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Efficient Atomic Simulation of Solvent Effects
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2Chemical Sciences Division, Pacific Northwest National Laboratory, Richland, WA 99352

A highly efficient method is introduced for QM/MM calculations with electronic embedding. It obviates the need to
perform a high-level electronic structure calculation for every solvent or environment configuration. The response of the
system to the long-range electrostatic field of the environment is evaluated using precalculated generalized electric
moments and polarizabilities. The latter are the first and second order responses of the system to spatially modulated
electric fields. In our current implementation, the electric potential of the surrounding is evaluated on a grid within the
molecule and fitted to a set of trigonometric functions defined in a box larger than the molecule. Calculation of the total
response from precalculated responses is several orders of magnitude faster than a new electronic structure
calculat ion
l
.The main projected use of this method is to perform thermodynamic simulations, mainly Monte Carlo simulations in
solutions. Solvent effects are very important, particularly for reactions that involve charge separation (see, for
instance2
) .  
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data from a limited number of high-level calculations. A similar method, restricted to first-order, has been previously
suggested by Shiga and Tachikawa3
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matrix elements. This gives exact first-order results but becomes expensive for large basis sets, and cannot handle
polarizability terms.

T. Janowski, P. Pulay, Efficient Calculation of the Energy of a Molecule in an Arbitrary Electric Field, Int. J. Quantum
Chem., 2009, http://www3.interscience.wiley.comijournal/29830/home (Hirao Volume)
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Time-Scale Approach and Perturbation Theory, Molecular Simulation 2007, 33, 171.
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A Neo-Classical EPIC on Electronic Polarization for Biomolecular Simulations
J.-F. Truchon(a), A. NicholIs(b), R.I. Iftimie(c), B. Roux(d) and C.I. Bayly(a)

(a) Merck Frosst Canada Ltd.
(b) OpenEye Inc.

(c) Universite de Montreal
(d) University of Chicago

A novel classical approach for intrarnolecular polarizability is introduced: the Electronic Polarization from an Internal
Continuum (EPIC) model. We-show that Poisson's equation alone can completely and accurately account for both
isotropic and anistropic molecular polarizabilities for a large, diverse and challenging range of organic species. In
contrast to other classical approaches to electronic polarization, this simple and general model avoids the polarizability
catastrophe while using very few fitted parameters and without resorting to auxiliary sites or anisotropic atomic centers.
The peculiarly high internal dielectric constant required is validated by the comparison of macroscopic dielectric
constants calculated from liquid simulations to experimental values based on refractive indices. With the goal of
incorporating this method into a polarizable force field, least-squares fitting of atomic charges to quantum mechanical
electrostatuc potentials has been recast to accommodate the internal dielectric (DRESP). With EPIC polarizatoin and
DRESP charges, challenging cases for polarized intermolecular interactions are shown to be well reproduced. The
method also lends itself to continuum solvation calculations, as demonstrated by good performance in calculating
experimental hydration free energies. We envision this model for electrostatics forming the foundation for a simple,
general, and accurate polarizable force field suitable for biomolecular simulations.
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Workhorse Semilocal Density Functional for Condensed Matter Physics and Quantum Chemistry
John P. Perdew

Department of Physics, Tulane University, New Orleans, LA 70118, USA

The TPSS meta-generalized gradient approximation [1] was designed to be computationally efficient (semilocal) and
applicable to a broad array of electronic systems. It gave accurate total energies, atomization energies of molecules,
and surface energies for solids. However, it only slightly improved the too-long lattice constants of solids predicted by
the standard PBE GGA [2]. (Because solids are softer than molecules, the prediction of their geometries makes greater
demands on a density functional.) Recently we proposed a PBEsol GGA [3] that restored the gradient expansion for
exchange over a wide range of densities, and so improved lattice constants of solids while worsening atomization
energies. Here we construct a revised TPSS [4] (revTPSS) meta-GGA that combines all the TPSS exact constraints
with the new insight from PBEsol, and so gives good lattice constants, atomization energies, and surface energies.

[1] J. Tao, J.P. Perdew, V.N. Staroverov, and G.E. Scuseria, Phys. Rev. Lett. 91, 146401 (2003).
[2] J.P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996).
[3] J.P. Perdew, A. Ruzsinszky, G.I. Csonka, L.A. Constantin, X. Zhou, O.A. Vydrov, G.E. Scuseria, and K. Burke,
Phys. Rev. Lett. 100, 136406 (2008).
[4] J.P. Perdew, A. Ruzsinszky, G.I. Csonka, L.A. Constantin, and J. Sun, submitted.
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Molecular Dynamics Simulations of Protein (1-11A-Cw6-B2m-KIR2DS2) Associated with Skin Disease Psoriasis
Mansour H. Almatameh,
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Al-Hussein Bin Talal University, Ma'an, Jordan.
2 Department of Biochemistry, Memorial University, St.John's, NL, Al  B 3X9, Canada

Molecular dynamics (MD) simulations were performed to study the structure and dynamics of (HLA-Cw6-
B2m-KIR2DS2) complex for better understanding of the skin disease psoriasis. Numerous studies have proved that Cw6
antigens is positively associated with psoriasis
l
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small protein therapeutic for psoriasis that is able to disrupt the interaction between HLA-Cw6 and its receptor. This
project provides a detailed understanding of the HLA-Cw6-B2m-KIR2DS2 complex, which is not yet known by using MD
simulations. Two complexes were constructed from HLA-Cw3-B2m-KIR2DL2 and HLA-Cw4-B2m-KIR2DL1
3 b ysuperposition and homology modeling using SWISS-MODEL. All MD simulations were performed using the Gromacs
package. The OPLS-AA all-atom force field and Gromos96 was used with the SPC (single point charge) water model.
The starting structure for all simulations was constructed by homology model from HLA-Cw3-B2m-KIR2OL2. The
simulations were performed in triclinic and cubic periodic boundary conditions. The simulations time step was set to a
1.5 fs, and the MD simulation was performed up to 1x107 time steps (15.0ns). The preliminary results, structures and
the binding sites of the complex will be presented and discussed.

1 2Szczerkoswska-Dobosz A., Arch. Immunol. Ther. Exp. (2005), 53; 428-433. Boy ington,  J. C., Motyka, S. A.,
Schuck, P., Brooks, A. G. & Sun, P. D. (2000). Nature 405, 537-43. 3 Fan, Q. R. & Wiley, D. G. (1999). J. Exp. Med.
190, 113-23.
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Alternatives to the conventional Ornstein-Zernike direct correlation function (DCF) are proposed, and applied to the
homogeneous electron liquid. This generalizes the recent work of Amovilli and March [Phys. Rev. B 76, 195104 (2007)],
where the ordinary Ornstein-Zernike D U  was used. Unlike the conventional Ornstein-Zernike DCF, the alternative DCFs
do not conflict with normalized exchange-correlation holes.

Alternative Ornstein-Zernike Models for the Homogeneous Electron Liquid
Rodelio Cuevas-Saavedra and Paul W. Ayers

Department of Chemistry, McMaster University, Canada
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Predicting Proton Exchange Membrane Fuel Cell Platinum Catalyst Durability and Activity using Density
Functional Theory
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Platinum still remains one of the most effective catalysts for the Hydrogen evolution reaction (HER) and the Oxygen
reduction reaction (ORR) for proton exchange membrane fuel cells. It has been previously shown that Nitrogen doping of
a Carbon catalyst support increases the durability and activity of the Platinum. This work uses density functional theory
to quantitatively characterize the effects of Nitrogen doping on graphene and single walled carbon nanotubes (SWCNT)
as a Pt catalyst support. The graphene systems were evaluated using Lant2DZ/B3LYP while the SWCNTs were
evaluated using LanI2MB/B3LYP. Overall, the binding energy between a single atom of Pt and the substrate can
increase by a factor of 2 via N-doping. This is due to the N atoms disrupting the delocalized double bond present in the
substrate causing the C-Pt bond to use their 2s16s orbitals more significantly. This is supported by molecular orbital and
natural bond orbital data. In addition of this, the reduction in AG of H2 and 02 absorption on Pt, an indicator of its
catalytic activity, was also reduced by a factor of 10 and 1.18 respectively. These effects were enhanced when
occurring on the outside of the SWCNT and reduced on the inside of the SWCNT when compared to the graphene
support.

85





































( 1
3
2 -
4 ]

Computational Study of Proper and Improper Hydrogen Bonding in Binary Methanol Complexes
C. Dale Keefe and Zuzana Istvankova

Department of Chemistry, Cape Breton University, Sydney, Nova Scotia, BI  P 6L2 (Dale_Keefe@cbu.ca,
i_zuzana@ns.sympatico.ca)

The importance of  C-H...Y hydrogen bonding is well established in biochemistry, supramolecular chemistry, and crystal
engineering despite the initial controversy over the previous decade. Our present study investigates the significance of
the improper hydrogen bonding involving the methyl group in the binary complexes of CH3OH with CH3OH, H20, CH3CN,
CH3CI, CH2Cl2, CHCI3, and CCI4. The stabilization energies, changes in geometry parameters, changes in harmonic
frequencies and vibrational intensities upon complex formation were calculated at MP2/6-311++G (d,p) level of theory.
The theory of Atoms In Molecules (AIM) was employed in the analysis of the electron density and the critical points
properties, while the natural bond orbital analysis (NBO) was carried out to evaluate the orbital interactions within the
pairs of the interacting atoms. Very good correlation is found between the stabilization energies, HB distance, and the
topological properties of the electron density and the Laplacian of electron density. Calculated shifts in the frequencies
of OH and CH stretching vibrations, changes in the vibrational intensities and the changes in the bond lengths are
consistent amongst the systems investigated, as well as with the literature and the experimental observations. Further
study is ongoing to gain better understanding of the nature of improper HB, as well as to explain the origin of the CH
bond contraction in the blue shifted hydrogen bonds
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Highly accurate momentum space pair densities and two-electron properties for the excited states of
two-electron systems.

Shane P. McCarthy and k it  J. Thakkar
University of New Brunswick

The electron pair density, r,  gives the probability density of finding an electron pair. Three-dimensional projections of r
such as the one-electron, extracule, and intracule densities are easier to visualize. The one-electron density is the
probability density of the position of an electron. The e)dracule density is the probability density for the position an
electron-pairs center-of-mass and thus yields information on the location of the centroid of an electron pair. The
intracule density is the probability density of an interelectronic vector and thus yields information on the relative motion of
an electron pair. The intracule and e)dracule projections retain a pair-like quality which the one-electron density lacks.
Complementary densities, both one- and two-electron, can be defined in momentum space. Only a very few calculations
of the momentum-space two-electron densities have been published so far.

We consider the ground 1
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Accurate wave functions expanded in Gaussian gerninals with energy errors less than 3.5 nanohartrees are constructed.
These wave functions can be transformed in closed form to momentum space, and the one- and two-electron densities
and their projections can be obtained in closed form in both position and momentum space. A graphical analysis of these
densities and related quantities is presented.
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Detailed assignment of UV-vis absorption spectra of high spin heme derivatives •
M. Asdhari-Khlavi B . R .  Wood
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1 Centre for Biospectroscopy and School of Chemistry, Monash University, Victoria, 3800, Australia
2 Department of Chemistry, McGill University, Montreal, H3A 2K6, Canada

3 Department of Chemistry, School of Molecular Sciences, La Trobe University, Victoria, 3086, Australia

Despite the large significance of high spin ferric heme in biology, detailed assignments of UV-vis absorption data of
corresponding species are missing. Recently there have been reports of unexplained enhancement of some Al g Raman
modes (particularly v4) in several rnetalloporphyrins including hemin, hematin, 13-hematin, Fe(III) porphine chloride,
Fe(I ll) tetraphenylporphine chloride, Fe(III) tetraphenylporphine p-oxo dinner, and Fe(III) octaethylporphine chloride at
near-IR excitation; however, interestingly this feature is not observed in Fe(III) octaethylporphine p-oxo dimer, hematin
p-oxo dinner, and hemoglobin [1,2]. To gain more insight into the mechanism of Raman enhancement there is a need for
detailed assignment of  optical absorption bands of these compounds. In this study, extensive time-dependent density
functional theory (TD-DFT) computations are carried out applying a high basis set (TZVP) [3] to calculate electronic
transitions of heme derivatives.
The calculated results are found to be in reasonable agreement with the observed (and reported) UV-vis absorption and
magnetic circular dichroism data. In correlation to resonance Raman results, this allows for a detailed assignment of the
optical spectra of high spin ferric heme derivatives.

1. Bayden R. Wood, Steven J. Langford, Brian M. Cooke, Janelle Lim, Fiona K. Glenister, Mart in Duriska, Jessica K.
Unthank, and Don McNaughton, J. Am. Chem. Soc. 126, 9233, 2004
2. R. Puntharod, G. T.  Webster, M. Asghari-Khiavi, K. R. Bambery, F. Safinejad, K. J. Haller, B. R. Wood, Submitted
3. A. Schaefer, C. Huber, R. Ahlrichs, J. Chem. Phys. 100, 5829, 1994
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Model core potentials for studies of scalar relativistic effects and spin-orbit coupling at Douglas-Kroll level.
I. Theory and applications to Pb and Bi
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Theory of  model core potentials that can treat spin-orbit coupling effects at the level of Douglas-Kroll formalism has
been developed. By storing the damping effect of kinematic operator in the Douglas-Kroll spin-orbit operator into an
additional set of basis set contraction coefficients, the Breit-Pauli spin-orbit code in the GAM ESS-US program was
successfully used to perform Douglas-Kroll spin-orbit calculations. It was found that minute errors in the radial functions
of valence orbitals lead t o
.
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necessary in model core potential parameterization.

The first model core potentials that include the new formalism were developed for two 6p-block elements, Pb and N.
The valence space of the 5p, 5d, 6s, and 6p orbitals was used because of the large spin-orbit coupling between the 5p
and 6p orbitals. The model core potentials were validated by in the calculations of atomic properties as well as
spectroscopic constants of diatomic metal hydrides. The agreement between results of the model core potential and
all-electron calculations was excellent, with energy errors of hundreds of c m
-1  a n d  h u n d r e d t h s  o f  
e V ,  r
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thousandths of A, and We errors under 20 c m
-1
.  T w o  k i n d s  
o f  i n t e r p l a y  
b e t w e e n  
s p i n -
o r b i t  
c o u p l i
n g  
e f f e
c t  
a n
d  
b o n d
i n g

process (anti-bonding and bonding SOC) were demonstrated using spin-free term potential curves of PbH and BiH. The
present study is the first extension of the model core potential method beyond Breit-Pauli to Douglas-Kroll spin-orbit
coupling calculations.
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