QAFCO - TAMUQ

CHEMISTRY
Conference 2011

It’s Time for Texas A&M.

January 20, 2011

Welcome to the 2011 Qatar Fertiliser Company-Texas A&M University at
Qatar Chemistry Conference. It is our privilege to have you as our guests.
This is the fifth annual chemistry conference hosted at Texas A&M at
Qatar and sponsored by Qatar Fertiliser Company (QAFCO). This annual
event represents the finest ideals of scholarship and intellectual inquiry,
and it builds on Qatar’s reputation as a champion of scientific research.
Thank you for being part of this conference.
Thank you, also, to QAFCO, one of Texas A&M at Qatar’s most steadfast
supporters. QAFCO’s generous sponsorship illustrates the importance of
conferences such as this: Through industry-academic partnerships like
this, we develop new knowledge that has practical applications for a
complex and changing world. I applaud QAFCO’s leadership for their
vision that makes this conference possible.
The University, now in its eighth year in Qatar, has over $70 million in
research commitments and is a leading center for advanced academic
research in the Gulf. The QAFCO-Texas A&M at Qatar Chemistry
Conference is an important part of that distinction.
I would like to offer an especially warm welcome to our keynote speaker
for today, Dr. Krishnan Raghavachari, professor of chemistry at Indiana
University in Bloomington, Ind., USA, and the 2009 winner of the
American Physical Society’s Davisson-Germer Prize in Surface Physics.
The roster of today’s speakers and panelists is impressive, as is the list of
participants. Thank you for joining us for the 2011 QAFCO-Texas A&M at
Qatar Chemistry Conference. I hope that you will find the presentations
stimulating and the discussions engaging.
Once again, welcome to Texas A&M at Qatar, and best wishes for an
outstanding conference.
Sincerely,

Dr. Mark Weichold
Dean and CEO

On behalf of the Science Program at Texas A&M University
at Qatar, I am pleased to welcome you to the fifth annual
QAFCO-TAMUQ Chemistry Conference.
The Science Program’s mission is not only to provide
engineering undergraduates with foundation principles in
chemistry, mathematics and physics, but also to encourage
them to participate in research using our facilities and
academic support. In addition, the chemistry faculty offer
coursework and research in various areas of chemistry that
support a minor in chemistry.
Our research activities have been ongoing since Texas A&M
at Qatar opened in 2003, and our faculty have been quite
successful in securing a number of grants to support their
endeavors. Our program has 19 externally funded research
projects with collaborators from all over the world. Our total
funding is currently around 16 million dollars. Your presence
at this conference affirms our pursuits of cutting-edge
chemistry research in Qatar and the region.
On behalf of my colleagues in the Science Program, welcome
to Texas A&M at Qatar. I am glad to have you with us and
I hope this conference will be an opportunity for you to
exchange ideas and discuss future collaborations.
Best regards,

Hassan S. Bazzi, Ph.D.
Chair, Science Program
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Keynote Speaker
Krishnan Raghavachari
Prof. Krishnan Raghavachari received his Ph.D. from CarnegieMellon University under the guidance of Nobel Laureate, Professor
John Pople in 1981. He carried out research at Bell Laboratories
for over two decades before joining Indiana University as a
Professor of Chemistry in 2002. His work covers a broad spectrum
of problems ranging from fundamental developments in quantum
chemistry to computational investigations of novel molecules and
materials. His major scientific contributions include:

(1) The development of accurate electron correlation theories
including the perturbative CCSD(T) technique that is often
called “the gold standard of quantum chemistry”. For over 20
years it has been the method of choice for accurate theoretical
predictions on molecules.
(2) The development of composite methods for theoretical
thermochemistry including the popular Gaussian-n methods
(G2, G3, G4) that have found widespread applicability for
calculating bond energies of molecules within chemical
accuracy.
(3) Investigations and insights on a variety of problems on silicon
and carbon clusters ranging from structures and stabilities of
small clusters to the mechanism of superconductivity in alkalidoped fullerenes.

(4) Many significant contributions to the field of structures and
chemical reactions on semiconductor surfaces including a
definitive characterization of hydrogen-terminated silicon
surfaces and unraveling the mechanisms of etching and
oxidation of silicon surfaces.
Prof. Raghavachari has published over 300 papers in the fields
of Chemistry, Physics, and Materials Science. He is among the
most cited authors in Chemistry with over 40,000 citations. He is
a Fellow of the American Physical Society and the Royal Society
of Chemistry. He has served on the advisory editorial boards of
Theoretical Chemistry Accounts, Journal of Physical Chemistry,
Journal of Materials Chemistry, and the Journal of Computational
Chemistry. In 2009, he won the Davisson-Germer prize in Surface
Physics given by the Amrican Physical Society. In the summer of
2010, he was elected a member of the International Academy of
Quantum Molecular Science.

"Accurate Electronic Structure Methods for
Small, Medium, and Large Molecules"
Krishnan Raghavachari
Department of Chemistry
Indiana University,
800 E. Kirkwood Avenue
Bloomington, IN 47405 – USA
kraghava@indiana.edu
The development of accurate and broadly applicable theoretical
methods for the study of molecules and materials is one of
the major challenges in quantum chemistry. In this lecture, we
present some of our recent advances in developing methods for
performing accurate theoretical computations for small, mediumsized and large molecules. In recent work, we have proposed
accurate composite techniques such as Gaussian-4 (G4) theory
to evaluate the electronic structures and bond energies of small
molecules from first principles. Such methods are capable of
describing bond energies of small molecules containing maingroup elements to chemical accuracy, and extensions to heavier
elements and transition metals are under way. However, as
the molecules get larger, the computational scaling in such
methods is prohibitively large for them to be applied without
modifications. Hybrid models that divide a large molecule
into two (or more) regions, such as the popular ONIOM-based
schemes offer a promising avenue for modeling medium-sized
and large molecules. In these methods, the central region and the
surrounding region are partitioned and treated with different
levels of theory to provide an appropriate balance between
accuracy and applicability. We are presently developing a hierarchy
of QM/QM embedded cluster methods, where the treatment
ranges from simple point charge electrostatic embedding to
including the effects of charge redistribution across regional
boundaries to more complex treatments involving multiple
fragments and interactions. Our methods combine conventional

ab initio electronic structure methods with density functional
theory to enable investigations on large molecules and materials.
We have carried out a range of applications of our methods to
challenging problems such as metal-oxide catalysis, anion binding
to organic macrocycles, chain reactions on silicon surfaces, and
dye-sensitized solar cells. In this lecture, we will describe our
recent theoretical developments in this area and present results
from illustrative novel applications.

"Strong Correlations from Constrained
Mean-Field Approaches"
Gustavo E. Scuseria
Department of Chemistry
Department of Physics and Astronomy
Rice University
Houston, Texas 77005, USA
guscus@rice.edu
This presentation will discuss mean-field approaches for describing
strong correlations. The methods that we have developed allow
for symmetry breaking followed by a restoration step. We work
both with wavefunctions and density matrix functionals. In
both cases, symmetry breaking is constrained to an active space.
Constrained-pairing mean-field theory (CPMFT) [1-4] yields a twoparticle density matrix ansatz that exclusively describes strong
correlations. The model wavefunction breaks electron number
conservation and is correct only on average but expectation values
calculated from the effective two-particle density matrix contain
no particle number fluctuations. On the other hand, Constrained
Unrestricted Hartree-Fock (CUHF) theory [5, 6] limits spin and
space symmetry breaking to an active space. Based on it, we have
recently proposed a novel approach for obtaining high-spin ROHF
wave functions by imposing constraints to UHF. The constraints can
be selectively released in an active space but imposed elsewhere.
If the active space is properly chosen, our CUHF method greatly
benefits from a controlled broken-symmetry effect while avoiding
the massive spin contamination of traditional UHF. We have also
applied Lowdin’s projection operator method to CUHF and obtain
multireference wave functions with moderate computational
cost. Singlet-triplet energy splittings show that our constrained
scheme outperforms fully unrestricted methods. This constrained
approach can be used in spin density functional theory with
similar favorable effects.

1. Strong correlations via constrained-pairing mean-field theory,
T. Tsuchimochi and G. E. Scuseria, J. Chem. Phys. 131, 121102
(2009).
2. Constrained-Pairing Mean-Field Theory. II. Exact treatment of
dissociations to non-degenerate orbitals, G. E. Scuseria and T.
Tsuchimochi, J. Chem. Phys. 131, 164119 (2009).
3. Constrained-Pairing Mean-Field Theory. III. Inclusion of Density
Functional Exchange and Correlation Effects via Alternative
Densities, T. Tsuchimochi, G. E. Scuseria, and A. Savin, J. Chem.
Phys. 132, 024111 (2010).
4. Constrained-Pairing Mean-Field Theory. IV. Inclusion of
corresponding pair constraints and connection to unrestricted
Hartree-Fock theory, T. Tsuchimochi, T. M. Henderson, G. E.
Scuseria, and A. Savin, J. Chem. Phys. 133, 134108 (2010).
5. ROHF Theory Made Simple, T. Tsuchimochi and G. E. Scuseria, J.
Chem. Phys. 133, 141102 (2010).
6. Constrained Active Space Unrestricted Mean-Field Methods
for Controlling Spin-Contamination, T. Tsuchimochi and G. E.
Scuseria, J. Chem. Phys. submitted.

"The Origin of Substituent Effects in		
Non-Covalent Interactions with Arenes"
Steven E. Wheeler
Department of Chemistry
Texas A&M University
PO Box 30012
College Station, TX 77842-3012, USA
wheeler@chem.tamu.edu
Non-covalent interactions (hydrogen bonding, π-stacking, etc.) are
central to many areas of chemistry, materials science, and biology.
Among these interactions, π-stacking interactions are among the
most important, yet probably the least well understood. I will
discuss new qualitative models of substituent effects in π-stacking
and related non-covalent interactions based on ab initio and
density functional theory computations. In popular models of
substituent effects in the benzene dimer, substituents modulate
the stacking interaction by polarizing the π-electron-cloud of
the substituted ring. I will show that these π-polarization effects
are actually small and substituent effects in the benzene dimer
and model cation/π and anion/π interactions are more readily
explained by direct, through-space interactions (inductive/field
effects) of the substituents with the unsubstituted ring. Analyses
of computed electrostatic potentials (ESPs) reveal similar deeprooted misconceptions in the literature regarding changes in
ESPs induced by substituents. Implications of these results for our
understanding of non-covalent interactions in supramolecular
chemistry will be discussed. I will also discuss the application of
these new qualitative models of non-covalent interactions to
stacking interactions in organic electronic materials.

"Dehydrogenation and Related Reactions of
Alkanes Catalyzed by Pincer‑iridium Complexes"
Alan S. Goldman
Department of Chemistry and Chemical Biology,
Rutgers, the State University of New Jersey
Piscataway, NJ 08854, USA
alan.goldman@rutgers.edu
Olefins are key intermediates in virtually every petrochemical
process. The selective dehydrogenation of alkanes to give olefins is
therefore a reaction with enormous potential value. Alkanes, and
particularly n-alkanes, are available in large quantities from the
Fischer-Tropsch conversion of synthesis gas which can be produced
from natural gas or other sources. While n-alkanes in the range
from C9 to C19 are excellent components of diesel fuel, other chain
lengths, particularly C3 to C8 are of much less value. In this context
we will discuss our development and mechanistic study of efficient
pincer-ligated iridium catalysts for alkane dehydrogenation. We
have also developed tandem-catalytic systems in which n-alkane
dehydrogenation is combined with a secondary reaction of the
olefin product. Particular focus has been on the development of
systems for the metathesis of n-alkanes. These systems display
varying degrees of selectivity for the conversion of Cn n-alkanes to
the corresponding C2n-2 n-alkane plus ethane, for example n-C6H14
to the valuable diesel component n-C10H22. Such reactions could
potentially improve the overall economics of gas-to-liquid and
related processes. Other tandem systems will also be discussed,
including the conversion of n-alkanes to lower aromatics (benzene,
toluene, xylene) and n-alkylarenes.

"Density functional theory calculations:
Advances and selected applications"
Martin Head-Gordon
Department of Chemistry
University of California, and, Chemical Sciences Division
Lawrence Berkeley National Laboratory, Berkeley CA 94720, USA
mhg@cchem.berkeley.edu
The status of density functional theory, the most widely used
electronic structure approach, will be discussed, including recent
developments in range-separated density functionals, which can
address some of the main deficiencies of standard functionals.
I then turn to chemical applications to interesting problems in
redox chemistry, first at isolated metal centers, in the context
of considering the characterization of oxidation states in water
oxidation catalysis, and then at metal surfaces in the context of
understanding the generation of small amounts of electricity in
catalytic CO oxidation.

"Molecular Systems for Hydrodesulfurization
Catalysis"
Ulrich Fekl
Department of Chemistry, University of Toronto and Department
of Chemical and Physical Sciences, University of T Mississauga
University of Toronto
3359 Mississauga Road N., Mississauga, Ontario, Canada L5L 1C6
ulrich.fekl@utoronto.ca
One of the most important large-scale industrial processes is the
hydrodesulfurization of petroleum, typically performed using
MoS2 catalyst. While MoS2 is very inexpensive, its performance in
deep desulfurization, namely in removal of sulfur from refractory
compounds such as sulfur heterocycles, is quite limited, and
activity is low. We are working towards highly active, moleculebased (as opposed to heterogeneous) catalysts, and the aim
is to develop both structural models and actual catalysts. Of
concern are partially hydrogenated thiophenes. We recently
synthesized excellent structural models for the active sites in MoS2:
Mo(tfd)2(dht)2 and Mo(tfd)2(tht)2 (dht=2,5-dihydrothiophene; tht=
tetrahydrothiophene; tfd=S2C2(CF3)2). The structural similarity to
the solid-state material will be discussed, along with ligand binding
equilibria involving partially hydrogenated thiophenes. With
density functional (DFT) methods we explored a full, computed,
catalytic cycle for sulfur removal (as H2S) and hydrocarbon
(butadiene) production from dht, 2,5-dihydrothiophene, using
a molecular molybdenum bisdithiolene as the catalyst. Contrary
to common assumptions, we discovered that multimetallic action
is not needed for dht desulfurization, and a single molybdenum
center should be able to perform all steps in a hydrodesulfurization
cycle of dht.

"How Good Do We Have to be to
Compute Absolute Interaction Energies for
Macromolecular Systems?"
Kenneth M. Merz Jr.
Colonel Allan R. and Margaret G. Crow Term Professor
Department of Chemistry
Quantum Theory Project
University of Florida
2328 New Physics Building
P.O. Box 118435
Gainesville, Florida 32611-8435, USA
merz@qtp.ufl.edu
Computational Chemistry is now a well-established field with
numerous significant successes to show for several decades of
effort. Nonetheless, several challenges remain both from the
computational/theoretical and experimental perspective. This
talk will touch on several of these challenges and suggest ways
in which to overcome them in the coming years. In particular, we
will touch on the establishment of error bounds in computational
prediction of the free energy of binding of a ligand for a
protein target and the folding free energy of a protein and
how this affects the outcome of absolute versus relative energy
computations. Through the formation of probability distribution
functions based on CCSD(T)/CBS reference energies we show that
computed interaction energies, by multiple methods, typically
have significant systematic as well as random errors. Detailed
analyses of NDDO based methods, force fields, density functional
theory, Hartree-Fock and correlated methods will be presented.
Based on these insights we will discuss what potential future
directions might have the most short-term impact on improving
computational studies of interactions in proteins and proteinligand complexes.

"Reactions of Late Transition Metal Alkyl and
Hydride Complexes with Molecular Oxygen"
Karen I. Goldberg
Department of Chemistry
University of Washington
Box 351700
Seattle, WA, 98195-1700, USA
goldberg@chem.washington.edu
From environmental and economic standpoints, molecular oxygen
represents an ideal oxidant for chemical transformations. It is
readily available, inexpensive (particularly if used without separation
from air) and environmentally benign. While oxygen is currently
used as an oxidant for many large-scale chemical oxidations, there
are numerous other transformations for which researchers have
been unable to successfully utilize molecular oxygen. Instead
more expensive and/or hazardous oxidants are often employed.
Further understanding of how transition metal complexes react
with molecular oxygen will assist in efforts to develop new selective
homogeneous catalytic reactions that effectively utilize this
abundant and environmentally friendly oxidant.
One valuable potential use of oxygen as an oxidant would be
in selective alkane functionalization. A variety of late transition
metal complexes have been shown to activate alkane C-H bonds to
generate metal alkyl and alkyl hydride complexes in high yields.
To accomplish alkane functionalization, such late metal species need
to undergo further reaction. If oxygen is to be used as an oxidant,
the reactivity of these species with oxygen needs to be understood.
With this goal in mind, the reactions of a variety of late transition
metal alkyls, hydrides and alkyl hydride complexes with molecular
oxygen have been investigated. The results of our kinetic and
mechanistic studies of the reactions of various late metal hydrides
and alkyls will be presented. The generality of these reactions
and the potential for incorporation of the reactions into alkane
functionalization strategies will be discussed.

References:
1. Scheuermann, M. L.; Fekl, U; Kaminsky, W.; Goldberg, K. I.
Organometallics, 2010, 29, 4749.
2. Boisvert, L.; Denney, M. C.; Hanson, S. K.; Goldberg, K. I. J. Am.
Chem. Soc. 2009, 131, 15802.
3. Look, J. L.; Wick, D. D.; Mayer, J. M.; Goldberg, K. I. Inorg.
Chem. 2009, 48, 1356.
4. Denney, M. C.; Smythe, N. A.; Cetto, K. L.; Kemp, R. A.;
Goldberg, K. I. J. Am. Chem. Soc. 2006, 128, 2508.

"Understanding the Factors Affecting the
Activation of Alkane by Cp’Rh(CO)2 (Cp’ =
Cp or Cp*): An Experimental and Theoretical
Study."
Michael B. Hall
Department of Chemistry
Texas A&M University
College Station, Texas 77843-3255, USA
hall@science.tamu.edu
Fast time-resolved infrared spectroscopic measurements have
allowed precise determination of rate of activation of alkanes
by Cp’Rh(CO) (Cp’ = Cp or Cp*, η5-C5H5 or η5-C5Me5, respectively).
The kinetics of C−H activation in solution at room temperature
shows how the change in rate of oxidative cleavage varies
from methane to decane. The lifetime of CpRh(CO)(alkane)
shows a nearly linear behavior with respect to the length of the
alkane chain, while the related Cp*Rh(CO)(alkane) has clear
oscillatory behavior upon changing the alkane. Coupled cluster
and DFT calculations on these complexes, transition states, and
intermediates provide the insight into the mechanism and barriers
in order to develop a kinetic simulation of the experimental
results. The observed behavior is a subtle interplay between the

rates of activation and migration. Unexpectedly, the calculations
predict that the most rapid process in these Cp’Rh(CO)(alkane)
systems is the 1,3-migration along the alkane chain. The nearly
linear behavior in the observed lifetime of CpRh(CO)(alkane)
results from a mechanism in which the next most rapid process
is the activation of primary C−H bonds (−CH3 groups), while the
third key step in this system is 1,2-migration with a slightly slower
rate. The oscillatory behavior in the lifetime of Cp*Rh(CO)(alkane)
with respect to the alkane's chain length follows from subtle
interplay between more rapid migrations and less rapid primary
C−H activation, with respect to CpRh(CO)(alkane), especially when
the −CH3 group is near a gauche turn. This interplay results in the
activation being controlled by the percentage of alkane isomers.

"Theoretical Studies on the Activation of
Ethylene by Nickel Bis(dithiolene)"
Edward N. Brothers
Department of Chemistry
Texas A&M University at Qatar
P.O.Box 23874, Doha, Qatar
ed.brothers@qatar.tamu.edu
Nickel dithiolene complexes have been reported as possible
catalytic routes to the purification of alkenes.i Recent
experimental workii has provided new insight into this reaction.
It was found that ethylene in the presence of moderate amounts
of the reduced reactant [Ni(S2C2(CF3)2)2]- produces the dithiolene
interligand adduct as the main product. However, the dithiolene
intraligand addition (and its decomposition product) dominates in
the complete absence of the [Ni(S2C2(CF3)2)2]- anion.2a
In a continuation of a previous work, iii further theoretical
study on the mechanism of these reactions was carried out. The
selectivity of different products of ethylene with pure nickel

bis(dithiolene) and its anion was explained by comparing their
different reaction pathways. The results show that in a pure
nickel bis(dithiolene) system, the formation of symmetry allowed
product, the intraligand adduct, has lower barrier than that of
symmetry forbidden product, the cis-interligand adduct, formed
either by a two-step process via a trans-interligand intermediate
or a three-step process via alternative adducts with ethylene
bonding to the nickel atom. However, in the presence of the anion
the formations of the cis-interligand adduct via intermediates
involving ethylene binding to the nickel atom followed by
electron transfer is more favorable than other reaction processes.
i
ii

iii

Wang, K.; Stiefel, E. I. Science 2001, 291, 106.
(a) Harrison, D. J.; Nguyen, N.; Lough, A. L.; Fekl, U. J. Am. Chem.
Soc. 2006, 128, 11026. (b) Lough, D. J.; Harrison, A. J.; Nguyen,
N.; Fekl, U. Angew. Chem. Int. Ed. 2007, 46, 7644.
Fan, Y.; Hall, M. B. J. Am. Chem. Soc. 2002, 124, 12076.

