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Welcome

We would like to extend to you a warm welcome to CSTC 2004, the 15" Canadian Symposium
on Theoretical Chemistry. The CSTC conferences have been bringing together theoretical
chemists from Canada and around the world for almost forty years. Previous meetings have
been held in Edmonton (1965), Montréal (1967), Toronto (1969), Vancouver (1971), Ottawa
(1974), Fredericton (1977), Banff (1980), Halifax (1983), Toronto (1986), Banff (1989),
Montréal (1992), Fredericton (1995), Vancouver (1998), Ottawa (2001), and now in Sainte-
Adele, Quebec.

Ste-Adgle is the first of the Laurentian resort towns as one travels north of Montréal. The
Laurentian district is a vast playground of forests, rolling hills and mountains, rivers and lakes,
and resort hotels such as Hotel Le Chantecler, site of CSTC 2004. In winter this area is famous
for skiing. In summer, hiking, swimming, boating, cycling, golf, wilderness camping and many
other activities are enjoyed here. Spectacular fall colours, as depicted on the cover photo, are the
highlight of the fall season.

From July 10 to 14, 2004, we hope you’ll savour the atmosphere of this Laurentian resort hotel,
as well as the science of the 15" CSTC. The program of invited lectures focuses on recent
developments in quantum chemistry and dynamics. The contributed poster presentations cover a
broad range of theoretical and computational chemistry. We hope you’ll enjoy your stay, and
that you’ll be inspired by the scientific discourse as well.

Prof. Axel D. Becke Prof. Tucker Carrington Jr.
Department of Chemistry Département de chimie
Queen’s University Université de Montréal
Kingston, ON K7L 3N6 Case postale 6128

Succursale Centre-ville
Montréal, QC H3C 3J7

We are very grateful to Dr. Ross M. Dickson, Queen’s University, for
organization of the conference abstracts and preparation of this abstract book

And to IBM Canada for financial aid
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Schedule

Saturday, July 10
Arrival
Dinner
Reception
Sunday, July 11
08.20 | Opening remarks
Chair: D. Wardlaw
08.30 Bill Miller Beyond the quantum instanton model: Computing
thermal reaction rates from higher derivatives of the zero
time flux correlation function
09.15 Mark Tuckerman Ab initio molecular dynamics study of the mechanism of
1,3-butadiene attachment to the Si(100)2x1 surface
10.00 Break
Chair: M. Thachuk
10.30 John Perdew A nonempirical density functional straddling the
paradigm densities of quantum chemistry and condensed
matter physics
11.15 Alexander Wang What is p?
12.00 Lunch
Chair: M. Nooijen
14.00 Martin Head-Gordon | Localized orbitals and electron correlation
14.45 Mark Casida Towards the incorporation of higher-order excitations
into time-dependent density-functional theory
15.30 Break
Chair: A. Brown
16.00 Martin Quack Potential hypersurfaces and quantum dynamics of chiral
molecules without and with electroweak parity violation
16.45 David Luckhaus Quantum dynamics at high excitations: From vibrations
to reactions
17.30 Dinner
Chair: T. T. Nguyen-Dang
19.30 Daniel Lidar Two problems in the theory of open quantum systems:
Adiabatic dynamics, and a post-Markovian master
equation
20.15 Josh Wilkie Stochastic Hartree-Fock: New exact methods for
electronic structure and vibrational dynamics
21.00 Berny Schlegel Exploring potential energy surfaces for chemical
reactions
21.45 End of talks




Schedule

Monday, July 12

Chair: R. Boyd

08.30 Gustavo Scuseria

Recent progress in the development of exchange-
correlation functionals

09.15 Weitao Yang

Potential functionals: Solution to the v-representability
problem and theoretical foundation for the optimized
effective potential in density functional theory

10.00 Break

Chair: N. Cann

10.30 Viktor Szalay

Reaction volume Hamiltonian for molecules with large
amplitude internal motions

11.15 Claude Leforestier | A spectroscopic potential energy surface for the water
dimer (H,O),

12.00 Lunch

14.00 Poster Session A

17.30 Dinner

Chair: D. Salahub

19.30 Donald Truhlar

Computational thermochemistry and thermochemical
kinetics

20.15 Martin Kaupp

New approaches in the calculation of magnetic
resonance parameters

21.00 Evert Jan Baerends

Orbital-dependent functionals: Hartree-Fock, Kohn-
Sham exact-exchange and beyond

21.45 End of talks




Schedule

Tuesday, July 13
Chair: TBA
08.30 Paul Brumer
09.15 David Tannor Local control theory for unitary transformations:
Application to quantum computing without leakage
10.00 Break
Chair: R. Dumont
10.30 Krishnan Electronic structure studies of materials chemistry
Raghavachari using embedded cluster models
11.15 Paul Ayers Generalizations of the Hohenberg-Kohn theorems and
the N-representability problem
12.00 Lunch
14.00- Poster Session B
17.30
16.30- CATC business meeting
17.30
17.30 Dinner
Chair: P. Kusalik
19.30 John Tully Equilibrium, detailed balance and “forbidden hops” in
mixed quantum-classical dynamics
20.15 Stephen Gray Quantum dynamics of reactant channel OH-CO
complexes
21.00 Joel Bowman Ab initio potential surfaces and vibrational calculations
for 4-7 atom molecules
21.45 End of talks
Wednesday, July 14
Chair: A. Thakkar
08.30 Matthias Ernzerhof | Density functional theory for the calculation of the
molecular conductance
09.15 Bill Poirier Reconciling semiclassical and Bohmian mechanics
10.00 Break
Chair: R. Poirier
10.30 Pierre-Nicholas Roy | Quantum solvation and rotational dynamics in helium
clusters
11.15 Vladimir Quantum statistical mechanics with Gaussians
Mandelshtam
12.00 Lunch

Conference ends
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Poster Session A, Monday afternoon

A-7

A-8

A-9

A-13
A-14

A-15
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A-20

A-21
A-22

Presenter
Alves, C.N.

Amaral, IN.A.
Brown, Alex
Cafiero, Mauricio
Cafiero, Mauricio
Casida, Mark E.
Castillo, Norberto

Dawes, Richard

DilLabio, Gino A.
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Elran, Yossi

Fleurat-Lessard, P.

Fournier, Rene

Giménez, Xavier

Grein, Fritz
Grunwald, Robbie

Gubskaya, A. V.

Hamilton, 1. P.

Hanna, Gabriel

Hemelsoet, Karen

Issack, Bilkiss
Jalili, Seifollah

Title

A Density Functional study for paracetamol and 3,5-disubstituted
analogues

A Density Functional study of dipyridamole

Photodissociation of HI and DI: Atomic photofragment polarization
Non-Born-Oppenheimer Quantum Chemistry

A Correlation Scheme for use with Exact Exchange Functionals in DFT

Theoretical study of spin-crossover in model ferrous compounds:
Comparison of DFT and ab initio methods for describing the singlet
and quintet states of [Fe(H,0)¢]** and [Fe(NH;)s]**

An AIM Characterization of the Neutral, Cationic and Anionic Forms
of trans- and cis-C;gH;5.

A Multidimensional discrete variable representation basis obtained by
simultaneous diagonalization

Computational Modeling of Processes Leading to Self-Directed
Assembly on Silicon Surfaces: Progress Toward Hybrid Organic-
Silicon Nanostructure Formation

Superconvergent perturbation treatment of non-adiabatic transports of
Floquet states in the low-frequency limit

Decoherence in an Anharmonic Oscillator Coupled to a Thermal
Environment: A Semiclassical Forward-Backward Approach

Reaction Path at room temperature: Calculating the Free Energy
Gradient.

Global Optimization by Tabu Search in Descriptor Space

A Bohmian total potential view to dynamics: quantum effects go
classical

How do inert gas atoms affect molecular properties?

Nonadiabatic Dynamics: Surface Hopping Schemes and the Role of
Coherence

Molecular Dynamics Simulation Study of 1,2-Disubstituted (Hydroxy-
and Amino-) Ethanes: the Local Structure in Pure Liquids and Their
Aqueous Solutions.

Quantum-classical transition via a generalized momentum operator

Quantum-classical dynamics of proton transfer reactions in the
condensed phase

A closer look at chemical reactivity and reaction mechanisms using
DFT-based reactivity indices

Semiclassical Dynamics with Constraints

Study of Enzyme-Catalyzed Reactions using Quantum
Mechanical/Molecular Mechanics Methods




Index to Poster Sessions

No. Presenter Title

A-23  Kaledin, A. L. Quantum and Semiclassical Monte Carlo Calculations of Protonated
Methane

A-24  Kaledin, Martina The study of harmonic and anharmonic motion in biomolecules using
the Driven Molecular Dynamics approach

A-25  Katagiri, Hideki Excitation energies of polyethylene by equation of motion coupled-
cluster theory

A-26  Khalil, N. Quantum Chemical Approach of Corrosion Inhibition: Structure-
Activity Correlations of Some Inhibitors Used for Acid Corrosion of
Steel

A-27  Kudin, Konstantin N.  Convergence of olygomer chain properties to the polymeric limits -
origins of the universal asymptotic behavior

A-28 Lefebvre, C. Absolute phases in Floquet theory

A-29 Li, Xifeng Applications of DFT Theory In Studies of Low Energy Electron
Interactions with biomolecules

A-30 Liu, Ning Density-Functional Studies on Peroxynitrite Oxidation of Guanine

A-31 Mandy, M. E. A Quasiclassical Trajectory Study of Collisional Energy Transfer and
Dissociation in He + H; (v,j) using a new Potential Energy Surface

A-32  Matsuzawa, Hidenori  Theoretical Study of Geometries and Electronic Structures of AlNa,-H
(n=1-8) Clusters

A-33  Mothana, Belquis N and C NMR Chemical Shift Calculations and the Effect of
Electron-Withdrawing Groups on a Series of Pyrroles

Poster Session B, Tuesday afternoon

No. Presenter Title

B-1 Nguyen, N.A. Recollision Effects in Ionization-- H, case

B-2 Nielsen, Steve O. Coarse-grain molecular dynamics study of interactions between
transmembrane nanotubes

B-3 Palmieri, Benoit Diffusion in channeled structures

B-4 Patchkovskii, S. Simulation of thermodynamic properties of graphite-based hydrogen
storage materials

B-5 Patchkovskii, S. Three-dimensional simulation of photoelectron rescattering in strong
laser fields

B-6 Pearson, Jason K. Basis Set Effects on the Geometrical Parameters of Small Selenium
Compounds

B-7 Michael Probst Molecular Dynamics of Iron Cations in Water

B-8 Rah, Kyunil Diffusion and Viscosity of Colloidal Hard-Sphere Suspensions: A
Statistical Mechanical Approach

B-9 Rajamiki, Timo Vibrational energy levels of ammonia with wave number accuracy

from first principles calculations
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Hydration-parameterized continuum electrostatic models

Insights into the crystal/liquid interface of Lennard-Jones spheres and
water

Density functional theory applied to molecular quantum dots

Resonant Transfer of Excitation Between Two Molecules: A General
Formula Obtained From Quantum Electrodynamics

Effect of Laser Phase on Reaction Paths in Laser-Induced Chemical
Reactions

Calculating the A term of Magnetic Circular Dichroism with Time
Dependent Density Functional Theory

Molecular energy derivatives for state-universal and valence-universal
multi-reference coupled-cluster methods: theory and pilot application to
HF dipole moment curves

Relativistic DFT Study of the UO,*" and UO** Complexation With
Expanded Porphyrins

High-order adiabatic representations of quantum systems through a
perturbative construction of dynamical invariants

Calculation of ’F NMR Chemical Shifts in Uranium Complexes Using
Density Functional Theory and Pseudopotentials

Density Functional Study of Small Beryllium Clusters
Collision-induced Alignment of Drifting Molecular Ions

A Preconditioned Fourth-order Runge-Kutta ODE integrator for
Solving the Time-Dependant Schrodinger Equation.

Calibration of a DFT-based Computational Scheme for the Study of
Halide-Solvent Complexes

Application of Core Trace algorithm for determination of Protein
Backbone

A Theoretical study of Nitrogen-Rich Phosphorus Nitride P(N)y,

Refining contracted basis Lanczos methods for computing rovibrational
levels of methane-like molecules

Properties of Modified DNA Components: Searching for a Universal
Nucleobase

Vibrational Relaxation and Photodesorption of NO/Pt(111) : A Density
Matrix, Multi-Dimensional and Multi-Phonon Study

Empirical Energy Function for neutral or charged metal clusters formed
by pure or mixed elements

Transport properties of atomic and molecular nanowires
Ab Initio Molecular Dynamics Studies of Bimolecular Reactions

Optimizing the Structures of Reactants, Products and Transition States
on the Free Energy Surface
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Sunday morning, July 11

Beyond the Quantum Instanton Model:
Computing Thermal Reaction Rates from Higher Derivatives
of the Zero Time Flux Correlation Function

William H. Miller

Department of Chemistry
University of California
Berkeley, CA 94720 USA

The recent 'quantum instanton' model that has proved quite useful for computing thermal rate
constants of chemical reactions is generalized by employing higher order derivatives of the flux-
flux autocorrelation function at t = 0. [These are computed using recent developments by Doll
and Predescu in Monte Carlo path integration for the Boltzmann operator.] Rate constants are
obtained to better than 10% accuracy over a wide range of temperature.



Sunday morning, July 11

Ab initio molecular dynamics study of the mechanism of
1,3-butadiene attachment to the Si(100)2x1 surface

Mark E. Tuckerman

Dept. of Chemistry and Courant Institute of Mathematical Sciences,
New York University, New York, NY 10003, USA

A basic understanding how organic molecules attach to semiconductor surfaces could open
up new potential applications in the areas of nanoscale devices, in which organic layers of
controllable thickness contain molecules that serve as passive or active components. In this
talk, we report on our recent ab initio molecular dynamics investigations of the mechanism of
1,3-butadiene attachment to the Si(100)2x1 surface. These calculations employ gradient-
corrected Kohn-Sham density functional theory in conjunction with a plane-wave basis
expansion of the orbitals, novel new techniques developed by us for properly treating surface
boundary conditions within this framework [1], and a field-theoretic approach to the generation
of maximally localized Wannier functions as the dynamics proceeds [2]. In agreement with
recent experiments [3], we find several additional products, including a Diels-Alder [4+2]
addition, in which a surface dimer acts as a dienophile, and two other products, in which the
butadiene either bridges two dimers within the same row or two dimers in different rows. A
detailed analysis of the electronic structure strongly suggests that the mechanism of the Diels-
Alder reaction occurs in an asymmetric manner via the formation of an intermediate
carbocationic state. A similar mechanism is found to govern the formation of the other two
addition products as well.

[1] P. Minary, M. E. Tuckerman, K. Pihakari and G. J. Martyna, J. Chem. Phys. 116, 5351
(2002).

[2] J. W. Thomas, R. Iftimie and M. E. Tuckerman, Phys. Rev. B 69, 125105 (2004); R. Iftimie,
J. W. Thomas and M. E. Tuckerman, J. Chem. Phys. 120, 2169 (2004).

[3]1 L. C. Teague and J. J. Boland, J. Phys. Chem. B 107, 3820 (2003).
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Sunday morning, July 11

A Nonempirical Density Functional Straddling the Paradigm
Densities of Quantum Chemistry and Condensed Matter Physics

John P. Perdew

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

On the Jacob's Ladder of density functional approximations for the exchange-correlation
energy, each higher rung adds another local ingredient which can be used to satisfy further exact
constraints. The first rung is the local spin density approximation, which uses the local spin
densities, and the second is the generalized gradient approximation (GGA), which adds the
gradients of the spin densities. The nonempirical functionals on the first two rungs are
controlled extrapolations from the limit of slowly-varying density, a paradigm of condensed
matter physics. The third rung or meta-GGA further adds the Kohn-Sham local kinetic energy
density. Its nonempirical realization is the TPSS meta-GGA [1], a controlled interpolation
between the slowly-varying density and the one- or two-electron density, a paradigm of
quantum chemistry. I will review the construction [1] of this functional and its mostly-
successful numerical tests for atoms [2], molecules [3-5], and solids [6].

[1]1J. Tao, J.P. Perdew, V.N. Staroverov, and G.E. Scuseria, Phys. Rev. Lett. 91, 146401 (2003);
J.P. Perdew, J. Tao, V.N. Staroverov, and G.E. Scuseria, J. Chem. Phys. 120, 6898 (2004).

[2] V.N. Staroverov, G.E. Scuseria, J.P. Perdew, J. Tao, and E.R. Davidson, submitted to Phys.
Rev. A.

[3] G.I. Csonka, A. Ruzsinszky, J. Tao, and J.P. Perdew, Int. J. Quantum Chem., to appear.

[4] V.N. Staroverov, G.E. Scuseria, J. Tao, and J.P. Perdew, J. Chem. Phys. 119,12129 (2003).

[5] F. Furche and J.P. Perdew, in preparation.

[6] V.N. Staroverov, G.E. Scuseria, J. Tao, and J.P. Perdew, Phys. Rev. B 69, 075102 (2004).
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Sunday morning, July 11

What is p?

Federico E. Zahariev and Yan Alexander Wang

Deptartment of Chemistry
University of British Columbia
Vancouver, BC V6T 171, Canada
yawang @chem.ubc.ca

The “exchange-correlation derivative discontinuity” has drawn quite considerable attention
recently and many research groups have been designing new exchange-correlation density
functionals and potentials based on such theoretical results. The backbone of the “exchange-
correlation derivative discontinuity” arguments heavily relies on a particular value of the
chemical potential, p = — (I+A)/2, which is the negative of Mulliken’s electronegativity. Here, 1
and A are the first ionization potential and the first electron affinity of a bounded quantum
system under investigation, respectively. Unfortunately, there are already at least six different
values of the chemical potential within the present DFT framework. Naturally, one would like
to ask the following questions: Which one is the exact value of the chemical potential? Does the
exact value of the chemical potential differ from the one commonly employed in the theory of
the “exchange-correlation derivative discontinuity”? What are the consequences if they are
indeed distinct? To gain an understanding of these issues, we will go through a theoretical
journey in search of the correct definition of the functional derivative of the universal density
functional in Fock space, which yields the correct definition of the chemical potential at an
integer number of electrons. As a consequence, we provide a mathematically rigorous
confirmation for the “derivative discontinuity” initially discovered by Perdew et al. [Phys. Rev.
Lett. 49, 1691 (1982)]. Howeyver, the functional derivative of the exchange-correlation
functional is continuous with respect to the number of electrons in Fock space, i.e. there is no
“derivative discontinuity” of the exchange-correlation functional at an integer number of
electrons. For any external potential converging to the same constant at infinity in all directions,
we find that the exact value of the chemical potential at an integer number of electrons is the
negative of the first ionization potential, u = -1, not the popular preference of the negative of
Mulliken's electronegativity.

12



Sunday afternoon, July 11

Localized orbitals and electron correlation

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

Some of the issues associated with developing fast methods for the wavefunction-based
description of electron correlation will be re-examined in this talk.

The first issue is the determination of localized molecular orbitals. In systems with a gap, it is
well known that the occupied molecular orbitals can be localized. One natural definition of
localized orbitals are those that maximize self-interaction, as first advocated by Ruedenberg.
We shall describe a new approach to finding localized orbitals, which is well-suited to the
treatment of very large molecules, based upon a surrogate function which can be globally
maximized.

The second issue we shall examine is a fast and simple form for the electron correlation energy.
A modified form of second order Moller-Plesset theory (MP2) is explored, which is based on
scaling only the opposite spin correlation energy. Remarkably, relative energies calculated with
this modified MP2 approach are improved relative to conventional MP2 theory. Furthermore,
with this modified form of the MP2 energy, it is possible to evaluate the energy with only 4"
order work, without cutoffs, in contrast to the usual 5™ order scaling. We report chemical
results and timings.

Third, as time and progress permit, we will discuss some new approaches for exploiting
localized orbitals to further accelerate the computation of electron correlation energies.

13



Sunday afternoon, July 11

Towards the Incorporation of Higher-Order Excitations into
Time-Dependent Density-Functional Theory

Mark E. Casida

Equipe de Chimie Theorique (LEDSS-ECT), Laboratoire d'Etudes Dynamiques et Structurales
de la Sélectivité (LE"DSS ), UMR CNRS/UJF 5616, Institut de Chimie Moléculaire de Grenoble
(ICMG, FR-2607), Université Joseph Fourier (Grenoble I), 301 rue de la Chimie, BP 53,
F-38041 Grenoble Cedex 9, FRANCE
Mark.Casida@ UJF-Grenoble.FR

The grand majority of applications of time-dependent density-functional theory (TDDFT) for
the calculation of electronic excitation spectra use the adiabatic approximation and the
formalism described in Ref. [1]. It was already pointed out in that reference that the adiabatic
approximation restricts the formalism to treating only one-electron excitations, even though
configuration interaction (CI) is explicit for one-electron excitations and even though higher-
order correlations are included implicitly via the exchange-correlation functional. Nevertheless,
it is necessary to include two-electron (and perhaps higher-order excitations) explicitly in order
to obtain an acceptable description of (i) lower excitation energies in polyenes, (ii) a correct
treatment of exictations in open-shell molecules, and (iii) excitations in molecules when the
single determinant description of the ground state is insufficient. I will discuss one or more of
these problems and I will give some suggestions for a more general theory.

[1] M.E. Casida, in Recent Advances in Density Functional Methods, Part I, edited by D.P.

Chong (World Scientific : Singapore, 1995), p. 155. “Time-dependent density-functional
response theory for molecules”
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Sunday afternoon, July 11

Potential hypersurfaces and quantum dynamics of chiral molecules
without and with electroweak parity violation

Martin Quack
Physical Chemistry, ETH Ziirich, Wolfgang-Pauli-Str. 10, 8093 Ziirich, Switzerland

The construction of global potential hypersurfaces for the calculation of quantum dynamics of poly-
atomic molecules is a substantial challenge and our group has contributed in this field for some time, in
particular in relation to our research on high resolution molecular spectroscopy, infrared multiphoton
excitation and intramolecular kinetics [1-8], which are all usually dealt with on the basis of a parity
conserving theory. A fundamentally new aspect arises from introducing the parity violating electroweak
nuclear force into the quantum dynamics of chiral molecules, thus generating the new “electroweak
quantum chemistry” and electroweak quantum chemical kinetics [9-16]. This field has received
considerable new momentum after our theoretical discovery, about a decade ago, that the parity violating
energy differences between enantiomers of chiral molecules are predicted to be one to two orders of
magnitude larger than previously anticipated [9]. In the lecture we shall first report about the
fundamental aspects and recent history of the field and then discuss the most recent results from our
research group in Ziirich.

1.Spectra and dynamics of coupled vibrations in polyatomic molecules, M. Quack, Annu. Rev. Phys. Chem. 41,
839-874 (1990)

2.Potential energy surfaces, quasiadiabatic channels, and intramolecular dynamics of (HF), and its isotopomers, M.
Quack and M. Suhm, J. Chem. Phys. 95, 28-59 (1991)

3.HF dimer, W. Klopper, M. Quack and M.A. Suhm, J. Chem. Phys. 108, 10096-10115 (1998)

4.Global analytical potential hypersurfaces for large amplitude nuclear motion and reaction in methane,

R. Marquardt and M. Quack, J. Chem. Phys. 109, 10628-10643 (1998)

5.A new six dimensional analytical potential for the electronic ground state of hydrogen peroxide,

B. Kuhn, T.R. Rizzo, D. Luckhaus, M. Quack and M.A. Suhm, J. Chem. Phys. 111, 2565-2587 (1999)
6.Tunneling dynamics of the NH chromophore in NHD, during and after coherent infrared excitation

R. Marquardt, M. Quack, I. Thanopulos, and D. Luckhaus, J. Chem. Phys. 118, 643-658 (2003)

7.Global analytical potential hypersurface for large amplitude nuclear motion and reactions in methane. II

R. Marquardt, M. Quack, J. Phys. Chem. 108, 3166-3181 (2004)

8.Molecular spectra, reaction dynamics, symmetries and life, M. Quack, Chimia, 57, 147-160 (2003)

9.Ab initio calculation of molecular energies including parity violating interactions

A. Bakasov, T.K. Ha and M. Quack, in Proc. of the 4th Trieste Conference (1995), Chemical Evolution: Physics of
the Origin and Evolution of Life, 287-296, J. Chela-Flores and F. Rolin eds, Kluwer Academic Publ. Dordrecht,
1996

10.Ab initio calculation of molecular energies including parity violating interactions, A. Bakasov, T.K. Ha and M.
Quack, J. Chem. Phys. 109, 7263-7285 (1998)

11.Multi-configuration linear response approach to the calculation of parity violating potentials in polyatomic
molecules, R. Berger and M. Quack, J. Chem. Phys. 112, 3148-3158 (2000)

12.Influence of parity violating weak nuclear potentials on vibrational and rotational frequencies in chiral
molecules, M. Quack and J. Stohner, Phys. Rev. Lett. 84, 3807-3810 (2000)

13.Parity violation in fluorooxirane, R. Berger, M. Quack and J. Stohner,

Angew. Chemie 113, 1716-1719 (2001); Angew. Chem. Intl. Ed. (Engl.) 40, 1667-1670 (2001)

14 .Mode-selective stereomutation tunneling as compared to parity violation in hydrogen diselenide isotopomers
1231,%9Se,, M. Gottselig, M. Quack, and M. Willeke, Israel J. of Chemistry, 43, 353-363 (2003)

15.Combined multidimensional anharmonic and parity violating effects in CDBrCIF

M. Quack and J. Stohner, J. Chem. Phys. 119, 11228 — 11240 (2003)

16.Mode-selective stereomutation tunneling and parity violation in HOCIH" and H,Te, isotopomers, M. Gottselig,
M. Quack, J. Stohner, M. Willeke, Int. J. Mass Spectrometry 233, 373-384 (2004)
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Sunday afternoon, July 11

Quantum Dynamics at High Excitations:
From Vibrations to Reactions

David Luckhaus

Institut fiir Physikalische Chemie, Universitdt Gottingen,
Tammannstrasse 6, D-37077 Gottingen, Germany

In the limit of sufficiently high excitation energies even semi-rigid vibrations undergo very
large amplitudes eventually leading to chemical reactions. Such processes range from
conformational changes to the rearrangement of chemical bonds even in the case of strictly
bound-state dynamics.

This contribution discusses a general approach to the theoretical description of such processes
with particular emphasis on the concept of vibrational adiabaticity. Beyond purely numerical
aspects this includes the systematic development of approximate models to describe the
dynamical characteristics associated with certain structural features.

The approach builds on a generalized coordinate treatment of multi-dimensional quantum
dynamics, recently extended to multi-arrangement quantum dynamics, which encompasses the
exact treatment of four-particle dynamics in 6D as a special case. Examples will include the
stereomutation tunneling in hydrogen peroxide close to dissociation as well as the cis-trans
isomerization and (1,3)-Hydrogen transfer in nitrous acid.
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Sunday evening, July 11

Two problems in the theory of open quantum systems: adiabatic
dynamics, and a post-Markovian master equation

Daniel A. Lidar

Center for Quantum Information and Quantum Control
Chemistry Department, University of Toronto
80 St. George Street, Toronto, Ontario M5S 3H6, Canada

The theory of open quantum systems deals with systems coupled to an external, uncontrollable
environment. One attempts to deduce a reduced dynamical description for the system alone. In
this talk I will report on the solution of two problems in the theory of open systems:

1. The generalization of the adiabatic theorem of closed quantum systems to the general open
systems case (Reference: http://xxx.lanl.gov/abs/quant-ph/0404147).

2. The derivation of a master equation for the system density matrix that explicitly includes
bath-memory effects ("post-Markovian"), is analytically and numerically tractable, and satisfies
the formally important condition known as complete positivity (Reference:
http://xxx.lanl.gov/abs/quant-ph/0404077). Both results will be illustrated via examples.

17



Sunday evening, July 11

Stochastic Hartree-Fock: new exact methods for electronic
structure and vibrational dynamics

Joshua Wilkie
Simon Fraser University, Burnaby, BC, Canada

New general variationally derived methods for solution of the quantum N-body problem are
discussed. These approaches are dynamical in nature but can also be used to calculate spectral
information. The procedure expresses the N-body wavefunction or density matrix as an
ensemble average of appropriately symmetrized Hartree products of one-body wavefunctions or
densities which obey stochastic wave equations. The averaged quantities obey the exact N-body
Schroedinger or Liouville-von Neumann equations. Decompositions of this type can be applied
to fermions, bosons, vibrations or any combination of particles. The principle difficulty limiting
application of the method is numerical solution of the stochastic wave equations. Efficient and
accurate numerical methods for solving stochastic differential equations have not yet been
developed. We explain how Runge-Kutta methods for ordinary differential equations can be
modified to solve stochastic differential equations, and develop an adaptive stepsize algorithm.
We solve the Schroedinger equation for He to illustrate the approach.
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Sunday evening, July 11

Exploring Potential Energy Surfaces for Chemical Reactions

H. Bernhard Schlegel

Department of Chemistry
Wayne State University
Detroit, Michigan 48202, USA

Potential energy surfaces form a central concept in the application of electronic structure
methods to the study of molecular structures, properties and reactivities. Reaction path
following and ab initio molecular dynamics explore larger regions of these potential energy
surfaces than can be characterized by optimizing of equilibrium structures and searching for
transition states. For reaction path following, a new Hessian based predictor-corrector
algorithm with updating will be described and illustrated with a number of examples.
Applications of Born-Oppenheimer methods for ab initio molecular dynamics will be discussed
for acetylene dication fragmentation and acetone radical cation dissociation. In extended
Lagrangian methods for molecular dynamics, the electronic density matrix is propagated along
with the nuclear motion. The ADMP method for extended Lagrangian molecular dynamics will
be described.
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Monday morning, July 12

Recent Progress in the Development of
Exchange-Correlation Functionals

Gustavo E. Scuseria

Department of Chemistry, Rice University,
Houston, Texas 77005, USA

This presentation will address our current efforts to develop more accurate exchange-correlation
functionals for DFT. The functionals to be discussed include a new meta-GGA denoted TPSS
[1], a screened exchange hybrid especially designed with solids in mind [2], local hybrids [3],

and a current (j) dependent extension of PBE [4]. Extensive benchmarks and applications will
also be presented.

[1]J. Tao, J. P. Perdew, V. N. Staroverov, and G. E. Scuseria, Phys. Rev. Lett. 91, 146401
(2003).

[2] J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118, 8207 (2003).

[3]J. Jaramillo, M. Ernzerhof, and G. E. Scuseria, J. Chem. Phys. 118, 1068 (2003).

[4] S. N. Maximoff, M. Ernzerhof, and G. E. Scuseria, J. Chem. Phys. 120, 2105 (2004).
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Monday morning, July 12

Potential Functionals: Solution to the v-representability Problem
and Theoretical Foundation for the Optimized Effective Potential
in Density Functional Theory

Weitao Yang

Department of Chemistry, Duke University, Durham, NC 27708, USA

We have constructed a functional of external potentials and its variational principle for the
ground-state energy. This potential functional formulation is dual to the density functional
approach and provides a solution to the v-representability problem in the original Hohenberg-
Kohn theory. A second potential functional for Kohn-Sham non-interacting systems establishes
the theoretical foundation for the optimized effective potential (OEP) approach and results in
efficient approaches for ensemble Kohn-Sham calculations.

We have developed efficient methods for OEP calculations, based on direct optimization in the
potential functional space. Calculations with exact exchange and with exact exchange plus
correlation will be presented.

I will present a direct optimization method for the computation of the Kohn-Sham kinetic
energy functional, the exchange-correlation potential and other density functionals including the
exchange-correlation energy from a given electron density. The method is based on the
construction of variational functionals of the one-electron potential. Application to excited state
TDDFT calculations will be described.

[1] Weitao Yang, Paul W. Ayers, and Qin Wu. Potential functionals: Dual to density
functionals and solution to the v-representability problem. Phys. Rev. Lett., 92: 146404,
2004.

[2] Weitao Yang and Qin Wu. Direct method for optimized effective potentials in density
functional theory. Phys. Rev. Lett., 89: 143002-1-143002—4, 2002.

[3] Qin Wu and Weitao Yang. Algebraic equation and iterative optimization for the optimized
effective potential in density functional theory. J. Theo. Comp. Chem., 2(4): 627-638,
2003.

[4] Paula Mori-Sanchez, Qin Wu, and Weitao Yang. Accurate polymer polarizabilities with
exact exchange density functional theory. J. Chem. Phys., 119(21): 11001--11004, 2003.

[5] Qin Wu, Paul W. Ayers, and Weitao Yang. Density functional theory calculations with
correct long range potentials. J. Chem. Phys., 119(6): 2978-2990, 2003.

[6] Qin Wu and Weitao Yang. A direct optimization method for calculating density
functionals and exchange correlation potentials from electron densities. J. Chem. Phys.,
118(6): 2498-2509, 2003.
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Monday morning, July 12

Reaction volume Hamiltonian for molecules
with large amplitude internal motions

Viktor Szalay

Research Laboratory for Solid State Physics and Optfics,
Hungarian Academy of Sciences, P. O. Box 49, H-1525 Budapest, Hungary

An analysis of the differential equations obtained by the requirement of vanishing normal
coordinate forces in the nonrigid rotation—large amplitude internal motion (LAM) Hamiltonian
operator of a molecule with one or more (L > 1) LAMs is carried out with the following result.
The reaction path equation introduced by Fukui and the corresponding zero order rotational-
LAM Hamiltonian operator are rederived and generalized to several dimension, i.e. to reaction
surface (L=2) , reaction volume (L=3), and reaction hypervolume (L>3) equations and
Hamiltonians.
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Monday morning, July 12

A spectroscopic potential energy surface
for the water dimer (H,O),

Claude Leforestier

Université de Montpellier, France
lefores @univ-montp2.fr

We report progresses on elaborating a Potential Energy Surface (PES) for the water dimer
(H,0),, including all the degrees of freedom. Such a PES is required in order to assess the role
of the water dimer in the solar absorption spectrum, as well as in the millimeter wavelength
domain (radiotelescope arrays).

This surface is to be fit to experimental data, such as the far- and mid-infrared transitions, and
the IR shifts obtained in molecular beams. The water dimer is described in its full
dimensionality by collision type coordinates in order to access the whole configuration sampled
by this floppy system. Internal motions of the monomers (stretches and bends) are explicitly
considered by invoking an adiabatic separation between the slow (intermonomeric) and fast
(intramonomeric) modes. This (6 + 6)d adiabatic formulation allows us to recast the calculations
into an equivalent six-dimensional problem (~ pseudo-rigid monomers) on an effective potential
energy surface. A modified MCY potential was then fitted to a fully flexible dimer potential,
which leads to very good agreement with all far- and mid-infrared frequencies (rms ~ 1.5 cm™ h.
It is shown that flexibility is essential in order to reproduce the experimental transitions. Finally,
we describe an attempt at improving our model by adjunction of an anisotropic polarizability
component.
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Monday evening, July 12

Computational Thermochemistry and Thermochemical Kinetics

Donald G. Truhlar

Department of Chemistry and Supercomputing Institute
University of Minnesota, Minneapolis, MN 55455-0431, USA

Our research group is studying a number of areas of computational thermochemistry and
thermochemical kinetics. My lecture will include several topics drawn from this collection of research
projects, which includes:

Density functional parametrizations and density functional validations. The functionals include
hybrid DFT optimized for kinetics (MPW1K), hybrid meta DFT optimized for kinetics (BB1K,
MPWB1K), doubly hybrid DFT (MC3MPW), and doubly hybrid meta DFT (MC3BB), where MC3
methods are based on combining MP2 with scaling and DFT (as compared to hybrid DFT that is based
on combining Hartree-Fock and DFT). The validation suites include bond energies of organic, metal
dimer, and organometallic species, energies of reaction, barrier heights and transition state geometries,
ionization potentials, electron affinities, vibrational frequencies, hydrogen bonding energies and
geometries, weak interaction energies, and equilibrium distances in van der Waals dimers. Coworkers:
Yan Zhao, Nate Schulz, Ben Lynch.

Multi-coefficient correlation methods (MCCMs), including SAC/3, MC-QCISD/3, MCG3/3, and
BMC-QCISD. The balanced multi-coefficient (BMC) method is based on a new basis set, 6-31+B(d,p)
that is the same size as 6-31+G(d,p) but better balanced; this basis set also provides better performance
with single-level methods and hybrid DFT. Coworker: Ben Lynch.

A new universal solvation model, SM5.43R, parameterized for Hartree-Fock, DFT, and hybrid
DFT with any fraction of Hartree-Fock exchange. It is based on class IV charges obtained by Charge
Model 3 (CM3) with redistributed Lowdin population analysis, the generalized Born model, and atomic
surface tensions; it has very stable analytic gradients and no outlying charge error. It yields an improved
potential of mean force for hydrophobic interactions. As compared to the C-PCM, D-PCM, and IEF-
PCM models in Gaussiar 03, the mean errors for aqueous solvation energies of ions are a factor of 1.3 to
2.2 smaller (depending on the PCM method), and those for neutrals in water are a factor 1.5 to 2.4
smaller than PCM. Gaussian 03 supports 16 organic solvents, and the PCM methods have mean
unsigned errors of 3.8 to 3.9 kcal/mol in these, whereas SM5.43R has a mean unsigned error of 0.56
kcal/mol (a factor of 6.7 to 7.0 improvement). Furthermore, the new model was also tested in 60 other
solvents with a mean unsigned error of 0.54 kcal/mol. Coworkers: Jason Thompson, Chris Cramer.

New tools for the study of the free energy and dynamics of Al nanoparticles. These include: a new
many-body tight binding method, a new effective core potential and valence basis set for DFT studies,
and embedded-atom-type potentials parametrized for Al nanoparticles (Al40-Al177). Coworkers: Nate
Schultz, Ahren Jasper, Grazyna Staszewska, and Przemek Staszewski.

Use of hierarchical vibrational configuration interaction to calculate vibrational-rotational
energies. We used vibrational CI to calculate a converged vibrational-rotational partition function for
CH4, the first such converged partition function for a molecule with more than three atoms. Coworkers:
Arindam Chakraborty, Joel Bowman, and Stuart Carter.

A new Monte Carlo importance sampling scheme for Feynman path integral calculations of
absolute vibrational-rotational free energies for molecules with large-amplitude motions. The method
employs enhanced same-path extrapolation of trapezoidal Trotter Fourier path integrals and has been
used to calculate converged partition functions for H2O2, the first converged partition function for a
molecule with a torsion. Coworkers: Vanessa Audette Lynch and Steve Mielke.

Time will not permit discussion of all these topics in the lecture, but I will be available for
discussion during the entire conference. This work was supported in part by the U. S. Department of
Energy, the National Science Foundation, and the Army Research Office.
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Monday evening, July 12

New Approaches in the Calculation of

Magnetic Resonance Parameters
M. Kaupp

Institut fiir Anorganische Chemie, Universitiit Wiirzburg,
Am Hubland, D-97074 Wiirzburg, Germany.
kaupp @mail.uni-wuerzburg.de

Recent developments and applications of quantum chemical methods for the calculation of
magnetic resonance parameters are discussed. Some of the progress made encompasses

a) improved DFT calculation of magnetic linear response properties (in particular NMR
shieldings [1] and EPR g-tensors [2]) using recently introduced “local hybrid potentials”,
b) calculation of hyperfine tensors on heavy nuclei using the Douglas-Kroll-Hess
Hamiltonian [3],

c) efficient inclusion of spin-orbit corrections into calculations of hyperfine tensors [4], and
d) inclusion of molecular dynamics into electronic g-tensor calculations in solution [5].

[11 A. V. Arbuznikov, M. Kaupp (2004) Chem. Phys. Lett. 391, 16-21.
[2] A. V. Arbuznikov, M. Kaupp (2004) Chem. Phys. Lett. 381, 495-504.
[3] I. Malkin, O. L. Malkina, V. G. Malkin, M. Kaupp (2004), to be submitted.

[4] C. Remenyi, A. V. Arbuznikov,. R. Reviakine, J. Vaara, M. Kaupp (2004) J. Phys. Chem. A
108, 5026-5033. A. V. Arbuznikov, J. Vaara, M. Kaupp (2004) J. Chem. Phys. 120, 2127-2139.

[5]J. R. Asher, N. L. Doltsinis, M. Kaupp (2004) J. Am. Chem. Soc., in press.
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Monday evening, July 12

Orbital-dependent functionals:
Hartree-Fock, Kohn-Sham exact-exchange and beyond.

E.J. Baerends

Vrije Universiteit, Amsterdam, The Netherlands

After the local-density approximation and the very successful generalized gradient
approximations, it is often stated that using an exact exchange (EXX) functional is the next step
up our ladder of DFT approximations. It would notably solve the self-interaction problem that
plagues DFT. It only leaves the much smaller correlation energy to be treated with some
approximate functional.

We will argue that the EXX approach cannot be considered a step forward compared to the
GGAs. It reintroduces a very important flaw present in the Hartree-Fock approximation.
Arguably the great success of DFT is a consequence of avoiding the typical Hartree-Fock error,
obviating the distinction between exchange and correlation that is so ingrained in quantum
chemistry after decades of the reigning paradigm: first Hartree-Fock, and then beyond. We will
argue that, once one is prepared to accept the computational complications and the price of
dealing with orbital-dependent functionals, it is still not necessary, and maybe even against the
origin of the success of DFT, to go back to the exact-exchange starting point. It is possible to
go back to the statistical definition of correlation in terms of two-electron probability
distributions, or exchange and correlation holes,' treating exchange and correlation jointly rather
than separately, and devise orbital-dependent functionals that incorporate exchange and
correlation on equal footing.>® We will demonstrate that this can be done successfully, but a
"universal" functional of this type is not yet available. If such full exchange-correlation
functionals will be successful, they may ultimately justify the increased computational expense
of dealing with orbital-dependent functionals.

1. M. A. Buijse and E. J. Baerends, Mol. Phys. 100 (2002) 401

2. E. J. Baerends, Phys. Rev. Lett. 87 (2001) 133004
3. M. Griining, O. V. Gritsenko and E. J. Baerends, J. Chem. Phys. 118 (2003) 7183
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Tuesday morning, July 13

Paul Brumer
Lash Miller Chemical Laboratories

University of Toronto
80 St. George St., Toronto, ON M5S 3H6, Canada

27



Tuesday morning, July 13

Local Control Theory for Unitary Transformations:
Application to Quantum Computing Without Leakage

Shilomo E. Sklarz and David J. Tannor

Department of Chemical Physics
Weizmann Institute of Science
Rehovot, 76100 Israel

We present a local optimal control strategy to produce desired unitary transformations. Unitary
transformations are central to all quantum computational algorithms. Many realizations of
quantum computation use a submanifold of states, comprising the quantum register, coupled by
an external driving field to a collection of additional mediating excited states. Previous attempts
to apply control theory to induce unitary transformations on the quantum register, while
successful, produced pulses that drive the population out of the computational register at
intermediate times. Leakage of population from the register is undesirable since often the states
outside the register are prone to decay and decoherence, and populating them causes a decrease
in the final fidelity. In this work we devise a local optimal control method for achieving target
unitary transformations on a quantum register, while avoiding intermediate leakage out of the
computational submanifold. The technique exploits a phase locking of the field to the system
such as to eliminate the undesirable excitation. This method is then applied to produce an
SU(6) Fourier transform on the vibrational levels of the ground electronic state of the Nay

molecule. The emerging mechanism uses two photon resonances to create a transformation on
the quantum register while blocking one photon resonances to excited states.
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Tuesday morning, July 13

Electronic Structure Studies of Materials Chemistry
using Embedded Cluster Models

Krishnan Raghavachari

Department of Chemistry
Indiana University
Bloomington, IN 47405

kraghava@indiana.edu

In this talk, we consider salient features of mechanical as well as electronic embedding
techniques and discuss their applicability in computational studies of materials. Accurate
quantum chemical calculations using such embedded cluster models have been performed to
investigate the surface chemistry of semiconductor materials and the endohedral chemistry of
carbon nanotubes. Recent examples using our results to provide assignments and novel
interpretations of experimental spectroscopic observations will be discussed.
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Tuesday morning, July 13

Generalizations of the Hohenberg-Kohn Theorems
and the N-representability Problem

Paul W. Ayers
Department of Chemistry, McMaster University

Computational theories based on the electron density satisfy the variational principle (the
second Hohenberg-Kohn theorem) because the N-representability conditions for the electron
density are easily enforced. Unfortunately, we do not know the expressions for the electronic
energy in terms of the electron density. Using the first-order reduced density matrix, instead of
the electron density, as the fundamental descriptor helps (we can construct the kinetic energy
exactly), but developing accurate correlation energy functionals still seems difficult. This
suggests that the next step—using higher-order density-matrices or many-electron densities—
might be helpful. Indeed, constructing energy functionals is easier in these cases. But unlike
the electron density and the first-order density matrix, the N-representability conditions are no
longer easily enforced. This is problematic, since in a straightforward variational procedure,
one minimizes the energy with respect to the density matrix subject to the constraint that the
density matrix is N-representable. Symbolically,

Eg.s. < min EJI],

TinN

which is just the second Hohenberg-Kohn theorem, with the density matrix replacing the
electron density as the fundamental descriptor of the electronic system.

Since non-N-representable density-matrices are manifestly nonphysical, one can define their
energy however one pleases. By using this freedom, one obviates the need to restrict the
variational principle to N-representable densities. A simple method for constructing this energy
functional will be presented. This represents an “implicit” method for solving the N-
representability problem, since the N-representability constraint is implicit in the functional.

Since there has been some recent interest in theories based on the two-electron (electron pair)

density, this talk will conclude by considering the N-representability conditions for these
quantities.
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Tuesday evening, July 13

Equilibrium, Detailed Balance and ‘“Forbidden hops” in mixed
quantum-classical dynamics

Priya Parandekar and John C. Tully
-Department of Chemistry, Yale University, P. O. Box 208107, New Haven, CT 06520, USA

Mixed quantum-classical procedures have been developed to simulate molecular motions when
a classical mechanical description alone is not adequate. A crucial property of such theories is
feedback between the classical and quantum motions. Quantum transitions are driven by the
time-dependent classical motion and, in turn, the forces governing the classical paths are altered
by quantum transitions. A desired property of such theories is satisfying detailed balance,
required to achieve the correct equilibrium state. It has been widely assumed that mixed
quantum-classical theories cannot satisfy detailed balance; rather, quantum populations are
believed to approach infinite temperature. We examine the two general formalisms that have
evolved for incorporating quantum-classical feedback, the self-consistent-field (SCF) and
surface-hopping methods. We present an analysis of detailed balancing in these methods,
supplemented by simulations. We show that with the SCF method the quantum populations are
generally much higher than the desired Boltzmann values, and indeed can approach infinite
temperature at long times. By contrast, surface hopping with the "fewest switches" algorithm
usually satisfies detailed balance quite accurately, albeit not exactly. This is only true, however,
when transitions to energy forbidden quantum states are disallowed. Thus "forbidden hops",
often considered a failing of surface hopping, are actually essential to achieve proper
equilibrium.
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Tuesday evening, July 13

Quantum Dynamics of Reactant Channel OH-CO Complexes

Stephen K. Gray

Chemistry Division
Argonne National Laboratory
Argonne, IL 60439
gray@tcg.anl.gov

The results of a six-dimensional wave packet simulation of the decay of OH-CO reactant
channel complexes are discussed. These complexes have been studied experimentally in recent
work by Lester and co-workers. The theoretical work presented here employs recently
developed potential energy surfaces based on high quality ab initio data for the complexes.
Both the A' and A" surfaces are considered. Excitation of the overtone with two quanta of
excitation in the OH vibration leads to very long-lived complexes that decay exclusively to
separated OH and CO fragments. The product distributions reflect two mechanistic pathways,
one involving direct fragmentation after loss of one quantum of vibration in OH, and the other
pathway reflecting a simultaneous vibrational excitation of the CO fragments. Our results are
found to be in good accord with the experimental ones. Preliminary results on the decay of
excited bend states of the reactant channel complexes, which can also decay through more
chemically-bonded HOCO complexes and lead to H+CO2 products, are also presented.

This work was supported by the Office of Basic Energy Sciences, Division of Chemical
Sciences, Geosciences, and Biosciences, U. S. Department of Energy under Contract No. W-31-
109-ENG-38.
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Tuesday evening, July 13

Ab initio potential surfaces and vibrational
calculations for 4-7 atom molecules

Joel M. Bowman,' Bastiaan Braams,2 Alex Brown,l’3 Stuart Carter,l’4 Hua Guo,5 Lawrence
Harding,6 Xinchuan Huang,! Anne McCoy,’” Xiubin Zhang,' Shengli Zou'®

! Department of Chemistry and Cherry L. Emerson Center fo Scientific Computation, Emory University,
2 Department of Mathematics and Computer Science, Emory University, > Current address: Department
of Chemistry, University of Alberta, * Current address: Department of Chemistry, University of Reading,
> Department of Chemistry, University of of New Mexico. % Chemistry Division, Argonne National
Laboratory, ” Department of Chemistry, Ohio State University, ® Current address: Department of
Chemistry, Northwestern University

I will describe progress we have made in obtaining global or semi-global potential energy
surfaces for polyatomic molecules and a variety of dynamics calculations done with these
potentials. Examples will include acetylene/vinylidene isomerization, CHs", (OH)H,0, H,CO,

(H20)2, and H+(H20)2

Support from the National Science Foundation, Department of Energy and Office of Naval
Research is gratefully acknowledged.
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Wednesday morning, July 14

Density functional theory for the calculation of the
molecular conductance

Matthias Ernzerhof

Department of Chemistry, University of Montreal

Stationary current transport through molecular electronic devices represents a non-equilibrium
problem. We develop a non-hermitian model Hamiltonian that yields eigenstates describing the
non-equilibrium state. A stationarity principle for the non-hermitian Hamiltonian is constructed
that resembles the variational method of conventional hermitian quantum mechanics. As an
application of the non-hermitian stationarity principle, we develop a density functional theory
for the current-carrying state in molecular electronic devices. We obtain a non-interacting model
system that yields the same current density as the interacting one.
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Wednesday morning, July 14

Reconciling Semiclassical and Bohmian Mechanics
Bill Poirier

Department of Chemistry and Biochemistry
Texas Tech University, Box 41061, Lubbock, TX 79409-1061

Semiclassical and Bohmian mechanics share many similarities. Both are trajectory methods,
that can capture quantum mechanical effects such as interference. Both are derived from the
notion of the action, and the Hamilton-Jacobi equation. Both utilize the same modulus-phase
decomposition of the wavefunction. Yet dynamically, the two approaches are radically
different, e.g. the quantum potential is not "small" in any hbar sense, and the trajectories
themselves are not even qualitatively similar. In this talk, we reformulate Bohm's theory in a
manner that more closely resembles the semiclassical approach, and that also alleviates the
infamous "node problem."
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Wednesday morning, July 14

Quantum solvation and rotational dynamics in helium clusters

Pierre-Nicholas Roy and Nicholas Blinov

Department of Chemistry, University of Alberta, Edmonton, AB, T6G 2G2

We describe quantum Monte Carlo approaches for the study of quantum solvation and rotational
dynamics in doped helium clusters. Simulation results for a dopant molecule (eg: OCS, N,O)
imbedded in helium clusters of varying sizes will be presented. The solvation structure will be
analyzed as a function of system size. Dynamical properties such as the rotational constant of an
effective rotor will also be presented. Questions regarding decoupling and the inclusion of
particle exchange will be discussed in terms of the onset of microscopic superfluidity. It will be
shown that exchange effects appear to be quenched for small clusters and become important
when a certain cluster size is reached. This cluster size coincides with the experimentally
observed “turnaround” in the behaviour of the effective rotational constant. These observations
should help further our understanding of the transition from the cluster to the nano-droplet
regime.
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Wednesday morning, July 14

Quantum Statistical Mechanics with Gaussians

Pavel Frantsuzov and Vladimir Mandelshtam

Department of Chemistry
University of California Irvine
Irvine, CA 92697-2025, USA

The variational Gaussian wavepacket method for computation of equilibrium density matrices
of quantum many-body systems is presented.

The density matrix is expressed in terms of Gaussian resolution, in which each Gaussian is
propagated independently in imaginary time t=1/kT starting at the classical limit t=0. For a N-
particle system a Gaussian is represented by its center, a real 3N-vector, the width, real
symmetric 3Nx3N matrix, and the scale, a real number, all treated as dynamical variables.
Evaluation of observables is done by Monte Carlo sampling of the initial Gaussian positions.

Ideally, a single Gaussian propagation requires numerical effort comparable to propagation of a
single classical trajectory for a system with 9N(N+1)/2 degrees of freedom. Furthermore, an
approximation based on a direct product of single-particle Gaussians, rather than a fully coupled
Gaussian, reduces the number of dynamical variables to 9N.

The success of the methodology depends on whether various Gaussian integrals needed for
calculation of, e.g, the potential matrix elements or pair correlation functions could be evaluated
efficiently. I will describe techniques to accomplish these goals.

At not-very-low-temperatures the results are surprisingly accurate for a range of model systems
including the case of double-well potential. The method was also applied to a Ne;; Lennard-
Jones cluster to compute the heat capacity and radial pair correlation function. The results agree
very well with the available Path-Integral-Monte-Carlo calculations.

I will also discuss how symmetrized Gaussians can be used to include particle statistics and the
numerical difficulties associated with it.
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Poster Session A, Monday afternoon

A Density Functional study for paracetamol
and 3,5-disubstituted analogues

J. E. M. Diniz, R. S. Borges, and C. N. Alves

Departamento de Quimica, Centro de Ciéncias Exatas e Naturais, Universidade Federal do
Pard, CP 11101, 66075-110, Belém, PA, Brasil.

Quantum chemistry calculations at the B3LYP theory level, together with the 6-31G* basis set
were employed to obtain energy (E), ionization potential (IP), bond dissociation energies
(BDE), and spin-density distribution for paracetamol (PAR) and 3,5-disubstituted analogues of
PAR. Calculations of spin densities were performed for radical formed by hydrogen abstraction
from the phenolic hydroxyl group. The unpaired electron remains is localized on the O
phenolic oxygen (31-40%), C; and Cs carbon atoms at the ortho (17-27% and 21-27%) and C,
carbon atom at the para (25-33%) positions. The correlation between analgesic activity,
cytotoxicity, and electronic properties was obtained by using correlation matrix. The IP and
BDEg.y are significant related with the in vitro inhibition of cyclooxygenase, while BDEg g,
BDEN.y and IP are significant related with the cytotoxicity (LDH).

Keywords: paracetamol analogues, analgesic activity, cytotoxicity, DFT, spin density.

A Density Functional study of dipyridamole

C.N. Alves and I. N. A. Amaral

Departamento de Quimica, Centro de Ciéncias Exatas e Naturais, Universidade Federal do
Pard, CP 11101, 66075-110, Belém, PA, Brasil

A DFT study of charge distributions for dipyridamole in the neutral, single- and double-

- ionized states allowed to estimate the first and second ionization potentials. Results are
compared with electrochemical oxidation, a sequential two-step process. Single ionization
produces a cation radical, the electron being removed from the nitrogen atoms in the
substituent positions 2,4,6,8 with participation of the carbons in the pyrimido-pyrimidine
ring. Protonation of one of the nitrogens is allowed energetically while a second protonation
is forbidden due to the high energy required. Our calculations allow to explain some

interesting experimental results related to electrochemical oxidation and protonation of the
drug.
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Poster Session A, Monday afternoon

Photodissociation of HI and DI: Atomic photofragment polarization
Alex Brown
Department of Chemistry, University of Alberta, Edmonton, AB, T6G 2G2

The complete angular momentum distributions and vector correlation coefficients (orientation
and alignment) of ground state I(2P3/2) and excited state I(2P1/2) atoms resulting from the
photodissociation of HI have been computed as a function of photolysis energy. The orientation

and alignment parameters, aif ep) , that describe the coherent and incoherent contributions to
the angular momentum distributions from the multiple electronic states accessed by parallel and
perpendicular transitions, are determined using a time-dependent wave packet treatment of the
dissociation dynamics. The dynamics are based on potential energy curves and dipole moments
that have been reported previously [R.J. Le Roy, G.T. Kraemer and S. Manzhos, Journal of
Chemical Physics 117, 9353-9369 (2002)] and used to successfully model the scalar (cross-
section and branching ratios) and lowest order vector (anisotropy parameter §) properties of the

photodissociation. Predictions of the aif tp) parameters for the isotopically substituted species
DI are reported and contrasted to the analogous HI results. Comparison of these predictions for
HI and DI with experimental measurement will provide the most stringent test of the current
interpretation of the dissociation based on non-coupled excited state dynamics.
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Poster Session A, Monday afternoon

Non-Born-Oppenheimer Quantum Chemistry

Mauricio Cafiero

Computational Chemistry Group,
National Institute of Standards and Technology
Gaithersburg, MD

Quantum chemistry, and especially computational quantum chemistry, has traditionally been
done within the Born-Oppenheimer approximation. Occasionally, when the circumstances
demand it, the Born-Oppenhemier corrections are added to conventional calculations to take
into account the coupling of electronic and nuclear motion. The separation of electronic and
nuclear motion (and thus the perturbative correction to correct for it) is accurate only to second
order, so any effects which are inherently above second order cannot be described within the
Born-Oppenheimer picture. As experimental techniques allow us to examine molecular
behavior in these regimes with increasing accuracy, it is nessesary that we develop the
computational and interpretive tools to examine the experimental results. We present some
results of the non-Born-Oppenheimer calculations we have been doing for the last several years
and discuss some of the conceptual consequences of not invoking this approximation (for
example, the disappearance of molecular structure).

A Correlation Scheme for use with Exact Exchange Functionals in DFT

Mauricio Cafiero and Carlos Gonzalez

Computational Chemistry Group,
National Institute of Standards and Technology
Gaithersburg, MD

Conventional DFT correlation functionals have been shown to be incompatible with exact
exchange (that is, Hartree-Fock exchange). We present a simple scheme for modifying any
given combination of GGA DFT eXchange/Correlation functionals which recovers exact
exchange behavior and yields total XC energies at least as accurate as conventional GGA's in
the calculationof themochemical properties. The modification of GGA correlation functionals
used here is shown to be a self-consistant generalization of Becke's Correlation Scheme in his
Hybrid: B3PW91. Properties calculated include atomization energies, ionization potentials,
electron affinities, and total energies.
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Theoretical Study of Spin-Crossover in Model Ferrous
Compounds: Comparison of DFT and Ab Initio Methods for
Describing the Singlet and Quintet States of
[Fe(H,0)e]™ and [Fe(NHz)q]"*

Antony Fouqueau, Mark E. Casida
Université Joseph Fourier, Grenoble, FRANCE
Latévi Max Lawson Daku and Andreas Hauser
Université de Genéve, Geneva, SWITZERLAND

Tsonka Mineva
Institute of Catalysis, Sofia, BULGARIA
Frank Neese
Max Planck Institute, Mulheim, GERMANY
correspondence : Antony.Fouqueau@UJF-Grenoble.FR

Octahedral ferrous complexes can exist in both high-spin [HS : (tzg) (eg) ] and low-spin (LS:
(tzg) (eg) ] states. The two states have different magnetic properties and, not infrequently,
different colors. The transition from one state to the other can be induced thermally, by
pressure, or by light, all of which have interesting potential consequences for displays and
storage devices. Our particular ultimate interest is in light-induced excited spin-state trappmg
(LIESST [1]) Typical HS-LS separations in LIESST compounds are on the order of 100 em™” -
1000 cm™, offering a substantial challenge for any quantum chemical method, though the size
and presence of a 3d transition metal in typical LIESST compounds would seem to make DFT
the method of choice. We have assessed different functionals for their ability to give
meaningful HS-LS energy differences for [Fe(H,0)s]** and [Fe(NH3)s]**. We find that the
LDA overstabilizes the LS state compared to the HS state (“the DFT pairing energy problem”)
and this tendancy is often inherited by different GGAs. However some modern functionals
seem to be relatively free of the DFT pairing-energy problem. Some of our results have been
published [2] while others will soon be submitted [3].

[1] S. Decurtins, P. Giitlich, C. Kolher, and H. Spiering, Chem. Phys. Lett. 105, 1 (1984).

[2] A. Fouqueau, S. Mer, M.E. Casida, L.M. Lawson Daku, A. Hauser, T. Mineva, and F.
Neese, J. Chem. Phys. 120, 9473 (2004).

[3] A. Fouqueau, M.E. Casida, L.M. Lawson Daku, A. Hauser, and F. Neese, manuscript in
preparation.
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An AIM Characterization of the Neutral, Cationic and Anionic
Forms of trans- and cis-C;oH;,.

Norberto Castillo and Russell J. Boyd

Department of Chemistry, Dalhousie University, Halifax, N.S., Canada B3H 4J3

The synthesis of new conducting polymers has been shown to be an exciting area in chemistry
after the first report of conducting organic materials by Heeger, MacDiarmid and Shirakawa in
1997 for which they were awarded the Nobel Prize in Chemistry in 2000. The first studies on
conducting organic materials were carried out on polyacetylene. The trans and cis forms of
polyacetylene are semiconductor materials but when electrons are removed or inserted into
them, their conductivity increases by orders of magnitude. This paper reports an AIM study
based on the negative divergence of the quantum stress tensor of the neutral, cationic and
anionic forms of trans- and cis-C;ioH;,, in an effort to shed light on the electronic origin of the
conductivity. The effect of an electric field on all systems is also analyzed in terms of AIM
parameters. Hydrogen-hydrogen bonds were found in the cis polyacetylene systems and their
characterizations are reported.

A Multidimensional discrete variable representation basis obtained
by simultaneous diagonalization

Richard Dawes and Tucker Carrington Jr.

Département de chimie, Université de Montréal
Montréal, Québec H3C 3J7 Canada

Multidimensional DVR bases are usually constructed as a direct product of 1D DVRs.
Although restrictive and inefficient (Jarge numbers of functions are required), direct product
bases are advantageous computationally. In particular, the coordinate operator is diagonal,
leading to trivial evaluation of the potential energy contribution to Hamiltonian matrix-vector
products. We discuss how an efficient (smaller) non-product basis may be constructed in two or
more dimensions retaining maximal diagonality of the coordinate representations, and thus a
potential that is approximately diagonal. Eigenvalues are then computed using this
approximation. The effectiveness of this method is evaluated for some model 4D problems
using two dimensions for each contraction. Resuits will be discussed for stretch type problems
such as coupled Morse oscillators and skewed multi-well potentials, as well as for bend
problems using a basis of spherical harmonic functions. The success of this approach could
allow theorists to compute the spectra, rate constants etc, for systems beyond the reach of
conventional methods.
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Computational Modeling of Processes Leading to Self-Directed
Assembly on Silicon Surfaces: Progress Toward Hybrid Organic-
Silicon Nanostructure Formation

Gino A. DiLabio' and Robert A. Wolkow'?

!National Institute for Nanotechnology, National Research Council of Canada,
W6-010 ECERF, 9107 11 6" Street, Edmonton, AB T6G 2V4
Department of Physics, University of Alberta, Edmonton, AB T6G 2J1

We anticipate that hybrid organic-silicon nanostructures will underpin a new generation of
devices with enhanced functionality. In previous work,' we have demonstrated that styrene
molecules can undergo a self-directed, radical mediated growth process on hydrogen-terminated
Si(100) surfaces. The resulting molecular assemblies are covalently bound to the surface.
Nanostructure growth is initiated at predefined points and the extent of growth is controlled. We
have since refined our techniques for nanostructure formation with the help of computational
chemistry.2 In this presentation, I will review our recent efforts and highlight the role that
theory has played and will continue to play in our progress toward controlled nanostructure
formation on silicon surfaces.

1.“Self-Directed Growth of Molecular Nano Structures on Silicon” Lopinski, G. P.; Wayner, D.
D. M..; Wolkow, R. A. Nature 2000, 406, 48.

2.“Patterning of Vinylferrocene on H-Si(100) via Self-Directed Growth of Molecular Lines and
STM-Induced Decomposition” Kruse, P.; Johnson, E. R.; DiLabio, G. A.; Wolkow, R. A.; Nano
Lett. 2002, 2, 807. b) “Ring-Opening Radical Clock Reactions for Hybrid Organic-Silicon
Surface Nanostructures: A New Self-Directed Growth Mechanism and Kinetic Insights” Tong,
X.; DiL.abio, G. A.; Clarkin, O. J.; Wolkow, R. A.; Nano Lett. 2004, 4, 357. ¢) “A Self-Directed
Growth Process for Creating Covalently Bonded Molecular Assemblies on the H-Si(100)-3x1
Surface” Tong, X.; DiLabio, G. A.; Wolkow, R. A.; Nano Lett. 2004, ASAP Article.
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Superconvergent perturbation treatment of non-adiabatic
transports of Floquet states in the low-frequency limit.

T. Tung Nguyen-Dang, Frangois Dion, Catherine Lefebvre, Evgueni Sinelnikov

Département de chimie, Université Laval
Laval, Québec GIK 7P4, Canada

In a new formulation of Floquet theory (Jauslin, Guérin, Adv. Chem. Phys....), the quasi-static
picture emerges as the zero-frequency limit of the Floquet representation. For low, but finite,
non-zero frequency, non-adiabatic corrections to this zero-frequency Floquet representation can
be obtained by applying superconvergent perturbation techniques, yielding rapidly sucessive
higher-order adiabatic Floquet representations. We illustrate the procedure on two classes of
time-dependent, laser-driven systems, namely harmonic oscillators and two-level systems.
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Decoherence in an Anharmonic Oscillator Coupled to a Thermal
Environment: A Semiclassical Forward-Backward Approach

Yossi Elran and Paul Brumer

Chemical Physics Theory Group, Department of Chemistry,
and Center for Quantum Information and Quantum Control,
University of Toronto, Toronto, Ontario M5S 3H6, Canada

The decoherence of an anharmonic oscillator in a thermal harmonic bath is examined via a
semiclassical approach. A new computational strategy is presented and exploited to calculate
the time dependence of the purity and the decay of individual matrix elements in the energy
representation for a variety of initial states. The time dependence of the decoherence is found to
depend on the temperature of the bath, the coupling strength, the initial state of the oscillator,
and the choice of quantity measuring the decoherence. Recurrences in the purity and in the off-
diagonal matrix elements are observed, as well as the collapse of these matrix elements to the
diagonal, providing evidence for the retention of quantum coherence for time scales longer than
that indicated by the purity. The results are used to analyze the utility of the Caldeira-Leggett
and Redfield models of decoherence and to assess the dependence of dephasing rates on the
degree of structure in phase space. In several cases we find that the dephasing dynamics can be
described as an initial Zeno-effect regime, followed by a Caldeira-Leggett region, followed by
recurrences.

Reaction Path at room temperature:
Calculating the Free Energy Gradient

P. Fleurat-Lessard" and T. Ziegler2

!Ecole Normale Supérieure de Lyon, Laboratoire de chimie, 46 Allée d'ltalie,
68364 LYON Cedex 07, France
’Department of Chemistry, University of Calgary, 2500 University Drive,
Calgary, Alberta T2N 1N4, Canada

The free energy profile of a reaction can be estimated in Molecular Dynamic (MD) approach by
imposing a mechanical constraint along a reaction constraint (rc). Many recent studies have
shown that the temperature can greatly influence the path followed by the reactants. Here, we
propose a practical way to construct the reaction path directly on the free energy surface (FES)
at a given temperature. First, we follow the blue-moon ensemble method to derive the
expression of the free energy derivatives for a given RC. These derivatives are then used to find
the actual reaction path at finite temperature, in a way similar to the Intrinsic Reaction Path of
Fukui. Once this is known, one can calculate the free energy profile using thermodynamic
integration. We also show that the mass-metric correction cancels for many type of constraints,
making the procedure easy to use. Last, the path at O K and 300 K for the reaction: ethene +
dichlorocarbene — 1,2-dichloro-cyclopropane
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Global Optimization by Tabu Search in Descriptor Space
Rene Fournier

Chemistry Department, York University
4700 Keele Street, Toronto
Ontario, CANADA M3J 1P3
renef@yorku.ca

Many problems are formulated as global optimization of functions of many variables, for
example, predicting the structures of peptides or clusters, or drug design by maximizing scoring
functions. We devised a global optimization method called "Tabu Search in Descriptor Space”
(TSDS). It has certain features that distinguish it from most other optimization methods, like
simulated annealing (SA) and genetic algorithms (GA), and that make it especially suitable for
optimization of functions that are costly to evaluate, such as Kohn-Sham (KS) potential energy
surfaces. Test optimization runs on Lennard-Jones cluster geometries show that TSDS requires
ten to a hundred fewer energy evaluations to locate global energy minima than one of the best
variants of GA. This efficiency comes from three things:

1) TSDS implicitly simplifies the function by mapping all points in the variable space onto a
discrete subset of points (this is similar to "basin hopping"), and then mapping those points
onto a descriptor space that has fewer dimensions than the original variable space;

2) one can incorporate expert knowledge into TSDS without biasing the search;

3) TSDS uses all the information accumulated about the function since the beginning of the
search, not only information obtained in the last few steps.

The main drawbacks of TSDS are that: (a) the methods are not easily transferred from one type
of optimization problem to another (ie, optimizing the structure of peptides instead of clusters
requires substantial new computer code); (b) it requires at least a little "a priori" knowledge
about the function to be optimized; (c) it is truly efficient only when the computational cost for
one function evaluation is high (on the order of 100 million FLOPS or more, roughly). We will
show results of calculations where TSDS was combined to KS theory to study the structure of
clusters of Li, Be, Al, and Si, and discuss potential applications of TSDS/KS to other systems.
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A Bohmian total potential view to dynamics:
quantum effects go classical

Javier Gonzalez®, Marfa Fernanda Gonzalez®®,

Josep Maria Bofill®® and Xavier Giménez®®

Departament de Quimica Fisica™ and Departament de Quimica Orgc‘mica(b), Universitat de
Barcelona, Barcelona, Spain

Centre Especial de Recerca en Quimica Tedrica'®, Parc Cientific de Barcelona, Barcelona

The coherent-state wave packet dynamics of several model systems is analyzed in terms of
Bohm's total potential. The quantum dynamics has been obtained by solving the time-dependent
Schrodinger equation, and a method for obtaining the total potential from it, involving just
matrix algebra, has been proposed. Contrary to what one may expect, it is shown that the time-
and state-dependent features of the total potential admit a rationale, classical-like description of
quantum effects, leading to a unified picture, which is not critically dependent, as for the key
features, on the classical potential.

An outstanding feature is found to be the relation of the state system’s density amplitude and
sharpness (in its dependence with position) whit quantum effects. Sharp density profiles and
low densities cause the total potential to strongly depart from the classical value, in both time
regimes and position ranges, which provide a clearer, more deterministic view to quantum
dynamics. Free motion, as well as scattering processes by square and Eckart barriers, have been
analyzed by means of careful inspection of several time dependent snapshots, providing an
insightful picture of processes involving tunneling and antitunneling, including their dynamical
variant, as well as resonances and quantization.l

Another relevant fact is the possibility of tracking the time—development of quantum effects.
For instance, it has been obtained that the total potential, as originated by a free gaussian
wavepacket, dominates an important fraction of the collision event. Even when the packet is
traversing the classical potential barrier, and thus being strongly distorted from its original
gaussian shape, the total potential is strongly reminiscent of the free packet. This feature
prompts an interesting effect: since a free packet spreads as it travels towards the classical
barrier, and since the total potential is dominated by the effect of the free packet, one should
obtain a quantum transmission dependent on the initial distance between the packet and the
barrier. This should be so, for quantum effects are triggered by the total potential shape, and
the latter depends on the degree of spreading of the free packet. This type of quantum effect,
amenable of being experimentally tested, has been checked numerically, for both square and
Eckart one—dimensional classical barriers. It has been found that, under the proper barrier
dimensions and packet mean energies, the quantum transmission may vary, as a function of the
initial launching distance of the packet, up to 20% per Angstrom.2

[1] J. Gonzélez, J.M. Bofill and X. Giménez, J. Chem. Phys. 120, 10961 (2004).
[2] M.F. Gonzilez, J.M. Bofill and X. Giménez, J. Chem. Phys. (to be submitted).
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How do inert gas atoms affect molecular properties?.
Fritz Grein

Department of Chemistry
University of New Brunswick

Despite inert gases being usually quite ‘inert’, they may strongly affect molecular properties.
For example, in AlO the perpendicular component of the electron paramagnetic resonance
g-shift Ag (Ag = g - g.) has been observed to be -1900 ppm in Ne, -2600 ppm in Ar, and -5000
ppm in Xe matrices (1). The estimated gas-phase value is about -1450 ppm (2). The question is
what causes such matrix effects, and why they are especially pronounced in AlO. Since the
g-tensor depends mainly on spin-orbit coupling constants, the magnetic dipole moment and
excited state energies, one wonders which of these properties are changing, and which are
responsible for the matrix effect experienced by AlO and by other radicals.

Using second-order perturbation theory and MRCI wavefunctions (3) with explicit sum-over-
states expansions, the perpendicular component of the g-tensor was obtained for AlO
surrounded by 2, 4, 6, and 8 Ne or Ar atoms in different orientations and at a series of distances
from AlO. Depending on the number and location of the inert gas atoms, the g-shifts may
deviate widely from the gas-phase value. In general, but not always, they become more
negative, more so for Ar than for Ne, corresponding to the experimental observation.

For comparison, MRCI g-tensor calculations have been performed on the isovalent BO
molecule, surrounded by Ne or Ar atoms. Also, comparison will be made with DFT g-tensor
results for the same systems.

(1) L.B. Knight and W. Weltner, Jr. J. Chem. Phys. 55, 5066 (1971).

(2) P.J. Bruna and F. Grein, J. Phys. Chem. A 105, 3328 (2001)
(3) see, for example, G. H. Lushington and F. Grein, J. Chem. Phys. 106, 3292 (1997)
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Nonadiabatic Dynamics: Surface Hopping Schemes
and the Role of Coherence

Robbie Grunwald and Raymond Kapral

Chemical Physics Theory Group, Department of Chemistry, University of Toronto, Toronto,
Ontario, M5S 3H6, Canada

Mixed quantum-classical dynamics' (MQCD) provides a way of treating nonadiabatic
processes, where the Born-Oppenheimer approximation is invalid, in which a small set of
quantum degrees of freedom can undergo transitions between adiabatic surfaces as a result of
interactions with an environment that can be adequately described by classical mechanics.
Systems of this type arise in a variety of processes in the condensed phase or in biomolecular
systems, such as proton or electron transfer reactions or vibrational relaxation. Existing
approaches to solving these nonadiabatic problems are based on hopping between adiabatic
surfaces®** and are phenomenological in nature.

Starting from mixed quantum-classical Liouville dynamics a general master equation is derived
by application of projection operator techniques. By making a Markovian approximation, the
generalized master equation is reduced to a master equation that describes the dynamics of the
projected evolution of a density operator, providing a link to surface hopping schemes that
involve transitions among adiabatic quantum states. The transition probabilities in this master
equation satisfy detailed balance. A description of how quantum coherence and decoherence
manifests itself in the quantum subsystem as a result of interactions with the classical
environment can also be obtained through an analysis of this generalized master equation
formalism.

IR. Kapral and G. Ciccotti, J. Chem. Phys., 110, 8919 (1999).

25.C. Tully, J. Chem. Phys., 93, 1061 (1990)

’F. Webster, P. J. Rossky, and P. A. Friesner, Comput. Phys. Commun., 63, 494 (1991)
4L. Xiao, and D. F. Coker, J. Chem. Phys., 100, 8646 (1994)
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Molecular Dynamics Simulation Study of 1,2-Disubstituted
(Hydroxy- and Amino-) Ethanes: the Local Structure in Pure
Liquids and Their Aqueous Solutions

A.V. Gubskava and P.G. Kusalik

Department of Chemistry, Dalhousie University, Halifax, Nova Scotia, B3H 4J3, Canada.

This paper is a comparative computational study of the local structure of three widely used
representatives of 1,2-disubstituted ethanes, namely ethylene glycol (EG), ethylenediamine
(ED) and 2-aminoethanol (AE), in liquid state and their mixtures with water. Classical
molecular dynamics combined with three-dimensional atomic density maps, known as spatial
distribution functions (SDF’s), are the computational tools used in this study.

The present work consists of three parts. In the first part twelve molecular models were
designed and gas-phase simulations for each were carried out. The results obtained were
compared with the most reliable experimental estimates in order to test different force fields and
molecular representations. In the second part liquid-phase simulations were performed on the
most successful (AMBER/OPLS-based) models. The heats of vaporization and self-diffusion
coefficients were used as criteria for the final selection of molecular models to be employed in
the subsequent simulations of aqueous solutions.

In the third part a detailed structural analysis was performed. As an essential part of this analysis
the dihedral angle distributions were calculated and relative populations of isomers with respect
to the central dihedral angle were determined for pure EG, ED and AE, as well as their mixtures
with water, where four compositions of each compound were considered. It has been confirmed
that in the liquid phase the gauche conformation accounts for the major population of isomers
for EG and AE, while ED exhibits a significant population of ¢trans conformers. Additionally,
the first theoretical estimates of the compositional dependence of self-diffusion coefficients for
the aqueous solutions of EG, ED and AE were obtained. The analysis of radial distribution
functions in conjunction with calculated numbers of nearest neighbors around oxygen and
nitrogen atoms of the main functional groups provided some structural insights into the H-
bonding pattern of the systems studied. The number of strongly H-bonded neighboring groups
was determined and their possible positions were located by means of SDF’s. The possibility of
four-membered H-bond arrangements (comprised of two strong and two weak H-bonds) found
around oxygen and nitrogen atoms leads to the conclusion that in the liquid phase the
generalized H-bonding pattern for EG, ED and AE can be described as a three-dimensional,
branched network.
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Quantum-classical transition via a
generalized momentum operator

R. A. Mosna!, L P. Hamilton® and L. Delle Site®

'Instituto de Fisica Gleb Wataghin, Universidade Estadual de Campinas,
13083-970, Campinas, SP, Brazil.
’Department of Chemistry, Wilfrid Laurier University, Waterloo, Canada N2L 3C5.
*Max-Planck-Institute for Polymer Research, Ackermannweg 10, D 55021 Mainz Germany.

We propose a phenomenological approach to the quantum-classical transition via a generalized
momentum operator. This operator contains, in addition to the standard quantum expression, a
term which is a functional of the N-particle density. We show that this implementation has a
formal relationship with Witten's approach to supersymmetric quantum mechanics via
deformation of the exterior derivative.

Quantum-classical dynamics of proton transfer reactions in the
condensed phase

Gabriel Hanna and Raymond Kapral

Chemical Physics Theory Group, Department of Chemistry, University of
Toronto, 80 St. George Street, Toronto, Ontario M5S 3H6, Canada

Proton transfer is of great general importance to many processes in chemistry and biology.
Studies of proton transfer in the condensed phase require that one consider the dynamics of
quantum systems with a large number of degrees of freedom. However, it is not
computationally feasible to perform full quantum mechanical simulations of such systems.
Therefore, one is led to consider the dynamics of a quantum subsystem coupled to a classical
bath. An approach to studying such a composite system is quantum-classical molecular
dynamics (QCMD). The main idea is to treat a few crucial degrees of freedom (e.g. proton)
quantum mechanically and the rest of the system (e.g. solvent) classically. A simple model for
a proton transfer reaction in a linear hydrogen-bonded complex dissolved in a polar liquid
solvent will be investigated using QCMD. The rate constant for the adiabatic proton transfer is
computed using the reactive flux correlation function.
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A closer look at chemical reactivity and reaction mechanisms
using DFT-based reactivity indices
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