemical methods. We have found that the triplet 
excited state of brominated napthol transfers a proton very rapidly to difluoro-bridged Co(I)-digloxime, 
producing a Co(III) hydride. The Co(III) hydride is then reduced by excess Co(I) in solution, yielding 
dihydrogen and Co(II)-digloxime. The barrier to Co(III) hydride reduction is estimated to be 5-7 kcal/mol. 

INOR 456 

Award Address (Nobel Laureate Signature Award for Graduate Education in Chemistry sponsored 
by Mallinckrodt Baker, Inc.) Molecular approach to the light driven generation of hydrogen from 
water 

Pingwu Du
(1)

, dupingwu@mit.edu, ,, Cambridge MA 02139, United States ; Richard Eisenberg
(2)

, 
eisenberg@chem.rochester.edu, Hutchison Hall B23, Rochester NY 14627, United States . (1) 
Department of Chemistry, MIT, Cambridge MA 02139, United States (2) University of Rochester, United 
States  

The conversion of light to stored chemical energy in a molecularly-based system for artificial 
photosynthesis relies on light absorption, photoinduced charge separation, the accumulation of redox 
equivalents, and catalysis. Studies are described that focus on the reductive side of water splitting and 
the visible light-driven generation of hydrogen from aqueous protons and a sacrificial electron source. For 
the photogeneration of hydrogen, systems able to carry out this process contain a chromophore, an 
electron relay and a catalyst. The initial chromophores examined in these efforts were mainly Pt(II) bi- and 
terpyridyl acetylide complexes with a triplet metal-to-ligand charge transfer (

3
MLCT) excited state that 

undergoes electron transfer quenching. As catalyst, Co glyoximate complexes function well, but with 
limited lifetimes. Mechanistic studies support catalyst reduction to Co(I) and protonation to Co(III)-H as 
the entry point for H2 formation, and a monometallic mechanism for H2 generation. To increase 
chromophore absorptivity, organic dyes have recently been investigated for light-driven electron transfer 
leading to H2 formation. Recent results on highly active systems containing Co glyoximate catalysts and 
organic dyes, and specific challenges they pose, will be discussed. 

INOR 457 

Crystal growth from high temperature solutions: New iron, cobalt and uranium containing oxides 
and new mixed metal hydroxides 

Hans-Conrad zur Loye
(1)

, zurloye@mail.chem.sc.edu, 631 Sumter Street, Columbia SC 29208, United 
States . (1) Department of Chemistry and Biochemistry, University of South Carolina, Columbia SC 
29208, United States  

The use of high temperature solutions has proven to be an effective method of exploring the synthesis of 
new compositions and of systematically varying the elemental content of product phases. We have begun 
to investigate the crystal growth of complex iron, cobalt and uranium containing oxides, where the crystal 
growth, structures and physical properties of several new complex oxides, including Ba4KFe4O9, 
Sr6Co5O15, Sr5Co4O12, BaK4U3O12, Ba2NiUO6, Ba2CuUO6 and Na3Ca1.5UO6, will be discussed. In addition, 
the synthesis of mixed metal hydroxide crystals of the type A2B(OH)6 and A3B2(OH)12, where A = Sr, Ba 
and B = transition metal, as potential precursors for the low temperature synthesis of complex oxides will 
be presented. The structure of Ba4KFe4O9 contains isolated {Fe6O18} groups consisting of rings of 6 
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corner-sharing FeO4 tetrahedra.     Sr6Co5O15 and Sr5Co4O12 

crystallize in the 2H-perovskite related structure type. The uranates BaK4U3O12, Ba2NiUO6, Ba2CuUO6 

crystallize in perovskite type structures while Na3Ca1.5UO6 crystallizes in a rock salt superstructure. 

INOR 458 

Lyonsite: A "new" family of oxides 

Kenneth Poeppelmeier
(1)

, krp@northwestern.edu, 2145 Sheridan Road, Evanston Illinois 60208, United 
States ; Jared Smit

(1)
; Adam Raw

(1)
. (1) Department of Chemistry, Northwestern University, Evanston 

Illinois 60208, United States  

Solid state chemistry relies heavily on exploratory synthesis, and it is well recognized that the complexity 
of the possibilities often defies predictability when it comes to discovering new mixed metal oxides. This 
talk will highlight considerable progress made towards identifying the solid state structural chemistry 
behind the extraordinary number of possible compositional variations of ñLyonsiteò. The mineral Lyonsite, 
Ŭ-Cu3Fe4(VO4)6, is just one member of a large class of materials.

1
 The adaptive nature of the relatively 

unknown ñLyonsiteò family of mixed metal oxides rivals that of other better known structures such as 
ñPerovskiteò and ñSpinelò.

2
  References:  1. J. M. Hughes, S. J. Starkey, M. L. Malinconico, L. L. 

Malinconico, Am. Mineral. 72, 1000-1005 (1987).  2. ñThe Adaptable Lyonsite Structureò, J. P. Smit, P. C. 
Stair, and K. R. Poeppelmeier, Chemistry - A Eur. J. 12, 5944-5953 (2006). 

INOR 459 

Functional transition metal oxides with trigonal bipyramidal frameworks 

Mas Subramanian
(1)

, mas.subramanian@oregonstate.edu, Gilbert Hall, Corvallis OR 97331, United 
States . (1) Department of Chemistry, Oregon State University, Corvallis OR 97331, United States  

AMO3ïtype transition metal oxides predominantly crystallize in perovskite-related structures (M is a 
transition metal cation in octahedral coordination) exhibiting wide range of interesting and useful 
functional properties are well known. Recently another family of AMO3 ternary oxides crystallizing in a 
non-perovskite related hexagonal structure, where M transition metal cation in a trigonal bipyramidal 
coordination, is receiving increased attention due to the discovery of exciting multiferroic and optical 
properties (intense color pigments). This talk will highlight recent advances in the understating of 
structure/property relationships in hexagonal AMO3 oxides (A= rare earth; M =Al, Mn, Fe, In, Cu, Ti) and 
will be compared with corresponding perovskite analogues. 

INOR 460 

Topotactic reduction of transition metal oxychlorides: A contrast to oxide chemistry 

Michael Hayward
(1)

, michael.hayward@chem.ox.ac.uk, Inorganic Chemistry Laboratory, South Parks 
Road, Oxford Oxfordshire OX1 3QR, United Kingdom ; Edward Dixon

(1)
; Fabio Denis Romero

(1)
. (1) 

Department of Chemistry, University of Oxford, Oxford, United Kingdom  

The low temperature topotactic reduction of complex oxide phases allows the preparation of novel 
materials containing transition metal centres in unusual oxidation states and coordination geometries. 
Phases prepared in this manner tend to adopt structures with well ordered arrays of anion vacancies and 
the reduction reactions used to prepare them often display striking structural selectivity.  Recently we 
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have investigated the reduction chemistry of a series of complex transition metal oxychlorides. Reactions 
with binary metal hydrides (NaH, LiH, CaH2) show strong chemical selectivity for the deintercalation of 
oxide ions from oxychloride host phases. However the structural selectivity exhibited in the reduction of 
oxychlorides is significantly different from that of the analogous oxide phases. The reasons for the 
selectivity differences and the physical properties of the materials produced, will be discussed.   

  

INOR 461 

WITHDRAWN 

INOR 462 

Adventures in frustrated flatland: 2D geometrically frustrated magnets 

Christopher Wiebe
(1)

, chris.r.wiebe@gmail.com, 515 Portage Ave, Winnipeg MB, Canada . (1) 
Department of Chemistry, University of Winnipeg/University of Manitoba, Winnipeg MB R3B2E9, Canada  

Bob Cava is well known for his many contributions in the field of frustrated magnetism. These materials 
are not only important as models for quantum magnetism - they also represent many technologically 
important compounds. In this talk, recent work in the synthesis and characterization of various two 
dimensional frustrated magnets will be discussed, including new results on spin liquid candidates in 
hexagonal and langasite oxides. Comparisons will be made with Bob's early work, and the search for the 
elusive resonating valence bond state that is closer to being realized in many current studies.  

  

INOR 463 

Chemical disorder and magnetism in ñZnCu3(OH)6Cl2ò-like materials 

Tyrel M McQueen
(1)(2)

, mcqueen@jhu.edu, 3400 N Charles St, Baltimore MD 21218, United States ; 
Danna E Freedman

(2)
; Daniel G Nocera

(2)
. (1) Department of Chemistry and Department of Physics and 

Astronomy, Johns Hopkins University, Baltimore MD 21218, United States (2) Department of Chemistry, 
Massachusetts Institute of Technology, Baltimore MD 21218, United States  

ñZnCu3(OH)6Cl2ò contains two-dimensional kagomé layers of Cu
2+

 (S=1/2) ions and is a candidate for the 
long-sought-after spin-liquid ground state. No long range magnetic order is found above T = 50mK 
despite strong antiferromagnetic interactions, ɗCW ~ -300K. However, Zn-Cu mixing has been previously 
reported, complicating attempts to separate truly exotic electronic behavior from effects arising from 
chemical disorder within and between kagomé layers. Using a combination of neutron powder diffraction, 
extended x-ray absorption fine structure, and anomalous x-ray scattering, we unambiguously 
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demonstrate that there is no Zn occupation of the kagomé Cu sites. However, there is Cu present on the 
Zn intersite, leading to a formula of (Zn0.85Cu0.15)Cu3(OH)6Cl2 for the ideal ñZnCu3(OH)6Cl2ò compound. 
This implies that disorder cannot explain the lack of magnetism in ñZnCu3(OH)6Cl2ò and is consistent with 
results for the isomorphic compound (Mg0.75Cu0.25)Cu3(OH)6Cl2, in which conventional crystallographic 
techniques establish the actual composition and level of site disorder. 

INOR 464 

Electron transfer between the molybdenum and heme centers of sulfite oxidase: The role of 
aromatic amino acids 

John H. Enemark
(1)

, jenemark@u.arizona.edu, 1306 E. University Blvd, Tucson AZ 85721, United States 
; Asha Rajapakshe

(1)
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(1)
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; Andrei V. Astashkin
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Department of Chemistry and Biochemistry, The University of Arizona, Tucson AZ 85721, United States  

Sulfite oxidase (SO) is a molybdohemeenzyme that is vital for normal metabolism of sulfur-containing 
compounds. Intramolecular electron transfer (IET) between the Mo and heme domains of SO is of 
physiological, chemical and theoretical interest. Mutating aromatic residues in close proximity to the 
molybdopterin cofactor of human SO affects the IET rate between the Mo and Fe centers and catalytic 
turnover. Flash photolysis studies show that non-aromatic mutants exhibit IET rate constants that are a 
hundred times smaller than wild type SO, indicating the importance of aromatic character for rapid IET. 
Redox potential measurements using spectroelectrochemistry reveal that the mutation of aromatic 
residues close to the Mo center can also affect the potential of the heme center. These results suggest 
that in solution SO may adopt several productive conformations for IET that allow the heme to lie closer to 
the Mo center than observed in the crystal structure. 

INOR 465 

In-Plane vibrational anisotropy in iron porphyrinates 

W. Robert Scheidt
(1)

, scheidt.1@nd.edu, 251 NSH, Notre Dame IN 46556, United States ; Jeffrey W. 
Pavlik

(1)
; Ming Li

(1)
; JianFeng Li

(1)
; Qian Peng

(1)
; J. Timothy Sage

(2)
; E. Ercan Alp

(3)
; Jiyong Zhao

(3)
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Oliver
(1)

. (1) Department of Chemistry and Biochemistry, University of Notre Dame, Notre Dame IN 
46530, United States (2) Department of Physics, Northeastern University, Boston MA 02115, United 
States (3) Advanced Photon Source, Argonne National Laboratory, Argonne IL 60439, United States  

We have been exploring the use of Nuclear Resonance Vibrational Spectroscopy (NRVS) to define the 
vibrational characteristics of various iron porphyrinate derivatives. We have recently reported (Angew. 
Chem., Int Ed. 2010, 49, 4400ï4404) that we could detect anisotropy in the in-plane vibrational spectrum 
of [Fe(OEP)(NO)] (OEP = octaethylporphyrinate) and that the in-plane iron motion is controlled by the 
orientation of the bent Fe-NO group and not the in-plane Fe-N bonds. We now report further studies on 
the anisotropy in the vibrational spectrum of other five- and six-coordinate heme derivatives. 

INOR 466 

NMR investigations of the effect of distal pocket and belt mutations on the shape of the heme 
binding pocket of the nitrophorins 

F. Ann Walker
(1)

, awalker@email.arizona.edu, PO Box 210041, Tucson Arizona 85721-0041, United 
States ; Tatiana K Shokhireva

(1)
; Robert E Berry

(1)
; Hongjun Zhang

(1)
. (1) Chemistry and Biochemistry, 

The University of Arizona, Tucson Arizona 85721-0041, United States  

The nitrophorins (NP) of the adult blood-sucking insect Rhodnius prolixus fall into two pairs based on 
sequence identity (NP1,4 (90%) and NP2,3 (79%)), which differ significantly in the size of side chains of 
residues which contact the heme. These residues include those in the distal pocket of NP2 (I120) and 
NP1 (T121) and the ñbeltò that surrounds the heme of NP2 (S40, F42), and NP1 (A42, L44). To determine 
the importance of these residues and others conserved or very similar for the two pairs (F27(Y28), 
Y38(40), E53(55), F66(68), Y85(F86), Y104(105), L122(123), L132(133)), appropriate mutants of NP2 
and NP1 have been prepared and studied by 

1
H NMR spectroscopy. Wild-type NP2 has heme orientation 

ratio (A:B) of 1:8 and a heme seating that yields ŭ(5M) = ŭ(8M), while NP1 has (A:B) ~1:1 and ŭ(5M) ü 
ŭ(8M). It is found that the two residues responsible for heme orientation and seating are I120(T121) and 
F42(L44). 

INOR 467 

In praise of synthetic metal-sulfur chemistry as inspired by Alan L. Balch 
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Michelle Millar
(1)

, michelle.millar@sunysb.edu, ,, Stony Brook New York 11794-3400, United States . (1) 
Department of Chemistry, SUNY @ Stony Brook, Stony Brook New York 11794-3400, United States  

A survey of the various aspects of metal-sulfur chemistry as investigated and discovered in the author's 
laboratory. Special emphasis will be given to the use of ligand chemistry to create synthetic analogs of 
metal centers in proteins. The talk will focus on strategic methods to develop compounds that are 
prepared for reactivity, spectroscopic and structural studies.    

  

INOR 468 

Sensitized lanthanide ion luminescence in the visible and near infrared 

Ana de Bettencourt-Dias
(1)

, abd@unr.edu, 1664 North Virginia Street, Reno NV 89557, United States . 
(1) Department of Chemistry, University of Nevada, Reno, Reno NV 89557, United States  

Lanthanide ions are capable of light emission due to f-f transitions. Due to the forbidden nature of these 
transitions, the emission is most easily obtained in a sensitization process through a coordinated antenna. 
The sensitization occurs through energy transfer from this coordinated ligand and its efficiency depends 
on parameters such as absorption properties of the ligand and the energy gap between the excited states 
of the ligand and the emissive estates of the lanthanide ions. Our group has been interested in studying 
different antennas.

1-3
 We will discuss here the photophysical and structural properties of the emissive 

lanthanide ion complexes isolated.  1. Viswanathan, S.; de Bettencourt-Dias, A., Inorg. Chem. 2006, 45, 
10138-10146.  2. de Bettencourt-Dias, A.; Viswanathan, S.; Rollett, A., J. Am. Chem. Soc. 2007, 129, 
15436-15437.  3. de Bettencourt-Dias, A.; Barber, P. S.; Viswanathan, S.; de Lill, D. T.; Rollett, A.; Ling, 
G.; Altun, S., Inorg. Chem. 2010, 49, 8848-8861. 

INOR 469 

Applications of tri-tungsten cluster materials in biomedical research 

Ella F Jones
(1)

, ella.jones@ucsf.edu, 185 Berry Street, Suite 350, Box 0946, San Francisco CA 94107, 
United States ; David M Pham

(1)
. (1) Department of Radiology and Biomedical Imaging, University of 

California, San Francisco, San Francisco CA 94107, United States  

While metal chelates are widely accepted to provide tissue contrast in diagnostic imaging, the utility of 
metal clusters in biomedical research is relatively under explored. The tri-nuclear tungsten cluster, W3(µ3-
O)2(carboxylate)6(L)3]

m±
, has been known since Cotton's pioneering work in 1978. This compound 

comprises a triangular W3 plane capped above and below by two oxygen atoms, with each W-W metal 
bond supported by two bridging carboxylate groups and a terminal ligand L. Our interest in this compound 
class is to exploit tungsten as a heavy element for X-ray attenuation in diagnostic imaging. In this 
presentation, we will present our work on using a facile ligand exchange mechanism to engineer this 
inorganic metal cluster into a biocompatible imaging agent. We will also present our recent efforts of 
incorporating multiple copies of the W3 core in a nano-platform for in vivo targeting of tumor 
microenvironment. 

INOR 470 
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Metallocorrole with mutually orthogonal pyrrole rings 

Abhik Ghosh
(1)

, abhik.ghosh@uit.no, Breivika, Tromsø Troms 9037, Norway ; Abraham Alemayehu
(1)

; 
Kolle E. Thomas

(1)
. (1) Department of Chemistry, University of Tromsø, Tromsø Troms 9037, Norway  

We have recently reported that copper corroles are inherently saddled, i.e. the pyrrole rings are 
alternately tilted up and down relative to the mean macrocycle plane.

1
 With sterically hindering 

substituents, the saddling can be greatly amplified.
2
 Here we report an X-ray crystal structure of copper ɓ-

octakis(trifluoromethyl)-meso-tris(p-fluorophenyl)corrole, which reveals essentially orthogonal pyrrole 
rings. By contrast, sterically hindered, undecasubstituted corroles yield essentially planar complexes with 

other metals such as Co, Rh and Ir.        
(1) Alemayehu, A.; Gonzalez, E.; Hansen, L. K. Ghosh, A. Inorg. Chem. 2009, 48, 7794-7799. (2) 
Alemayehu, A.; Hansen, L. K. Ghosh, A. Inorg. Chem. 2010, 49, 7608-7610. 

INOR 471 

New synthetic applications of vinylogous iminium salts and derivatives 

John T Gupton
(1)

, jgupton@richmond.edu, Gottwald Science Center, Richmond Virginia 23173, United 
States . (1) Chemistry, University of Richmond, Richmond Virginia 23173, United States  

For some time now we have been studying the preparation and reactions of vinylogous iminium salts and 
related derivatives. More recently we have employed such compounds as useful building blocks for the 
preparation of certain heterocyclic motifs, which are important structural elements of marine natural 
products and related bioactive molecules. Recent work in our laboratory will be presented, which involves 
the application of our synthetic methods and strategies to new bioactive targets and other novel building 
blocks. 

INOR 472 

Organic and organometallic chemistry derived from undergraduate research in the Gladysz Group 

John A. Gladysz
(1)

, gladysz@mail.chem.tamu.edu, PO Box 30012, College Station Texas 77842, United 
States . (1) Department of Chemistry, Texas A&M University, College Station Texas 77842, United States  

This talk will provide an overview and in-depth case studies of undergraduate research in the Gladysz 
group since 1974, involving four Universities and two countries. Over the last twelve years, many projects 
have involved olefin metathesis in metal coordination sphere. RCM processes may be classified as 
intraiigand or interligand, with the latter being further classifiable by the stereochemical relationship of the 

two ligands (cis, trans, etc).     

INOR 473 
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Synthesis of crown type phosphines and their use for metal coordination and catalysis 

Monte L. Helm
(1)(2)

, helm_m@fortlewis.edu, 1000 Rim Drive, Durango CO 81301, United States . (1) 
Chemistry Department, Fort Lewis College, Durango CO 81301, United States (2) Center for Molecular 
Electrocatalysis, Pacific Northwest National Laboratory, Durango CO 81301, United States  

The synthesis of 6, 7 and 9-membered bidentate and tridentate cyclic phosphine ligands will be 
discussed. Particularly, the first transition-metal free synthesis of the 1,4,7-triphenyl-1,4,7-
triphosphacyclononane ([9]-aneP3Ph3) macrocycle will be reported.   

    Metal coordination studies that 
explore the bonding and chelating ability of these ligands will be discussed. Additionally, the 7-membered 
bis(diphosphine) complexes that incorporate amine bases have been found to serve as electrocatalysts 
for the formation of hydrogen that, in some cases, surpass those of the nickel/iron hydrogenase enzymes. 

INOR 474 

Collaborative venture in spectroelectrochemistry: New methodology to obtain UV-vis spectra of 
unstable electrode products 

George B Richter-Addo
(1)

, grichteraddo@ou.edu, 101 Stephenson Parkway, Stephenson Life Sciences 
Research Center, Norman OK 73019, United States ; Michael J Shaw

(2)
. (1) Department of Chemistry and 

Biochemistry, University of Oklahoma, Norman OK 73019, United States (2) Department of Chemistry, 
Southern Illinois University at Edwardsville, Edwardsville IL 62026, United States  

Spectroelectrochemistry is a well-utilized method that has been used to obtain spectra of redox 
intermediates. Current methodology yields very useful information on the identities of species generated 
at electrode surfaces. However, several limitations make spectroelectrochemistry not readily available to 
non-experts. We have, through a productive collaboration between OU and SIUE (a PUI), developed a 
relatively simple method for the facile determination of UV-vis spectra of unstable electrode products 
using fiber-optic chronoabsorptometry and chronoamperometry. It requires no arbitrary subtraction of the 
spectrum of the starting material, and is insensitive to path length and reagent concentration. We 
demonstrate proof-of-concept using the well-studied ferrocene-to-ferrocenium redox process, and extend 
this to other systems to show the inherent flexibility of the system. Importantly, we show the utility of the 
fiber-optic probe system as an excellent teaching tool for young children and teenagers at a community 
Science Fair. This project was funded by the NSF. 

INOR 475 

One-step melt synthesis of water soluble, blue photoluminescent, surface-oxidized silicon 
nanoparticles for cellular imaging applications 

Andrea M Goforth
(1)

, agoforth@pdx.edu, 1719 SW 10th Avenue, SB2 Room 262, Portland OR 97201, 
United States ; Beth A Manhat

(1)
; Anna L Brown

(1)
; Katye Fichter

(2)
; Tania Vu

(2)
; Erik Richman

(3)
. (1) 

Department of Chemistry, Portland State University, Portland OR 97201, United States (2) Department of 
Biomedical Engineering, Oregon Health & Science University, Portland OR 97239, United States (3) 
Materials Science Institute, University of Oregon, Eugene OR 97403, United States  

We have developed a versatile, one-step melt synthesis of water-soluble, highly emissive silicon 
nanoparticles using bifunctional, low-melting solids as reaction media. Characterization techniques 
including TEM, XPS, and EDX suggest that the method produces nanoscale Si cores surrounded by 
silicon sub-oxide shells, and analysis of nanoparticle surface charge by zeta potential measurements and 
gel electrophoresis suggest grafting of the bifunctional ñsolventò molecule onto the nanoparticle surface, 
which allows for tuning of surface charge, solubility, and functionality. Cellular uptake studies of the 
glutaric acid-terminated Si nanoparticles formed by this method have shown that these particles maintain 
their fluorescence when internalized by neuoblastoma N2a cells. 

INOR 476 
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Development of six-, five- and four-coordinate Ru(II) hydride complexes supported by N-
heterocyclic ligands for catalytic addition of H-H and C-H bonds across multiple bonds 

John P Lee
(1)

, john-lee@utc.edu, 615 McCallie Avenue, Chattanooga TN 37403, United States ; T. Brent 
Gunnoe

(2)
; Thomas R Cundari

(3)
; Zhuofeng Ke

(3)
; Magaly Ramirez

(4)
; Paul D Boyle

(4)
; Jeffrey L Petersen

(5)
. 

(1) Department of Chemistry, University of Tennessee at Chattanooga, Chattanooga TN 37403, United 
States (2) Department of Chemistry, University of Virginia, Charlottesville VA 22904, United States (3) 
Department of Chemistry, University of North Texas, Denton TX 76203, United States (4) Department of 
Chemistry, North Carolina State University, Raleigh NC 27695, United States (5) Department of 
Chemistry, West Virginia Univeristy, Morgantown WV 26506, United States  

The Ru(II) hydride complex (IMes)2Ru(Cl)(H)(CO) {IMes = 1,3-bis-(2,4,6-trimethylphenyl)imidazol-2-
ylidene} was synthesized from [Ru(CO)2Cl2]n and free IMes. The reaction of the (IMes)2Ru(Cl)(H)(CO) 
with NaBAr'4 {Ar' = 3,5-(CF3)C6H3} produces the four-coordinate Ru(II) cationic complex 
[(IMes)2Ru(H)(CO)][BAr'4], which can be trapped by 2 equivalents of tert-butylisonitrile to produce 
[(IMes)2Ru(H)(CO)(CN

t
Bu)2][BAr'4]. Experimental and computational studies suggest that 

[(IMes)2Ru(H)(CO)][BAr'4] is a diamagnetic system that adopts a sawhorse structure.  The reaction of 
either the 5-coordinate or 4-coordinate Ru(II) complexes with D2 (30 psi) at room temperature produces 
the isotopomers (IMes)2Ru(Cl)(D)(CO) and [(IMes)2Ru(D)(CO)][BAr'4], respectively. In the presence of 
excess D2, [(IMes)2Ru(H)(CO)][BAr'4] reversibly incorporates deuterium into the ortho methyl groups of 
the IMes ligands, whereas (IMes)2Ru(Cl)(H)(CO) in the presence of excess D2 does not show evidence of 
H/D exchange with the IMes ligands. Both [(IMes)2Ru(H)(CO)][BAr'4] and (IMes)2Ru(Cl)(H)(CO) were 
found to catalyze the hydrogenation of olefins, ketones and aldehydes. The experimental and 
computational studies on the structure of [(IMes)2Ru(H)(CO)][BAr'4] will be discussed. 

INOR 477 

Cyclometallated Platinum (II) complexes: Electronic, steric, and anion control of solid-state 
luminescence 

Daron E Janzen
(1)

, dejanzen@stkate.edu, 2004 Randolph Avenue, St. Paul MN 55101, United States . 
(1) Department of Chemistry and Biochemistry, St. Catherine University, St. Paul MN 55105, United 
States  

Air-stable luminescent organometallic salts have been studied as potential solid-state materials for 
molecular electronics applications. The focus of this work is on a series of square planar Pt(II) 
cyclometallated complex salts which possess tunable electronic and structural properties. Variables 
including steric affects of isocyanide ligand groups, electronic affects of various cyclometallated groups, 
and packing affects of anion size have been explored. Both solution and solid-state characterization 
methods were employed to understand the electronic and structural nature of the variable emission 
properties and solid-state intermolecular interactions measured for these systems. 

INOR 478 

On the mechanism of epoxide ring-opening: One metal or two? 

Geoffrey W Coates
(1)

, gc39@cornell.edu, Baker Laboratory, Ithaca NY 14853, United States . (1) 
Chemistry and Chemical Biology, Cornell University, Ithaca NY 14853, United States  

Our recent work on studying the mechanism of epoxide ring-opening will be presented. 

INOR 479 

Platinum complexes with PN and PC chelating ligands 

Karen I. Goldberg
(1)

, goldberg@chem.washington.edu, Box 351700, Seattle WA 98195-1700, United 
States ; Kyle A. Grice

(1)
. (1) Department of Chemistry, University of Washington, Seattle WA 98195-1700, 

United States  

Organometallic complexes of Pt(II) and Pt(IV) bearing bidentate phosphine ligands (PP) or chelating 
ligands with nitrogen donor atoms (NN) have been extensively studied as models for individual reaction 
steps in Shilov-type alkane oxidation reactions. Similar studies of platinum complexes bearing other types 
of bidentate chelating ligands are uncommon. In this contribution, we present the syntheses, structures, 
and reactivities of platinum complexes bearing various PN and PC ligands. The reactivities of these 
complexes will be compared to the chemistry observed with PP- and NN-ligated analogs. 

INOR 480 
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CH hydroxylation with retention of configuration by Cp*Ir-based catalysts 

Robert Crabtree
(1)

, robert.crabtree@yale.edu, 225 Prospect St, New Haven CT 06520, United States ; 
Meng Zhou

(1)
. (1) Dept of Chemistry, Yale Univ, New Haven CT 06520, United States  

A series of [Cp*Ir(L-L)Cl] and related catalysts convert a variety of 2ary CH bonds to C=O groups and 
3ary CH bonds to C-OH groups with retention. Ce(IV) and NaIO4 are typical primary oxidants. Iridium oxo 
species are suggested as the active intermediates.  

  

INOR 481 

High valent iron and manganese in oxidative catalysis 

John T Groves
(1)

, jtgroves@princeton.edu, Washington Road, Princeton NJ 08544, United States . (1) 
Department of Chemistry, Princeton University, Princeton NJ, United States  

High valent iron and manganese porphyrin complexes are involved in a remarkable variety of catalytic 
transformations. This lecture will describe recent advances in our understanding of the connections 
between electronic structure, reactivity and selectivity involving high valent iron and manganese. Novel 
catalysis, such as an efficient, autocatalytic process for the production of chlorine dioxide from chlorite, 
will be described. 

INOR 482 

Award Address (National Fresenius Award sponsored by Phi Lambda Upsilon, the National 
Chemistry Honor Society). Studies of high oxidation state late transition metal complexes: Design, 
synthesis, reactivity, mechanisms, and applications 

Melanie Sanford
(1)

, mssanfor@umich.edu, 930 N University Ave, Ann Arbor MI 48109, United States . 
(1) Chemistry, University of Michigan, Ann Arbor MI 48109, United States  

This presentation will discuss my group's design and synthesis of novel high oxidation state Pd, Pt, and 
Ni complexes. Supporting ligands that stabilize/destabilize these species will be discussed, and 
mechanistic studies of reductive elimination reactions from these complexes will be described in detail. In 
addition, this talk will address the reactivity/selectivity of other fundamental organometallic reactions at 
high oxidation state transition metal centers. The implications of all of this work for the design of new 
transition metal catalyzed transformations for the selective functionalization of arenes, alkanes and 
alkenes will be addressed. 

INOR 483 

Carbon-hydrogen bond activation with iridium complexes 

Dennis M Heinekey
(1)

, heinekey@chem.washington.edu, Box 351700, Seattle Washington 98195-1700, 
United States ; Joseph M Meredith

(1)
; Katherine M Schultz

(1)
; Karen I Goldberg

(1)
. (1) Department of 

Chemistry, University of Washington, Seattle Washington 98195-1700, United States  
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Several Iridium complexes which activate C-H bonds under mild conditions will be described. 

   Iridium dihalide complexes with carbene pincer ligands can be 
reduced under hydrogen, generating reactive hydride complexes. 

INOR 484 

P2N2-ligand mediated PCET for CO2 reduction and formate oxideation by late transition metals 

Clifford P Kubiak
(1)

, ckubiak@ucsd.edu, 9500 Gilman Dr., La Jolla CA 92093-0358, United States ; 
Candace Seu

(1)
; Alyssia Lilio

(1)
. (1) Chemistry & Biochemistry, MC 0358, University of California, San 

Diego, La Jolla CA 92093, United States  

P2N2-type ligands, which contain outer sphere pendant amine groups, have been investigated for their 
use in proton-coupled electrocatalytic CO2 reduction by Ni and Cu complexes. [Cu(bipy)(P2N2)]1+ catalysts 
are able to reduce CO2 to CO at a potential of -2.2 V vs SCE in acetonitrile. In contrast, [Ni(P2N2)2]

2+ 

catalysts are active for the electrocatalytic oxidation of formate to CO2 and protons and show promise for 
development as artificial formate dehydrogenases. The effects of using different P2N2 ligands and 
substituted bipyridines to improve the thermodynamics and efficiency of both catalytic reactions will be 
presented. Results of spectroscopic and electrochemical mechanistic studies will be discussed in the 
context of metal hydricity, acidity, and CO2 affinity, which we believe to be essential concepts in proton-
coupled catalysis. 

INOR 485 

Tunable carbene ligands from metal isocyanide synthons 

LeGrande M. Slaughter
(1)

, lms@chem.okstate.edu, 107 Physical Sciences I, Stillwater OK 74078, United 
States ; Sri S. Subramanium

(1)
; Anthea J. Miranda

(1)
; Sachin Handa

(1)
. (1) Department of Chemistry, 

Oklahoma State University, Stillwater OK 74078, United States  

Despite the increasing importance of N-heterocyclic carbenes (NHCs) and related acyclic 
diaminocarbenes (ADCs) as ancillary ligands in catalysis, they have yet to attain the range of electronic, 
steric, and asymmetric properties available in the more established phosphines. A research program to 
develop rapid, versatile synthetic routes to electronically and structurally tunable ADCs via nucleophilic 
addition of amines to coordinated isocyanides has been pursued. A series of chelating bis(ADC) ligands 
was prepared via one-step reactions of palladium arylisocyanide synthons with chiral diamines. Mono- or 
dicationic palladium bis(ADC) complexes were effective catalysts for electrophilic reactions such as aza-
Claisen rearrangements and Nazarov cyclizations. Catalytic rates were optimized by tuning of electronic 
substituents on the arylisocyanide, while variation of the chiral backbone led to enantiomeric excesses up 
to 60%. Similar approaches using Group 11 chiral isocyanide complexes and chiral amines provided 
structurally and electronically diverse chiral mono(ADC) complexes that can be prepared and screened 
for catalytic activity/enantioselectivity in a quasi-high throughput fashion. 

INOR 486 

Electronic effects on C-H borylation 

Milton R Smith
(1)

, smithmil@msu.edu, Room 406 Chemistry, East Lansing MI 48824, United States ; 
Philipp C Roosen

(1)
; Jonathan A Fritz

(1)
; Sean M Preshlock

(1)
; Robert E Maleczka

(1)
; Daniel A Singleton

(2)
. 

(1) Department of Chemistry, Michigan State University, East Lansing MI 48824, United States (2) 
Department of Chemistry, Texas A&M University, College Station TX 77842, United States  
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Iridium catalyzed C-H borylation offers direct synthesis of organic boronic esters from hydrocarbons and 
boranes. The majority of the reports on this reaction exploit steric directing effects, which provide 
regioselectivities that complement those in electrophilic aromatic substitution and directed ortho 
metalation. In this presentation, we show that underlying electronic effects can provide selectivities that 
complement other electronically governed substitutions. 

INOR 487 

Platinum 1,2,3-triazolyl-based phospha-scorpionate complexes 

Joseph L Templeton
(1)

, joetemp@unc.edu, Caudill and Kenan Laboratories, Campus Box #3290, 
Chapel Hill NC 27514, United States ; Bryan E Frauhiger

(1)
; Peter S. White

(1)
. (1) Department of 

Chemistry, University of North Carolina at Chapel Hill, Chapel Hill NC 27514, United States  

A series of platinum complexes bearing 1,2,3-triazolyl-based scorpionate ligands, tris(1-phenyl-1H-1,2,3,-
triazol-4-yl)phosphine oxide (Tt

Ph
) and tris(1-cyclohexyl-1H-1,2,3,-triazol-4-yl)phosphine oxide (Tt

Cy
) have 

been synthesized. Metallation of these weakly donating ligands using [Pt(R)2(SRǋ)2]2 results in neutral 
Pt(II) complexes that adopt a ə

2
 coordination mode. These complexes are susceptible to oxidative 

addition using a variety of electrophilic alkyl and allyl reagents. Protonation of the ə
2
 precursors results in 

Pt(IV) dimethyl hydride cations. The dimethyl hydride complexes undergo reductive elimination of 
methane at 35ÁC in the presence of trapping ˊ-acid ligands to form Pt(II) species of the type 
[Tt

Ph
Pt(R)L][BF4] (L=CO, ethylene, propylene). When the [Tt

R
Pt(Ph)]

+
 fragment is trapped with an olefin, 

phenyl migration followed by C-H activation at the ortho position forms an isolable cationic metallacycle. 
The Pt(IV) ů-allyl complexes [Tt

R
Pt(Ph)2(CH2CH=CH2)][I] undergo C-C reductive coupling to form 

biphenyl at ambient temperatures. 

INOR 488 

Small molecule activation with sterically hindered Tp'Fe-complexes 

Klaus H. Theopold
(1)

, theopold@udel.edu, Brown Laboratory, Newark DE 19716, United States ; 
Fernando A Jove

(1)
; Eric Sirianni

(1)
; Glenn P. A. Yap

(1)
. (1) Department of Chemistry and Biochemistry, 

University of Delaware, Newark DE 19716, United States  

Having explored the chemistry of cobalt and chromium supported by the ancillary Tp' ligand (Tp' = 
hydrotris(3-tert-butyl-5-methyl-pyrazolyl)borato), we have recently turned our attention to iron complexes 
of the latter. Fe(II) halides and alkyls of the type Tp'FeX are easily prepared and serve as precursors for 
15-electron Fe(I) complexes of the sort Tp'Fe(L). Most interesting among the latter is the dinitrogen 
complex [(Tp'Fe)2(ɛ-N2)] (1), which coexists in solution with its mononuclear analog Tp'(Fe(N2).   1 suffers 
facile ligand substitution of N2 with a wide variety of small molecules. The structures of selected reaction 
products will be described and mechanistic implications will be discussed. Of particular interest to us is 
the reaction of 1 with O2, which yields a product of ligand C-H bond activation. Another interesting 
reaction is the formation of imido complexes Tp'FeNR upon exposure of 1 to organic azides. 

INOR 489 

Selective oxidation catalysts based on silica-supported metal centers: Influence of surface 
modifications and additives 

T. Don Tilley
(1)

, tdtilley@berkeley.edu, Tan Hall 591, Berkeley California 94720-1460, United States . (1) 
Department of Chemistry, University of California, Berkeley, Berkeley California 94720-1460, United 
States  

For heterogeneous catalysts, desirable properties are associated with well-defined active sites containing 
one or only a few metal centers on the surface of a support. This situation is similar to that observed for 
enzymes, which provide a tertiary polypeptide structure for stabilization of reactive centers, and a 
secondary coordination sphere for binding/activation of substrates. In principle, these latter roles may also 
be fulfilled by the surface of a suitably modified support material. Given increasing interest in the structure 
and catalytic chemistry of supported metal centers, we have attempted to develop reliable routes to 
stable, well-defined catalytic centers bound to an oxide support. We have utilized a process for the 
introduction of isolated metal centers, involving grafting reactions with molecular precursors (the 
thermolytic molecular precursor method). The resulting catalysts display good activities and selectivities 
for the oxidation of various hydrocarbons, using a variety of oxidants. Considerable effort has been 
devoted to the study of isolated titanium and tantalum centers for the catalytic epoxidation of olefins and 
the hydroxylation of benzene. 
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Toward semiconducting inorganic-organic hybrid materials 

Thomas P. Vaid
(1)

, tpvaid@ua.edu, Box 870336, Shelby Hall, Tuscaloosa AL 35487, United States ; 
Dayna L. Turner

(2)
; Kevin H. Stone

(3)
; Peter W. Stephens

(4)
; Aron Walsh

(5)
; Mayank Singh

(1)
; Garima 

Singh
(1)

; Gregory W. Dye
(1)

. (1) Department of Chemistry, University of Alabama, Tuscaloosa AL 35487, 
United States (2) Department of Chemistry, Washington University, St. Louis MO 63130, United States 
(3) Materials Science Division, Lawrence Berkeley National Laboratory, Berkeley CA 94720, United 
States (4) Department of Physics and Astronomy, Stony Brook University, Stony Brook NY 11794, United 
States (5) Department of Chemistry, University College London, London WC1E 6BT, United Kingdom  

There are two main classes of semiconductors, inorganic and organic, and each has certain advantages. 
Semiconducting inorganic-organic hybrid materials, consisting of metal atoms linked by polyfunctional 
organic ligands into three-dimensional networks, may combine the advantageous properties of both 
classes, including the high carrier mobilities of inorganic semiconductors and the tunable properties of 
organic semiconductors available through organic synthesis. The well-known metal-organic frameworks 
(MOFs) are hybrid materials, and semiconducting versions can be created, in some cases, by using 
ligands that bond to the metals through sulfur or selenium. An example is the semiconductor [Pb3(C6S6)]n 
(shown). The synthesis, structure, and characterization of several of these compounds will be presented.  

  

INOR 491 

Reactions of d
0
 metal complexes with O2. chemistry we have learned 

Zi-Ling Xue
(1)

, xue@ion.chem.utk.edu, 1600 Circle Dr., Knoxville TN 37996, United States . (1) 
Department of Chemistry, University of Tennessee, Knoxville TN 37996, United States  

Peter Wolczanski was among the first to study reactions of d
0
 metal complexes with O2. He and Lubben 

reported the formation of (RO)2Ti(OMe)2 (R = Bu
t
3C) from the reaction of (RO)2TiMe2 with O2.

1
 We have 

recently studied the reactions of O2 with d
0
 transition metal amide, alkyl amide imide, silyl, and carbyne 

complexes. How ligands are oxidized in the reactions, selectivity in the oxidation, and unexpected 
chemistry will be discussed.  

1
 Lubben, T. V.; Wolczanski, P. T. J. Am. Chem. Soc. 1987, 109, 424. 

INOR 492 

Redox behavior of group 5 metal complexes with 1,4-diaza-1,3-butadiene ligands and their activity 
for carbon-halogen bond activation 

Hayato Tsurugi
(1)

, tsurugi@chem.es.osaka-u.ac.jp, 1-3, Machikaneyama-cho, Toyonaka Osaka 560-
8531, Japan ; Teruhiko Saito

(1)
; Hiromasa Tanahashi

(1)
; Kazushi Mashima

(1)
. (1) Department of 

Chemistry, Graduate School of Engineering Science, Osaka University, Toyonaka Osaka 560-8531, 
Japan  

Investigation of ligand-based redox processes has attracted recent interests for highly electrophilic 
various d0 metal complexes with redox-active ligands. Some recent reports described the oxidative 
addition and reductive elimination at d0 metal center having redox-active ligands, whereas the utilization 
of the ligand-based redox processes for metal-centered chemical transformations has been limited. 
Herein, we report the preparation of tantalum complexes with redox active 1,4-diaza-1,3-butadiene (DAD) 
ligands. Complexation of the DAD ligand to the tantalum atom smoothly proceeded by the generation of 
low-valent tantalum species to afford tetrachlorotantalum complexes with monoanionic DAD ligands. The 
electronic properties of the tantalum complexes were clarified by cyclic volutammogram and EPR 
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spectroscopy, and the chemically reduced and oxidized tantalum complexes were characterized by the 
NMR measurements and X-ray diffraction studies. Application for the activation of carbon-halogen bonds 
based on the ligand-centered redox process is also presented. 

INOR 493 

Coupling reaction of 2-alkylpyridine with alkynes catalyzed by alkylhafnium complexes 

Hayato Tsurugi
(1)

, tsurugi@chem.es.osaka-u.ac.jp, 1-3, Machikaneyama-cho, Toyonaka Osaka 560-
8531, Japan ; Koji Yamamoto

(1)
; Kazushi Mashima

(1)
. (1) Department of Chemistry, Graduate School of 

Engineering Science, Osaka University, Toyonaka Osaka 560-8531, Japan  

Direct C-H bond activation to form a metal-carbon bond is one of the most important reactions for 
converting the C-H bond to C-C, C-N, C-O, and C-halogen bonds. A large number of versatile catalysts of 
late transition metals have been extensively studied; however, those of early transition metals have rarely 
applied for direct C-H functionalization reaction. We have been interested in catalytic performance of 
early transition metal alkyl complexes. In our continuous study for preparing coordinatively unsaturated 
early transition metal alkyl complexes by an insertion reaction of C=N bond of ligand precursors into the 
metal-alkyl bond, we successfully prepared a dibenzyl complex bearing N,N,C-tridentate ligand from the 
reaction of ß-diimine ligand and tetra(benzyl)hafnium. The dibenzylhafnium complexes catalyzed [2+2+1] 
cyclization reaction of 2,6-lutidine and dialkylacetylenes leading to cyclopentene derivatives. 

INOR 494 

Synthesis and characterization of low-valent technetium binary chlorides 
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Because of popularity in 
99m

Tc radiopharmaceuticals and the ongoing studies of technetium waste forms 
in the nuclear fuel cycle, the necessity for the development of fundamental technetium chemistry has 
never been greater. There were only 3 well-characterized binary halide species of technetium (TcF5, 
TcF6, and TcCl4) before the more recent additions of TcBr3 and TcBr4. This study focused on the 
synthesis and characterization of novel low-valent technetium binary chlorides TcCl2 and TcCl3. Synthesis 
of these compounds included direct reactions of technetium metal and chlorine gas, as well as reactions 
of the technetium tetracarboxylate species Tc2(O2CCH3)4Cl2 with HCl gas at elevated temperatures. 
Characterizations were performed using Single-crystal X-Ray Diffraction (SCXRD), Powder X-Ray 
Diffraction (XRD), X-Ray Absorption Spectroscopy (XAFS), and optical microscopy to determine 
compound structures and chemical properties. 
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Scandium, as the smallest rare earth elements, usually shows similar reactivity to larger lanthanides. 
Because of its small ionic size, however, instances when it displays special features are known. For 
example, although dinitrogen complexes of lanthanides have been known for decades, the first scandium 
example was reported only recently. The rarity of complexes formed between scandium and small 
molecules considered redox-inert, such as arene and dinitrogen, raises interesting questions about their 
synthesis and characterization. The synthesis and characterization of the first scandium (III)-arene 
complexes will be presented. The reactivity of these complexes toward reducible substrates will also be 
discussed. 
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Using preferential cation bonding to control the ordering of MoO3F3
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 octahedra for  
noncentrosymmetric materials 
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Polar structures are of interest due to application in materials such as ferroelectrics, pyroelectrics, 
piezoelectrics and nonlinear optics. The inherent polar nature of fac-MoO3F3

3-
 anion units make them 

promising building blocks for polar materials. Dating back to the work by Linus Pauling, controlling the 
long range order of this polar anion unit has proven to be a difficult task.  Using hard (Na

+
, K

+
, etc.) and 

soft (Ag
+
, Cu

+
, etc.) cations, structural control of the polar anion units has been observed. The compound 

Na1.5Ag1.5MoO3F3 was synthesized by solid state synthesis in sealed silver tubes under argon 
atmosphere. Oxyfluorides involving full and partial substitution of sodium and/or silver in the 
Na1.5Ag1.5MoO3F3 compound have been studied via powder X-ray diffraction. The local and long range 
ordering of the polar anion units in this family were investigated as a means to better understand the 
connection between hard/soft interactions and structural control of the dipole moments.  The size of the 
hard/soft cations has been shown to affect the extent of dipole interaction, and therefore, the ordering of 
the polar anion units. 
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The known tridentate redox-active, N,N-bis(3,5-di-tert-butyl-2-phenoxide)amide, ([ONO
cat

]
3-

) ligand was 
used in the preparation of tantalum(V) complexes. Upon oxidation of a related bridging imido complex, 
([(ONO

cat
)Ta(ɛ

2
-NPh)(py)]2), four-electron reductive elimination of PhN=NPh was observed. Complexes 

with the general formula (ONO
cat

)TaX2 (X = Cl, O
t
Bu, NMe2) reacted with aryl azides to extrude N2 and 

generate a putative tantalum imido fragment, (ONO
q
)TaX2(=NR). Addition of PhN=NPh to the starting 

(ONO
cat

)TaCl2 resulted in the formation of a potential intermediate in the four-electron reductive 
elimination. The reactivity of the putative fragments and their intermediates will be discussed. 
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The development of molecularly-discrete transition-metal complexes that can activate the strong triple 
bond of coordinated dinitrogen for N-atom functionalization and complete NſN bond cleavage remains a 
topic of current intense academic interest. Recently, we reported that the third-row group 5 dinuclear 'end-
on-bridged' ɛ-N2 complex, {Cp*Ta[N(iPr)C(X)N(iPr)]}2(ɛ-ɖ

1
:ɖ

1
-N2) (Cp* = ɖ

5
-C5Me5, X = Me) (1) undergoes 

N-N bond cleavage in solution above 0 ÁC to provide the dinuclear bis(ɛ-nitrido) product, cis, trans-
{Cp*Ta(ɛ-N)[N(iPr)C(X)N(iPr)]}2 (2). Based on the 'side-on-bridged' ɛ-N2 structure of the group 4 metal 
congener, {Cp*Hf[N(iPr)C(Me)N(iPr)]}2(ɛ-ɖ

2
:ɖ

2
-N2) (3), that displays an exceptionally long N-N bond 

distance of 1.611(4) Å, we postulated that the 1 Ÿ 2 thermal conversion might proceed through an 
intramolecular ɛ-ɖ

1
:ɖ

1
-N2 Ÿ ɛ-ɖ

2
:ɖ

2
-N2 isomerization. In this talk, the results of kinetic and crossover 

experiments that have been undertaken to substantiate this hypothesis will be presented. In addition, we 
present structural evidence for a fundamentally new asymmetric dinuclear ɛ-ɖ

2
:ɖ

2
-N2 bonding motif 

obtained through the synthesis and characterization of {Cp*Ta[N(iPr)C(X)N(iPr)]}2(ɛ-ɖ
2
:ɖ

2
-N2)(ɛ-O) (X = 
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Me and NMe2) (4 and 5, respectively) (see figure for 5).   
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We have established the synthesis of boronate tantalum metallocavitands having a unique 
supramolecular structure. These novel complexes feature a cavity allowing for substrate binding through 
a hydrogen bond and electrostatic interactions. The ease of synthesis and the commercial availability of 
precursors allow for great versatility in fine-tuning the shape of the cavity. Several novel supramolecules 
featuring large conical cavities have been synthesized and characterized and are now investigated to 

assess their hosting potential for various types of fullerene.    
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