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8th Canadian Symposium on Theoretical Chemistry

Information on Poster Sessions

AT1 contributed papers will be given in two parts. A two-minute
summary of each paper will be presented in the Sir James Dunn Theatre of
the Dalhousie Arts Centre. The second part will consist of a poster
presentation in the designated area adjacent to the Theatre. Authors are
requested to take note of the following:

(a) An overhead projector will be supplied for the two-minute summaries.

(b) Authors are advised to use a maximum of four transparencies for their
mini-lectures.

(c) The first transparency should contain only the title, author(s),
affiliation(s) and number of the paper.

(d) Transparencies (view-graphs) should be designed to be readable under
normal conditions. Authors are encouraged to avoid overcrowding, small
printing and illegible writing.

(e) A supply of blank transparencies and pens will be available at the
registration desk for last-minute changes.

(f) The poster boards are approximately 1.2 m (4 feet) high and 2.4 m (8 feet)
wide. .

(g) A supply of tacks and tape will be available at the registration desk,
but authors with special requirements are requested to bring their
own supplies.

(h) Authors should remember that two minutes is not sufficient time to
present a complete account of their work. It is recommended, therefore,
that the mini-Tecture be viewed as an opportunity to attract the :
attention of the other participants. The subsequent poster presentation
provides an opportunity to describe the details.

Papers will be presented according to the following schedule:

Session Set-up Summaries Poster Take-down
P1 8:00-16:00 16:00-16:40 21:00-22:00 22:00 Mon.-
Monday Monday Monday 10:00 Tues.
P2 10:00-16:00 16:00-16:40 16:45-17:45 17:45 Tues.-
Tuesday Tuesday Tuesday 8:30 Wed.
P3 8:30-10:45 10:45-11:25 11:30-12:30 12:30-13:30
Wednesday Wednesday Wednesday Wednesday
P4 13:30-16:00 16:00-16:40 16:45-17:45 17:45 Wed.-
Wednesday Wednesday Wednesday 10:00 Thurs.
P5 10:00-16:30 16:30-17:10 17:15-18:15 18:15 Thurs.-
Thursday Thursday Thursday 13:00 Fri.



8TH CANADIAN SYMPOSIUM ON THEORETICAL CHEMISTRY
PROGRAI!1 FOR MONDAY, AUGUST 8, 1983

8:45-5:00 Introduction and official opening
R. J. Boyd, A. D. Bandrauk, D. D. Betts

SESSION A M. A. Whitehead, presiding

9:00-5:45 Triatomic Hydrogen and the Ammonium Radical,
G. HERZBERG, Mational Research Council of
Canada.

9:45-10:15 Many-valued Surfaces and Their Approximate

Single Valued Representation, J. HN. MURRELL,
University of Sussex.

10:15-10:45 Coffee Break
SESSION B J. S. Wright, presiding
10:45-11:15 Potential Energy Surfaces for the

Photochemical Reactions of Crganometallics, A.
VEILLARD, Universite L. Pasteur, Strasbourg.

11:15~11:45 Mechanisms of Catalatic Reactions, W. A.
GODDARD, III, California Institute of
Technology.

11:45-12:15 Oribting Resonance Model for Recombination

of Physisorbed Atoms, R. J. LEROY,
University of Waterloco.

12:15-13:45 Lunch

SESSION € R. F. Snider,,presiding

13:45-14:30 Remarks on "Quantum Chaos", P. PECHURAS,
Columbia University.

14:30-15:00 Dissociation and Intramolecular Dynamics, H.
SHAPIRO, The Weizmann Institute.

15:00-15:30 Coffee .

SESSION D F. E. Cummings, presiding

15:30-16:00 Electronic Transitions in Atomic and Molecular

Dymanic Processes, H. NARAMURA, Institute for
Molecular Science, Japan.

16:00~-16:40 Summaries of papers tc be presented in poster
format following the lecture of Professor R.
Hoffmann.

[0)}



PROGRAM FOR MONDAY, AUGUST 8, 1983 (continued)

L. C. Allen

Princeton University

J. Andzelm
University of
Alberta

[1.1.1] propellane

Model Potential Calculations on
Interaction Energies in Weakly Bonded
Systems.

D. Dao-Dehareng
Universite de Liege

C. &. Deakyne
College of the Holy
Cross

M. Dupuis
Lawrence Berkeley
Laboratory

A. R. Gregory
West Virigina
University

K. D. Jordan
University of
Pittsburg

S. Ranfer
Weizmann Institute

L. L. Lohr
University of
MMichigan

B. Maessen
University of
California

P. G. Mezey
University of
Saskatchewan

A. M. de P. Nicholas
Dalhousie University

Dynamical Study of Nonadiabatic
Unimolecular Reactions: The conical
Intersection between the B 4 B_ and
AzAl States o¢f H20+. 2

Bond Length Changes Resulting from
Halogen Substitution of Oxirane.

!

Multiconfiuration' Hartree-Fock Stud@es
of Molecular Electronic States and
Reaction Pathways.

The Formate Anion: An Ab initio Study
of its Structure, General Harmonic
Force Field and Fundamental Vibrational
Frequencies.

Ionization Potentials and Ele¢tron
Affinities of Small Carbon Clusters.

TBA

Theoretical Studies of the Gas-Phase
Proton Affinities of Molecules
Containing Phosphorus—~Carbon Multiple
Bonds.

Calculation of the Lower Vibrational
Energy Levels of Formaldehyde by a
Variational Method.

Towards Computer-aided Quantum Chemical
Synthesis Design.

The Stability of Open-Shell Species -
The Relative Net Stabilization Energy,
ASE* [R* ,RX], of Alkyl Radicals (R+) in
the Gas Phase



PROGRAM FOR MONDAY, AUGUST 8, 1983 (continued)

H. Mohira
Saitama University

J. M. Sichel
Universite de Moncton

R. W. Wetmore
University of Guelph

J. S. Wright
~Carleton University

D. Zeroka
Lehigh University

T. Ziegler
University of Calgary

R. T. Pack
Los Alamos

The Minimum Deformation of Orbital

Patterns. The Principle £for the
Unification of Fukui-Woodward-Hoffmann
Theory.

X a-SW Study of Molecular Chemisorption
of Oxygen on Silver.
7

TBA

MRD-CI Calculations of Potential

Surfaces Using Bond Functions.

Ligand Field Model of the Optical
Spectrum of Anhydrous CO(II)-Exchanged
Zeolite A.

A Theoretical Study of the Triple Bond
in Binuclear Compounds of Cr, Mo, and W,
by the Hartrez-Fock-Slater Transition
State Method.

First Quantum Corrections to Second
Virial Coefficients for Anisotropic
Interactions. Simple, Corrected
Formula.

SESSION E 'W. Siebrand, presiding

19:30-21:00 Some Advice on how Theoreticians can Interact
with Chemists, R. BOFFMANN, Cornell
University.

21:00-22:00 Poster Session.Pl (Complimentary refreshments
available in Room 401).



SESSION F

9:00-9:45
9:45-10:15

10:15-10:45
SESSION G
10:45-11:15

11:15-11:45

11:45-12:15

12:15-13:45
SESSION H
13:45-14:30

14:30-15:00

15:00-15:30
SESSION I
15:30-16:00

16:00-16:40

PROGRAM FOR TUESDAY, AUGUST 9, 1983

J. P. Laplante, presiding

Structure and Properties of the Liquid-Vapor
Interface of a Metal, S. A. RICE, University
of Chicago.

General Structure of Bistability in Far-From-
Equilibrium Dynamical Systems, R. XAPRAIL,
University of Toronto.

Coffee

R. Wallace, presiding

Comparison of Two-State Systems in Classical
and Quantized Electromagnetic Fields, J. O.
HIRSCHFELDER, University of Wisconsin and
University of California.

Laser~Modified Molecular Dynamics, T. F.
GEORGE, University of Rochester.

Stimulated Raman and Third-Order Nonlinear
Spectra at High Photon Densities, C.
MAVROYANNIS, National Research Council of
Canada.

Lunch

J. J. Raufmann, presiding

Theoretical and Computional Chemistry in
Large Chemical Systems: Biosystems in
Particular, E. CLEMENTI, IBM
Corporation, Poughkeepsie, N.Y.

Electronic Mechanisms in Enzyme Catalysis,
L. C. ALLEN, Princeton University.

Coffee Break

P. G. Mezey, presiding

Proteins and Differential Geometry, R. L.
SOMORJAI, National Research Council of
Canada.

Summaries of papers to be presented in voster
Session P2.



PROGRAM FOR TUESDAY, AUGUST 9, 1983 (continued)

B. G. Adams
University of
New Brunswick

D. Belford :
MNew York University

S.-I. Chu
University of
Kansas

P. Csavinszky
University of Maine

P. F. Endres
Bowling Green
State University

W. Forst
Laval University

G. Fritzsch
Max=-Planck=-Institut
Frankfurt

H. Fujimoto ’

RKyoto University

F. H. Horne
Michigan State
Ufiversity

C. Jaffe
University of
Toronto

U. Kaldor
Tel-Aviv University

J. J. Raufmann
Johns Hopkins
University

K. Ritaura .
Osaka City University

Quasi-Degeneracy Effects and Coupled-
Pair Analysis of the Ground State Energy
of the Be Isocelectronic Seguence.

Effect of the Non-Additive Energy
Contribution to Preferred Orientations
in Water Clusters.

New Development in Floguet Theory and
Quasi-Energy iHethods for Intense Field
Multiphoton Processes.

Gradient Expansion Correction to the
Dirac Exchange Term in Statistical
Models of an Atom.

Molecular Dynamics Studies of wvan
der Waal's Clusters.

Relazxation of Internal Energy Following
Laser Excitation.

An Analysis of Enzyme Inactivation
Exhibiting Biphasic Time Courses.

Elucidation of Reactive Regions in
Molecules.

Analytical Sclutions of the Linearized
Poission-Boltzmann Equation for Various
Axial Ionic Strength Distributions in
Cylindrical Membrane Pores.

The Classical Limit of the Wigner
Formulation of Quantum Mechanics.

Degenerate Many-body Perturbation
Theory: Excited and Ionized States
of Np.

Three-Dimensional Electrostatic
Molecular Potential Contour Maps.
A. Sterecelectronic Reguisites for
Biomedical Molecules.

B. Cationic Polymerization.

Effective Fragment Potential for
Large Molecules.

10
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PROGRAM FOR TUESDAY, AUGUST 9, 1983 (continued)

J. P. Laplante
Royal Military
College, Xingston

T. T. Nguyen-Dang
Universite de
Sherbrooke

S. #. M. Nilar
University of Alberta

P. Pyykko

University of
Helsinki

H. B. Schlegel
Wayne State University

D. Schuch
Frankfurt (Main)

J. M. Ugalde -~
Dalhousie University

16:45-17:45

Oscillating Photochemical Reactions:
Study of the 9,10 Dimethvl Anthracene/-
Chloroform System.

The 'Dressed' Molecule Picture of Strong
Field Dynamics.

A Theoretical Simulation of Interactions
in Transmembrane Ionic Channels.

Quantum Chemistry Without Basis Sets:
Hartree-Fock-3later and Hartree-Fock
Calculations on Diatomic Molecules.

Ab Initio Molecular Orbital Studies on
Carbene and Silylene Insertions into
Single Bonds.

Nonlinear Schrodinger-Type Field
Equation for the Description of

Frictionally Damped Free tflotion

and Free Fall.

Angular Aspects of the Fermi Hole
in Atoms.

Poster Session P2

11



PROGRAM FOR WEDNESDAY, AUGUST 10, 1983

SESSION J
9:00-5:45

M. 2. Zgierski, presiding

Theoretical Concepts in the Physics of

Conducting Polymers, M. J. RICZ, Xerox
Webster Research Center.

9:45-10:15

Electron Correlation Effects in Large

Molecules with Conjugated Bonds,

A.

OVCEINNIROV, Institute

of Chemical Physics, Moscow.

10:15-10:45
SESSION X

10:45-11:25

Coffee Break
N. C. Baird, presiding

Summaries of papers to be presented in Poster

Session P3.

W. H. Adams
Rutgers University

J' Ali
McGill University

X. BE. Banyard
Leicester University

A. D. Becke
Dalhousie University

B. L. Clarke
University of Alberta

T ‘ ’\ -
K.-¥. Fu
Bedijing Normal
University

N A\

M. P. Herman
Tulane University
K. Hirao

Nagoya University

S. Larsson
University of Lund

Theory.

Convergent or Divergent? Perturbation
Calculations on the Interaction of Het
with H*.

Bifurcation and Nonlinear Mobilities
of Carriers in Semiconductors.

Electron Correlation Effects in (a)
the 21s, 235, 2lp and 237 States of
Helium and (b) the ¢S and 4P States
of Some Lithium-=like Ions.

Local Exchange-Correlation
Approximations and First-Row
{lolecular Dissociation Energies.

Qualitative Dynamics of Chemical Reaction
Networks Using Computer Programmed

Ihvestigétion of HYdrogen'Bonds Between
CH30H and CH3CN, CH3NC, CH3F, H20 By
Ab Initio SCF MO Method.

Recent Studies Concerning the Semi-
classical Theory of Non-Adiabatic
Transitions.

Direct Cluster Expansion Method.

Electron Transfer in Solids, Liguids
and Biological Systems.

12
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PROGRAM FOR WEDNESDAY, AUGUST 10, 1983 (continued)

G. Natanson
University of Chicago

S. Raynor

Rutgers University

P. Sazxe
Aberdeen Proving

‘Grounds

V. H. Smith, Jr.
Queen's University

A. J. Thakkar
University of
Waterloo

D. R. Truax
University of Calgary

D. M. Wardlaw
California Institute
of Technology

M. A. Whitehead
McGill University

D. L. Yeager

Texas. A&M University
A. Yee )

Wesleyan University

11:30-12:30

12:30~13:45 Lunch

The Quantum States of a ¥
Rarefied Fluid of Spinles

Deviations from the Linear Mixture
Rule in N¥Monequilibrium Chemical
Rinetics.

Unimolecular Reactions of detry ene
Amidogen (CH,N).
Momentum Space Properties of Atoms

and Molecules.

High Energy Electron Scattering from
Molecules.

Discrete and Continuum States for the

Quantum Mechanical Forced Oscillator.
Vibrational Spectra from Semi-Classical
Mechanics.

Electronegativity.

Multiconfigurational Electron Propagator
(MCEP) Ionization Potentials for General
Open Shell Systems.

The Complete Basis Set Correlation
Energy of Neon.

Poster Session P3

SESSION L W. G. Laidlaw, presiding

13:45-14:30

Classical Liouville Mechanics and Relaxation

Dynamics, P. BRUMER, University of
Toronto.

14:30-15:00

Electron Thermalization in Inert Gases, B.

SHIZGAL, University of British Columbia.

15:00~-15:30

Coffee Break

13



PROGRAM FOR WEDNESDAY, AUGUST 10, 1983 (continued)

SESSION M M. C. Zerner, presiding

15:30-16:00

CI and MCsCr Methods'Applied to Ground

and Excited States of Molecules. Spin-
orbit Studies on Cl;, F. GREIN,
University of New Brunswick

16:00-16:40

Summaries of papers to be presented in

poster Session P4.

J. S. Binkley
Sandia National
Laboratories

E. S. Campbell
New York University

C. A, Chatzidimitriou-
Dreismann
Berlin

C. L. Davis
University of F1orlda

G. S. Ezra
Cornell University

W. M. EBuo
NASA-Ames Research
Center

K. Ishida
Florida State
. University

B. R. Johnson
University of
Colorado

/6. Nomura
Saitama, Japan ’

P. D. Pacey
Dalhousie University
M. Page

Aberdeen Proving
.Ground

Heats of Formation of Radical Species
Using the BAC-MP4 Method.

Multibody Energy-components for Clusters

of Water Molecules and Ice Ih.

Microscepic Theory of Relaxation and
D~Fluctuations in Condensed Matter -
Experimental Applications.

Elimination of Nonlinear Optimization
in Quantum Chemistry with Singularity-
Matching Basis Functions.,

Adiabafﬁc Approximation for Coupled
Oscillators - A Numerical Study.

Theoretlcal Study of the Two~§h0ton
Agsorptlon Cross-Section of X
in NO.

Molecular Integrals Arising in the
Linear Response Theory of van der
Waals Forces.

Large=-Qrder Perturbaticn Theory in
the Stark-Zeeman Effect for Parallel
Fields.

Proton Affinity of Germane (GeH,).
Two-Dimensional Hindered Rotations in

Activated Complexes.

Toward Accurate Characterization of
Potential Energy Surfaces Analytical

.Gradient for a Selected Reference

MCSCF/CI Wave Fuanction.

14
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PROGRAM FOR WEDNESDAY, AUGUST 10, 1983 (continued)

G. A. Petersson
Wesleyan University

E. Radzio-Andzelm

University of Alberta

M. L. Sage
Syracuse University

E. B. Stechel

. Sandia National

Laboratories

M. Takahashi
University of
Waterloo

B. Waite
United States Naval
Academy

R. Wallace
University of
Manitoba

H. éhojnacki

Institute of Organic
and Physical Chemistry
Poland

The C : is Set Correlation
Energy of H,0.

Reliable Gaussian Basis Sets for
Calculations of Interaction Energies
in Systems of Closed-Shell Atoms.

Large Amplitude Vibrations: Coupling
Between a Stretch and a Bend.

Quantum Chacs and a CQuantum Measure
Space.

Local Finite Order Perturbation Theory
Approach to Bond Length Alternation in
Cyclic Polyenes.

Mode~Specificity in HNC + HCN
Unimolecular Isomerization: A
Classical + Tunneling Model.

Large Amplitude Vibration in Polyatomic
Molecules. A Polar Representation of
Orthogonal Relative Coordinates.

Molecular Orbital Formalism for Atom-
Antiatom Systems.

16:45-17:45 Poster Segsion P4

15



SESSION N
9:00-9:45

9:45-10:15
10:15-10:45
SESSION O

10:45-11:15

11:15-11:45
11:45-12:15
12:15-13:45

SESSION P
13:45-14:30

14:30-15:00

15:00-15:30
SESSION Q
15:30-16:00

16:00~-16:30

16:30-17:10

PROGRAM FOR THURSDAY, AUGUST 11, 1983

D. M. Bishop, presiding

Aspects of Density Functional Theory, R. G.
PARR, University of North Carolina.

TBA

Coffee Break

D. Salahub, presiding

Relativistic Quantum Chemistry: Some
Recent Results, P. PYYRKO, University of
Helsinki and Abo Akademi.

Model Potential Method in Molecular
Calculations, S. HUZINAGA, University
of Alberta. :

Dirac-Fock=Roothaan SCF Wavefunctions for
Atoms and Molecules, G. MALLI, Simon
Fraser University.

Lunch

V. H. Smith, Jr., presiding

The Quantum Mechanical Theory of Collision
Induced Dissociation and Three Body
Recombination Processes Using Leccal Hyper-
spherical Surface Functions, A. RKUPPERMANN,
California Institute of Technology.:

Calculations on Resonances Using Complex Basis
Function Methods: What Happened to the
Complex Coordinates Idea? C. W. MCCORDY,

Ohio State University.

Coffee Break

K. E. Banyard, presiding

Siegert Quantization, Complex Rotation and
Molecular Resonances, R. LEFEBVRE, Orsay.

Aspects of Nuclear Dynamics in Negative Ion
States, W. DOMCRKE, University of Helidelberg.

Summaries of papers to be presented in poster
Session PS.

16
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PROGRAM FOR THURSDAY, AUGUST 11, 1983 (continued)

F. G. Amar
Columbia University

D. Belford
New York University

SC-I' ChLl
University of Kansas

F. E. Cummings
Atlanta University

R. L., Flurry
University of
New Orleans

A. D. Isaacson
Miami University

J. J. Raufman
Johns Hopkins
University

M. Klobukowski
University of Alberta

Z. C. Kornblum
Cooper Union

W. G. Laidlaw
University of Calgary

W. L. Luken
Mississippi State
University

G. A. Natanson
University of Chicago

R. B. Shirts
University of
Utah

N. Snider
Queen's University

Reaction Dynamics and the Cage Effect
in Microclusters of BryAry.

Lower Order Non-Additive Dispersion
Multipoles. :

Complex-Coordinate Coupled-Channel
Methods for Rotational Predissociation
of van der Waals Molecules and
Autoionization of Quasi-Landau States.

Properties of Hydrogenic Momentum
Wavefunctions. :

Apparent R(4) Symmetry in the Singly-
Excited States of Helium.

Practical Methods for the Calculation
of Resonance Lifetimes.

Prediction of Crystal Densities Using
Ab-Initio Potential Functions From
Energy-Partitioned Ab-Initio MODPOT/-
VRDDO Intermolecular SCF Calculations
Plus Dispersion.

Multiconfiguration Model Potential
Calculations on Diatomic Halides and
Halogen Hydrides.

Structure and Lennard-Jones Potential

Functions of the Carbon Monoxide Dimer
From Semiempirical MNDOr Computations.

Instability in Porous Media Floods.

Localized Orbitals Based on the Fermi
Hole.

On Dynamical Symmetry of Molecular
Systems in the High-Barrier Limit.
A Classical Model of Absorption and
Emission of Radiation in an Intense

IR Laser Field.

Deductions from the Master Equation
for Chemical Activation.

17



PROGRAM FOR THURSDAY, AUGUST 11, 1983 (continued)

D. I. Sverdlik
City University
of New York

S. Takata
Toyama Technical
College

G. Turcotte
Universite de
Sherbroocke

Jd. T. Waber
Northwestern
University

M. 2. Zgierski
National Research
Council of Canada

17:15-18:15

Thermal Rate Constants - Relating

"£o Some Curiosities of Their

Temperature Dependence.

Non—-Empirical Approximate SCF
Calculation of Butadiene.

Photodissociation Angular
Distributions of Diatomics in
Intense Fields.

Correlation in Exotic Molecules
Using Second-Crder Many-Body
Perturbation Theory for Assessment.

Temperature Dependence of Hydrogen
Transfer Rate Constants.

Poster Session PS5



SESSION R

9:00-9:45

9:45-10:15

10:15-10:45
SESSION S
10:45-11:15

11:15-11:45
11:45-12:15

12:15-12:30
12:30-12:40

PROGRAM FOR FRIDAY, AUGUST 12, 1983

W. Forst, presiding

Local and Normal Vibrational Modes,
M. S. CHILD, Oxford

The Local Mode Model: A Sensitive
Experimental Test for Molecular Orbital
Theory, B. R. HENRY, University of
Manitoba.

Coffee Break

S. D. Peyerimhoff, presiding

Multiconfiguration SCF and Multireference
CI Calculations of Bond Breaking in
Molecules, I. SHAVITT, Ohio State
University.

Latge Scale Calculations on Small Molecules,
N. C. HANDY, Cambridge.

Supercomputers and Their Performance, D. M.
STEIN, IBM, Yorktown Heights.

Summary of Session S.

Concluding comments, V. H. Smith, Jr.
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Barry G. Adams

(p2-1)

William E. Adams

(p3-1)

Jaleel Alil

(P3-2)

L. €. Allen

(L-TLI, Pl1-1)

Joseph S. Alper

Francois G. Amar

(P5-1)

Jan Andzelm

(P1-2)

N. Colin Baird

(C-W)

Andre D. Bandrauk

(Co~-chairman)

Renneth E. Banyard

(C-Th, P3-3)

Axel D. Becke

(P3-4)
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David Belford

(p2-2, P5-2)

Ilan Benjanmin

J. S. Binkley

(pP4-1)

David M. Bishop

(C~-Th)

Russell J. Boyd

(Co=-chairman)

Paul Brumer

(L-w) -

Edwin S.-¢$h§bell
(P4-2)

C.A. Chatzidimitfiou-
Dreismann

(P4-3)

M. S. Child

(L-F)

S. C. Choi

H. Chojnacki

(P4-~-19)
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Shih-I Chu
(p2-3, P5-3)

Bruce L. Clarke

(p3-5)

Enrice Clementi

(L-Tu)

Peter Csavinszky

(P2-4)

Frank E. Cummings

C. F. Curtiss

D. Dao=-Dehareng

(P1-3)

Cynthia L. Darling

Chriétopher L. Davis

(P4-4)

Carol A. Deakyne

(P1-4)

' R. N. Diffenderfer

22

Department of Chemistry
University of Kansas

" Lawrence, X35 66045

UCSOA.

Department of Chemistry
University of Alberta
Edmonton, Alta T6G 2G2
CANADA

IBM Corporatiocn

Dept D55/Bldg. 986-2
Poughkeepsie, N.Y. 12602
U.S.A.

Department of Physics
University of Maine
Orono, ME 04469
U.S.A.

Department of Chemistry
Atlanta University
Atlanta, GA 30314
CANADA

Theoretical Chemistry Inst.

University of ¥Wisconsin
Madison, WI 33706
UQSGAG

Institute de Chimie
Universite de Liege
B-4000 Liege
BELGIUHM

31 Yaple Avenue
Yardley, PA 15087
U.S.A.

Quantum Theory Project
University of Florida
Gainesville, FL 32611
U.S.A.

Department of Chemistry
College of the Holy Cross
Worcester, MA 01610

" U.S.A.

Department of Chemistry
Ohio State University
Columbus, OH 43220
U.S.A.



Thomas W. Dingle

Randall S. Dumont

Michel Dupuis

(P1-5)

Ken Edgecombe

Paul F. Endres

(P2-5)

Gregory S. Ezra
(P4-5)

R. L. Flurry, Jr.
(P5-5)

W. Forst

Gunter Fritzsch

(P2-7)

Xiao-Yuan Fu

(P3-6)
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Hiroshi Fujimoto

(P2-8)

Thomas F. George

(L=-Tu)

John D. Goddard

W. A. Goddard III

(L-M)

Allan R. Gregory
(P1-6)

Fritz Grein

(L=-W)

Eugene M. Grivsky

Daniel Gruner

Hans H. Gunthard

N. C. Handy

(L-F)

M. J. Harrison
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K. Hashimoto

Bryan R. Henry

(L-F)

Michael P. Herman

(P3-7)

Gerhard Herzberg
(L-11)
Kimihiko Hirao

(P3-8)

J. 0. Hirschfelder

(L-Tu)

G. Ludwig Hofacker

Roald Hoffmann

(L-M)

F. H. Horne

(P2-9)

Winifred M. Huo

(P4-6)

S. Huzinaga

(L-Th)
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Alan D. Isaacson

(P5-6)

Razuhiro Ishida

(p4-7)

Charles Jaffe

(P2-10)

Bruce R. Johnson

(P4-8)

Renneth D. Jordan

(P1-7)

K. Jug

Uzi Raldor

(P2-11)

Sheldon Ranfer

(P1-8)

Raymond Rapral

(L-Tu) -

Roy Rari

Michael Rasha
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Joyce J. Raufman

(C-Tu, P2-12, P5-7)

Razuo Kitaura

(P2-13)

Mariusz Xlobukowski

(P5-8)

Zvi C. Kornblum

(P5-9)

Aron Ruppermann

(L-Th)

William G. Laidlaw

(C-w, P5-10)

Jean-Pierre Laplante

(C-Tu, P2-14)

Sven Larsson

(P3-9)

Clement Lau

R. Lefebvre

(L-Th)

R. J. LeRoy

(L_L'I)

Department of Chemistry

- The Johns Hopkins University

Baltimore, MD 21218
U.S‘Al

Department of Chemistry
Osaka City University
Sumiyoshi-ku, Osaka 558
JAPAN ‘

Department of Chemistry
University of Alberta
Edmonton, Alta T6G 2G2
CANADA

School of Engineering
Cooper Square

New York, M.¥. 100C3
U.S.A.

Department of Chemistry
California Inst of Technology
Pasadena, CA 91125

U.S.A.

Chemistry Department
University of Calgary
Calgary, Alta T2N 1N4
CANADA

Department of Chemistry
Royal Military College
Kingston, Ont. K7L 2W3
CANADA

Department of Chemistry
University of Lund
S$-22007 Lund

SWEDEN

Department of Chemistry
HMcMaster University
Hamilton, Ont. L8S 4M1
CANADA

Lab de Photophys Moleculaire

- Campus d'Orsay
91405 Orsay

FRANCE

Department of Chemistry
University of Waterloo
Waterloo, Ont. N2L 3Gl
CANADA



Ernest M. Loebl

Lawrence L. Lohr

(P1-9)

William L. Luken

(P5-11)

Barbel Maessen

(P1-10)

Gulzari Malli

(L-Th)

C. Mavroyannis

(L=-Tu)

C. W. McCurdy

(L-Th)

Paul G. Mezey

(C-Tu, P1-11)
J. M. Murrell

(L-M)

Hiroki Nakamura

(L-M)
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Grigory A. Natanson

(p3-10, P5-12)

T. Tung lguyen-Dang
(P2-15)

A. M. de P. Nicholas
(P1-12)

S. H. M, Nilar
(P2-16)

Hiroyuki Nohira

(P1-13)

Okio Nomura

(P4-9)

Young Gie Ohr

A. A. Ovchinnikov

(L-%)

P. D. Pacey

(P4-10)

Russell T. Pack

(P1-19)

Michael Page

(P4-11)
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Robert G. Parr

(L-Th)

Philip Pechukas
(L-M)

George A. Petersson

(P4-12)

S. D. Peyerimhoff
(C-F)

Gary V. Pfeiffer

Pekka Pyykko

(L-Th, P2-17)

E. Radzio~-aAndzelm

(P4-13)

Susanne Raynor

(P3-11)

William C. Rhodes

M. J. Rice
(L-W)
S. A. Rice

(L-Tu)
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Martin L. Sage
(P4~-14)

Dennis Salahub
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Paul Saxe

(p3-12)

H. B. Schlegel
(P2-18)

Dieter Schuch

(P2-19)

Moshe Shapiro

(L-M)

Isaiah Shavitt

(L-F)

Randall B. Shirts

(P5-13)

Bernard Shizgal

(L-W)

John Sichel
(P1-14)

Willem Siebrand

(C-M)
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Vedene H. Smith, Jr.
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Neil Snider
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R. F. Snider

(C-M)

R. L. Somorjai

(L-Tu)

Lawrence C. Snyder
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(P4-16)

Shunji Takata

(P5-16)

Ajit J. Thakkar

(P3-14)

D. Rodney Truax

(P3-15)

Gilles Turcotte

(P5~17)

Jesus M. Ugalde
(p2-20)

Alain Veillarzd

(L-t1)

James T. Waber

(P5-18)

Boyd Waite

(P4-17)
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(P3-16)
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(P1-15)
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Danny L. Yeager

(P3-18Y)

Arnold Yee

(P3~19)

Michael C. Zerner

(C-t)

Daniel Zeroka

(P1-17)

M. 2. Zgierski

(C-W, P5-19)

Tom Ziegler

(P1-18)
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Quasi~degeneracy Effects and Coupled-Pair Analysis

of the Ground State Energy of the Be-isoelectronic Series

B. G. Adams K. Jankowski
Department of Chemistry Institute—of Physics
University of New Brunswick ’ Nicholas Copernicus University
Fredericton, N.B. E3B 6E2 87-100 Torun
CANADA . POLAND

ABSTRACT

The CI method with doubly-excited configurations (D-CI) and the
analytic form of the LS-adapted coupled-pair many-electron theory (CPMET)

- 2
are applied to the ground state of the members Li , Be, B+, C'+, Ne6+.

Ar14+, Zn26+ of the Be-isoelectronic series. Special attention is given

to the reliability of coupled-pair ﬁethods for both positive and negative
ionic systems. The impact of disconnected quadruply-excited configurations
is significant for Li and decreases considerably for the positive ions

in the series. The present single reference state results indicate

that coupled-pair methods are considerably more accurate in the presence

of quasi-degeneracy than perturbation theory. It is also emphasized

that the description of quasi-degeneracy effects should take into account

both the emergies of the configurations involved and the relative

magnitudes of these configurations in the wavefunction.



Convergent or Divergent? Perturbation Calculations
on the Interaction of He* with H =*

William H. Adams and Carol A. Venanzit
Department of Chemistry
Rutgers University
New Brunswick, NJ 08903, U.S.A.

We shall consider the results we have obtained in
applying two symmetry adapted perturbation theories to the
problem of ground state He* interacting with ground state H.
One theory belonged to the Eisenschitz-London <class of
perturbation theories, the other to the Hirschfelder~Silbey
class. The calculations were carried through third order in
the wave functions within the configuration interaction
approximation using 424 two-electron basis functions. We
made an unconventional choice for the zero-order Hamiltonian
He, The conventional H° 1s the sum of the atomic
Hamiltonians. We have found that when the conventional H°®
is used, the interaction energies calculated for the singlet
state are grossly 1inaccurate at a nuclear separation R of
5.0 bohrs. In addition, -we have proved that wusing the
conventional H®° causes the Hirschfelder-Silbey type theory
to diverge at all finite R for both the singlet and triplet
states, and causes the Eisenschitz-London type theory to
diverge at all R for the singlet state. The divergent
nature of .the expansions is manifest in the wave functions
at 10.0 bohrs even though the 1interaction energies are
reasonably accurate. The unconventional H®°, used in the
present calculations, was chosen so that its lowest several
eigenstates were 1in one-to-one correspondence to those of
the full Hamiltonians. We are analyzing these -new results
using the same mathematical and numerical methods that we
applied to the results we obtained with the conventional H®,

*This research was supported in part by National Science
Foundation grant No. CHE78-10176.

+Present address: Department of Chemical Engineering and
Chemistry, New Jersey Institute of Technology, Newark, NJ
07102, U.S.A.
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BIFURCATION AND NONLINEAR MOBILITIES OF CARRIERS
IN SEMICOMNDUCTORS :

JALEEL ALI AND BYUNG CHAN EU

pepartment of Chemistry, McGill University
Montreal, Quebec, Canada H3A 2X6

Space charge oscillations in the Gunn oscillators, e.g., Gaas,
are believed to be due to the negative differential mobility of
carriers. KXroemer (1) proposed an empirical formula for drift velo-
city, and attempts have been made in the past to derive non-Chmic '
drift velocities and negative differential mobilities by using a
linearized Boltzmann equation which was solved approximately by a
displaced Maxwell asstribution function (2). In view of the fact
that non-Ohmic behavior is due to nonlinear effects in the transpoxt
process, the displaced Maxwellian method is not satisfactory. An
alternative theory will be presented. R pair of nonlinear evolution
equations (3) for conduction currents of carriers are deduced from
nonlinear Boltzmann equations for transport processes. Theirx
solution provides drift velocities. The equations have cuble
nonlinearities and can have three steady states, depending on
parameters in the equations and the electric field strength E. One
steady state is stable below the critical field E, and shows an Chmic '
behavior only at sufficiently low fields, becoming non-Chmic as E
increases; it becomes uns}able,@pd_ﬁén—ohmic;fbr E> E,. As E.
crosses- E_, there appear two additional steady states. One of thenm,
which corresponds to a negative differential mobility characteristic,
is stable for E > Ec, whereas the other is unstable in the region '

E, & E { E,, but eventually becomes stable in a manner reminiscent
of a pitchfork bifurcation that contains an unstable portion in the
upper bifurcated branch. This branch therefore has a switching as
well as a hysteresis effect. The nonlinear drift velocity calculated
compares well with the experimental data by Xabashima et al. {(4).
whan parameters in the eguations are changasd, there also appear
oscillatory solutions, and the corresponding entropy production
becomes oscillatory. The bifurcation phanomena and oscillatory solu-
tions will be discussed and the numerical results thereof will be

presented.

1. H. Kroemer, Proc. IEEE 52, 1736 (1952). _
5. Pp.N. Butcher, Repts. Prog. rhys. 30, 97 {1963).
5. B.C. Eu, J. Chem. Pays. 76, 2618 (1932);
B.C. Eu and A.S. Vagh, Phys. Rev. B 27, 1037 (1983).
4. S. Xabashina, H. vamazaki and T. Xawakubo, J. Phys. Soc. Japan

40, 921 (1976) .



ELECTRONIC MECHANISMS IN ENZYME CATALYSIS

Leland C. Allen
Department of Chemistry
Princeton University
Princeton, NJ 08344

Abstract

Although the type of reaction catalyzed by most simple enzymes,
as well as their kinetics and general properties,have been known for
some time, only limited knowledge has been obtained concerning the
catalytic role of active site residues and the nature of their inter-
mediates and transition states.

We are employing ab initio electronic structure computations
to address this latter problem and we have obtained results for several
enzymes including chymotrypsin, RNase A, and carbonic anhydrase. In
this talk we will focus attention on the electronic mechanism in the
zinc metalloenzyme, carbonic anhydrase.

From the studies to date, it is possible to suggest a few
- general principles. Similarities and contrasts between biological cata-

lysts and those typically employed in research and industrial chemistry
will be brought out also.

{1.1.1]PROPELLANE

James E. Jackson and Leland C. Allen
Department of Chemistry
Princeton University
Princeton, N.J.085344

ABSTRACT

Wiberg and Walker have recently synthesized [l.l.1l]lpropellane, Aé&;
the meost strained organic molecule known to be stable at room tem-
perature. Although each of the two bridgehead carboms, C; and C3,
possess inverted configurations, they are separated by a normal
carbon-carbon single bond distance (1.54 &) and are stable against
formation of the diradical by 65 kecal/mol. We have applied ab initio
electronic structure methods to investigate the C;-C3 bond and find a
novel, non-axial orbital arrangment which we term G bridge m. This bond-
ing pattern appears characteristic of inverted configurations held together
by short bridges and we show that 1,3-diborabicyclo{l.1.1]pentane,
contains a BB bond almost identical to that in [l.1.1]}propellane. Lo\ '®
An unusually short BB separation of 1.61 A is predicted. Although bi-
cyclo{l.1l.1l]pentane and 1,3 diazabicyclo{l.l.1l]pentane do not formally
possess 1-3 bonds, their 1,3 separations are considerably shorter than ex~
pected for non-bonded interactions (computed to be 1.87 and 1.96 A, res-
pectively). Both molecules retain some ¢ bridge 7 character.
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REACTION DYNAMICS AND THE CAGE EFFECT
IN MICROCLUSTERS OF BrzArN
Francois G. Amar and Bruce J. Berne
Departmefit of Chemistry, Columbia University
New York, New York - 10027

ABSTRACT: We present the results of a molecular dynamics
trajectory study of the photodissociation/recombination reaction
of Br_ in argon clusters with between 8 and 54 argon atoms (less
than dne to two solvent shells). 1Initial conditions of the
clusters correspond to the cold, collision-free regime obtainable
in a supersonic molecular beam. Following excitation of the Br2'
to the dissociative continuum several outcomes are possible,
including dissociation of the Br » caging and recombination of
the diatomie, and caging followe% by solvation of the Br radicals
Dy the argon atoms. The influence of cluster size on the cage
effect is discussed as is the effect of varying the temperature
and the initial excitation conditions. We compare our results to

"liquid phase and matrix studies of this type of reaction.

Stagnation of vibrational relaxation of recombined Br. is
observed in clusters as it is in the liquid phase. T%e mechanism
of the relaxation is discussed and the stagnation phenomenon
interpreted in terms of a sliding nonlinear resonance effect.
Finally, lifetimes of the clusters are calculated in order to
assess the feasibility of detailed experiments on these species.



Mcdel Potential Calculations on Interaction Energies
in Weakly Bended Systems

Jan Andzelm
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada and
Department of Chemistry, Agricultural and Teachers University, Siedlce,Poland

" Sigeru Huzinaga, Mariusz Klcbukowski and Elzbieta Radzic-Andzelm
Departrent of Chemistry, University of Alberta, Edmonton, Alberta, Canada

Model potential (MP) method developed by Huzinaga et al. has been applied
to studies on interactions in weakly bonded systems. The MP parameter optimi-
zation procedure has been modified so as to put greater emphasis on accurate
representation of the outer part of valence orbitals and consequently to ensure
reliable description of valence atcmic region which is proved to be very impor-
tant for good reproduction of interaction energies in weakly borded systems.

The present results for hemonuclear pairs of inert-gas atoms up to xenon
compare very well with those of accurate all-electron calculations.

The intermolecular correlation effects have been also included by calculat-
ing dispersion term using pseudo-valence orbitals with both the Epstein-Nesbet
and the M#ller-Plesset definitions of the unperturbed hamiltonian.

The MP SCF results augmented with dispersion energy (Epstein-Nesbet scheme)
agree well with the experimental ones.

Tre method described above has been also applied to investigations of the
non-additive effects in clusters of inert-gas atoms and interactions in systems
canposed of inert-gas atoms, halcgen hydrides or halogen diatomics.



Electron Correlation Effects in (a) the 2!S, 235, 21p and 23p States of
Helium and (b) the “S and “P States of Some Lithium-like Ions.

by
K.E.Banyard, P.K.Youngman and K.H.Al-Bayati
Department of Physics
University of Leicester,
Leicester, England.

Abstract

Correlation effects are examined in the low-lying excited states of
He and comparisons are made with ground-state studies. Coulomb holes and
various partial 'holes' are determined in order to assess the influence
of correlation in different regions of space. Comparison between, firstly,
singlet and triplet states and, secondly, S- and P- states gives rise to
several intriguing and mind-bending resul:s.

For the Li-like ions, the correlated wavefunctions are partitioned so
as to examine correlation effects within the individual two-electron intra-
and inter-shells. The 2S-state yields results for the KaKg-, KalLa- and
KBLa~ shells which can be contrasted with findings for the corresponding
shells within the ground-state of the Be-like ions.

Finally, the Coulomb holes obtained for the inter-shells within the
23 and 2P states of Li may be viewed against the results deduced for the
above mentioned excited-states of He.



Local Exchange-Correlation. Approximations

and First-Row Molecular Dissociation Energies

A.D. BECKE

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

Recently, we have reported the results of accurate
Hartree-Fock-Slater calculations on selected first-row
diatomic molecules which show very encouraging agreement
with experimentl. In the worst cases, however, the HFS
dissociation energies were found to overestimate the

experimental values. Therefore, we have examined several
refinements of the Hartree-Fock-Slater theory and their
effects on molecular bond lengths, dissociation energies,
and vibrational frequencies. Among them, gradient cor-
rections to the HFS exchange energy and also some local
correlation approximations based on recent parametrizations
of electron gas data are considered. We find that a local
exchange-correlation approximation with gradient corrections
gives dissociation energies in significantly better agree-
ment with experiment than the Hartree-Fock-Slater apprdxim-
ation.

1) A.D. Becke, J. Chem. Phys. 76, 6037 (1982).
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Effect of the Non-Additive Energy Contribution to
Preferred Orientations in Water Clusters

David Belford and Edwin S. Campbell
Department of Chemistry, New York University

Energetically preferred configurations of (H,0)3, (Hy,0), and (H,0)¢ have
been determined for 3 different models derived by fitting the 229 HF dimer en-
ergies of Kistenmacher et al.: (i) the additive analytical fit of (lementi et
at.; (ii) the non-additive model of Campbell and Mezei; (iii) thé additive com-
ponent of the non-additive model. Since differences in the weighting of data
points in models' (1) and (ii) lead to differences in structﬁres preferred by
the additive models (i) and (iii), the significance of the non-additive contri-
bution can be determined only by a comparison of models (ii) and (iii). This
shows that the non-additive component introduces significant quantitative dif-
ferences and, for (Hy0)g, a structure of a different symmetry type. The non-
additive model gives optimal distances for (H;0)g similar to the experimental
values for condensed phases. Evidence supports the inference that the orien-
tational effect of non-additivity is larger when the configuration differs

from the unconstrained minimum for a group of H,0 molecules.

Lower Order Non-Additive Dispersion Multipoles

David Belford and Edwin S. Campbell
Department of Chemistry, New York University

The positive and negative regions for the three-body, third-perturbation
order interactions have been determined for several lower order multipoles to
permit the recognition of configurations with attractive or repulsive contri-
butions without calculation. The leading triple-dipole contribution has been
evaluated for (Hp0)3, (Hp0)y, planar and staggered (H;0); and ice Ih. 1In the
latter four cases, the energy is smaller than the four-body induction contri-
bution given by the model of Campbell and Mezei. Lattice sums for the geo-
metric factors for dispersion multipoles have been calculated for the ice Ih

lattice.



Heats of Formation of Radical Species Using the BAC-MPY Method

J. S. Binkley and C. F. Melius
Sandia National Laboratories
Livermore, CA 94550

Heats of formation ( AH?) of various H, C, N and O containing radical

species have been computed using the newly formulated BAC-MP4/6-31G*¥* approach.

This method consists of MPU4/6-31G¥* total energies combined with HF/6-31G¥
zero-point vibrational energies and Bond Additivity Corrections

derived from known AHps of stable species. Comparing our theoretical
results with experimental AH3s for a variety of molecules containing
hydrogen and up to four heavy atoms (C,N and 0), we find that energy
differences between theory and experiment are typically less than three
keal/mole. For hydrocarbon radicals, the calculated AHgs are consistent
with the experimental findings of Tsang and are several kcal/mole higher than
the presently accepted heats of formation based on halogenation studies of
Golden and Benson. Our method can be used to establish reliable heats of
formation of other radical species for which experimental data are not well
known.

Classical Liouville Mechanics and Relaxation Dynamics

Charles Jaffe and Paul Brumer

Department of Chemistry
University of Toronto
Toronto, Ontario, Canada

Considerable insight into classical relaxation phenomena
and into the classical/quantum correspondence is afforded by
the formal Hilbert Space approach to classical distribution
dynamics. The theory will be reviewed and simple examples
described, with particular emphasis on the eigenfunctions of

the classical Liouville operator.



Multibody Energy-components for Clusters of Water Molecules and Ice Ih
Edwin S. Camg?g%} and David Belford

Department of Chemistry, New York University

The multibody and total non-additive energy components have been
calculated for (H20)4 to (H20)48 clusters chosen to determine

the effects of different factors upon the interaction. Approximate
values have also been calculated for ice Ih. The magnitudes of the
four-body components for many clusters and for ice Ih have been shown
to be in the energy range required for possible effects upon
preferred orientations. When the cooperative reinforcement of the
induced dipole fields, hyperpolarizabilities and field gradients are
neglected, the induced dipole energy has been shown to be strictly
two- and three-body. The relative efficiencies of three-body and

fully cooperative calculations have been determined.

Microscovic Theory of Relaxation and D-Fluctuations in Condensed
Matter - Zxperimental Applications

C. A. CHATZIDIMITRICU-DREISHANN

I.N,Stranski-Institut for Physical & Theoretica} Chemistry,
TU Berlin,Strasse des 17. Juni 112, D=-1000 Berlin 12, F.R. Germany

Some basic concepts of the Prigogine star-unitary transfo;matlons
are discussed in connection with microdynamical processes in con-
densed molecular matter, The existence of an gpergtor_quant;uy re=-
presenting the "intrinsic time" of systems being in strong inter-
action with their environment becomes apparent. L .

The theory predicts a kind of fluctuations around steady states,
which have *heir origin in the fundamental level of guantum
mechanics. The experimental detection of these dynamical (or D=)
fluctuations is presented. . . . -

The physical relevance of the star-unitary transformation theory
within the quantum theory of condensed matter is demonstrated
with the 2id of current spectroscopic measurements,

-



Local and Normal Vibrational Modes

M.S. Child
Theoretical Chemistry Department
1 South Parks Road, Oxford

Developmenfs in the theory of local and normal stretching
vibrations of symmetrical molecules will be reviewed from both
classical and gquantum mechanical points of view. The main
feature of the classical mechanics is a co-existence at a given
energy between two types of motion: local vibrations in which
one bond is permanently excited more than the other (or others)
and normal vibrations in which energy flowé symmetrically from
one bond to another. The local type implies a pattern of strict
local moce classical degeneracies, which is removed by exponentially’
small quantum mechanical corrections. This behaviour is elegantly
explained by the Chirikov theory of classical resonanées, and
experimentally confirmed by the term values derived from the

overtone spectra cf water.

The quantum mechanical develcpments include the use of
few parameter Morse-oscillator based models to fit the spectra

of C2H LH, (X = C, Si, Ge) and their isotopic substituents,

2’
and YFS (Y = S, W, U). Secondly it proves possible *to corr-
elate the behaviour of a given molecule between local and
normal limits by means of the ratio of the fundamental

splitting to the bond anharmonicity, this ratio being very

large for normal oscillators and very small for local cnes.



MOLECULAR ORBITAL FORMALISM FOR ATOM-ANTIATOM SYSTEMS

_ H. Chojmacki, S. Roszak
Wyb. Wyspiadskiego 27, 50-370 VrocZaw, Imstitute of Organmic
aod Physical Chemistry I-4, Foland

Based onAthé Hartree-Foeck method, the gemeral LCAO MO SCF for-
malism.deéigﬁed for atom-antiatom systems has beenm proposed. The
total wave functiom was assumed as the product of the relevant
determimamtal compomemts describimg electron and positrom subsets,

In order to comsider the effects of imtralepton corfelation,
the configuration interaction formalism has been adapted. The

test calculatioms have beem performed for a number of closed-shell

dietomic molecular systems.

v New Development in Floquet Theory and :
Quasi-Energy Methods for Intense Field Multiphoton Processes*

Shih-1 Chu,# Tak-San Ho, and James V. Tietz
Department of Chemistry, University of Kansas, Lawrence, Kansas 66045 USA

In this conference, several new developments in semiclassical Floquet theory
and quasi-energy methods for intense field multiphoton excitation (MPE) and dis-
sociation (MPD) processes will be presented:

(A) Generalized Many-Mode Floquet Theory [1] for the nonperturbative treat-
ment of the interaction of a quantum system with several monochromatic coherent
laser fields.

(B) Adiabatic and Non-adiabatic Approximation Methods [2] for Resonant Multi-
photon Excitation of Vibrational-Rotational States in Strong Laser Fields.

(C) Non-Hermitian Floquet Theory and Complex Quasi-Energy Methods [3] for
MPD of Small Polyatomic Molecules.

*Work supported by DOE and ACS-PRF.
#Alfred P. Sloan Foundation Fellow.

(1] T.S. Ho, S.I. Chu and J.V. Tietz, Chem. Phys. Lett. 96, 464(1983).

[2] S.I. Chu, T.S. Ho and J.V. Tietz, Phys. Rev. Lett. (submitted).

[3] S.I. Chu, C. Laughlin and K.K. Datta, Chem. Phys. Lett. (in prass);
S.I. Chu, J. Chem. Phys. 75, 2215(1981).



Complex-Coordinate Couplied-Channel Methods for
Rotational Predissociation of van der Waals Molecules
and Autoionization of Quasi-Landau States*

) £
Shih-I Chu,” Krishna K. Datta and Samir Bhattacharya
Department of Chemistry, University of Kansas, Lawrence, Kansas 66045 USA

There is currently much interest in the study of spectroscopy, structure and
predissociation dynamics of weakly bound van der Waals (vdW) molecules. Recent-
ly we have developed two practical approaches for the accurate determination of
vibrational and rotational predissociation lifetimes of vdW complexes. These
are the complex-coordinate coupled channel (CCCC) methods, one formulated in the
space-fixed (SF), the other in the body-fixed (BF) frames of coordinates. The
SFCCC theory [1] is more appropriate for the treatment of weak-coupling vdW com-
plexes (such as Ar-H,), whereas the BFCCCC theory [2] more natural for strong-
coupling complexes (Such as Ar-HC1). These methods have been applied success-
fully to a number of vdW molecuels [1-3]. In particular, the calculated widths
for Ar-HD [3] are in good harmony with the recent experimental data of McKellar
[4]. More recently the CCCC method has been applied successfully for the first
determination of autoionization widths of quasi-lLandau states of H atom in in-
tense magnetic fields [5]. ‘

*Work supported by DOE and ACS-PRF
#A1fred P. Sloan Foundation Fellow
[1] S.I. Chu and K.K. Datta, J. Chem. Phys. 76, 5307(1982); S.I. Chu, J. Chenm.

Phys. 72, 4772(1980); K.K. Datta and S.I. Chu, Chem. Phys. Lett. 87, 357(1982).
[2] S.I. Chu, Chem. Phys. Lett. 88, 213 (1982).
[3]. K.K. Datta and S.I. Chu, Chem. Phys. Lett. 35, 38(1983).
E4] A.R.W. McKellar, Faraday Disc. Chem. Soc. 73, 89(1982).
5

] S. Bhattacharya and S.I. Chu, Phys. Rev. A. (submitted).

QUALATIVE DYNAMICS OF CHEMICAL REACTION NETWORKS USING COMPUTER
"PROGRAMMED THEORY. Bruce L. Clarke, Dept of Chemistry, Edmonton
Alberta, T6G 2G2.

A chemical reaction network 1is a set of chemical reactions with
unspecified rate constants and amounts of the components. For each
of the possible va lues these parameters may take, the
concentrations have a dynamics that can be described gqualitatively.
The most typical Kind of dynamics is a single globally attracting
steady state. This is the dynamics of closed thermodynamic sytems
where the steady state is chemical equilibrium. For systems that
have inputs of energy or molecules, or systems that are being
studied on a faster time scale than the approach to equilibrium,
other Kinds of dynamics may occur, such as oscillations, chaos,
explosions, evolution, multiple steady states, hysterisis,...

A considerable body of theory has recently emerged on this subject.
This theory permits chemical reaction networks to be classified
according to the types of dynamics that are possible if the
effective rate constants take suitable values. Such theory is
helpful to Kkineticists who are trying to devise mechanisms that
have various kinds of observed exotic dynamics.

The poster will present some of the recent advances in the area and
illustrate how these theorems have been programmed for computer in
APL so that a nonmathematical Kineticist can test reactions
mechanisms against the latest theoretical results.

PR
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Gradient expansion correction to the Dirac exchange term in statistical
models of an atom. P. Csavinszky and F. Vosman. Univ. of Maine, Orono,
Maine 04469, U.S.A. In previous workl’z, aimed to introduce the shell
structure of atoms via a varfational procedure using the energy density
functional formalism, electron densities have been obtained for the Na

atom within the Thomas-Fermi-Dirac model. In these calculations the effect
of the (modified) Weizsdcker and Hodges gradient expansion corrections to
the kinetic energy term has also been ascertained. In the present work3 we
make use of the respective electron densities and calculate the first
gradient expansion corrections to the Dirac exchange term. The results
show that, for the Na atom, the magnitude of this correction is about 1% .
of the magnitude of the total binding energy.

'p. Csavinszky, Phys. Rev. A 24, 1215 (1981).

°p. Csavinszky, Int. J. Quantum Chem. Symp. No. 15, 387 (1981).

3p, Csavinskzy and F. Vosman, Int. J. Quantum Chem. (to be published).

Properties of Hydrogenic Momentum Wavefunctions
F. Cummings
Atlanta University, Atlanta, GA 30314

The non-relativistic hydrogenic momentum wavefunctions are used to obtain

- , s , ,
explicit expressions for <p > with s an even integer, -6<s<8, and a general

n
principal quantum number and Py = h/ao, and that <ps> diverges for s>24+5,

expression for all s. It is shown that <p2-s> =<1Zp{>2-zs<ps>, for n the

for 2 the angular momentum quantum number. Recursion relations for a related

. . o= . . ‘s s . ;
4F3 generalized hypergeometric function and similarities to <r°> are discussed.



Dynamical study of nonadiabatic unimolecular reactions : the

, . . N ~ 2 a2 +
conical intersection between the B BZ and A A1 states of HZO

D. DA EHARENG : Université de Lidge, 3elgicue
s ? e

X. Chapuilsat : Laboratoire de Chimie Théorique d'Orsay, France
ni

J.C. Lorquet, C. Galloy and G. Raseev : U

Abstract

. . . . , ~ 2 ~ 2
The conzca% intersection connecting the B "A' and A “A!
states of the ”20 ion is studied. The twc pctential energy surfa-
ces are calculafed ab initio by the 5CF/CI method within the C

point group. S
The nonadiabatic coupling matrix elements <:A]ZV’Do]b:> are com-
puted for several cross sections throughout the potential energy

surfaces. A transformation tc the diabatic representation is per-

formed. The linear model is found to be a good approximation in
the region close to the apex of the cone. The global functions
t(s) and T(S) governing the nonadiabatic transition probability
are calculated ; their shapes are those predicted by the Landau-
Zener model (in the Nikitin bidimensiocnal version). A dyﬂami:a7
study is undertaken by means of classical trajectory calculations
on the upper adiabatic :OtenfiAl energy surfacs. An averaged
transition probability is derived.

Excitation of rctaglon or of the bending mode of H,0 kefor
photon impact has no influence on Ptf’ Excitation of Lhe symme-
trical or antisymmetrical valence médes of H.O lowers P, . The
shape of ln(iJ?" ) as a function of time indfcates the &%istencs
of two distinct reglmes at short and intermediate time ranges,

characterized by two different rate constantc,}r1 nd <2 respecti-
vely. The rate constants are of the order of 101 §-1, k.,
exhibits 2 maximum as a function of the absorbed energy £ s

- abs
whereas k2 decreases as a func:lon of L&bS.

=
=

"



Elimination of Nonlinear Optimization in Quantum Chemistry
with Singularity-Matching Basis Functiomns.

by
C.L. Davis, Hans-Jgrgen Aa. Jensen and Hendrik J. Monkhorst

Quaﬁtum Theory Project, University of Florida,
Gainesville, FL 32611

ABSTRACT

The rates of convergence of basis set expansions depend strongly
on the suitability of the basis functions for describing the singular-
ities in the wavefunction. Basis functions with singularities matching
those of the wavefunction should provide the most rapid convergence. The
practical importance of this idea has been demonstrated by some accurate
Hartree-Fock calculations.

Singular points of the Fock equations for atoms or molecules occur
at the nuclear positions and at r==. Asymptotic solution of the equations
for large r reveals singularities having both exponential and logarithmic
character. The asymptotic exponents of the exponential terms are simply
related to the orbital energies. Calculations using these asymptotic
exponents demonstrate their optimal character. Energies and properties
comparable to the most accurate existing basis set .calculations were ob-
tained without significantly increasing the number of basis functions.
No exponent optimizations were required.

The nuclear cusp singularities in molecules have a logarithmic angu-
lar character that is responsible for the slow convergence of LCAO expan-
sions. Some ideas for overcoming this problem will be discussed.

BOND LENGTH CHANGES RESULTING FROM HALOGEN SUBSTITUTION OF OXIRANE,
Carol A. Deakyne, Joseph P. Cravero, and William S. Hobson, Department
of Chemistry, College of the Holy Cross, Worcester, MA, 01610.

Fluorine substituents have been shown to alter the ring bond lengths
in oxirane. Orbital compositions, overlap populations, charge distribu-
tions, orbital energy splitting diagrams and charge density difference
plots obtained from ab initio wavefunctions are investigated to determine
the origin of the observed substituent effects. This approach enables
us to rationalize the experimentally determined geometry of cis-1,2-
difluorooxirane and to predict bond length changes for trans-1,2-difluoro-
oxirane and tetrafluorcoxirane and the relative stabilities of cis- and
trans-1l,2-difluorocoxirane. The differences in fluorine substituent effects
on oxirane and cyclopropane and the applicability of this approach to
chlorinated oxiranes are discussed.



Aspects of nuclear dynamics in negative ion states

by W. Domcke, University of Heidelberg

Abstract:

The Born-Oppenheimer (BO) approximation constitutes one of
the fundamentals cf molecular physics and chemistry. The
BO approximation is an excellent approximation for the
majority of low-lying electronic states of neutral
molecules and positively charged ions since the spacing

of electronic states is large compared to the typical
spacings of the nuclear motion (rotation and wvibration).
Negative ions, on the other hand, are usually weakly

bound with respect to the detachment of an electron. Quite
often bound states even cross intc the electronic
continuum as one or more internuclear distances are varied
and thus become resonances. Owing to the proximity of

the electronic continuum, the BO approximation is
generally of limited validity in negative ions and

the theoretical treatment of non-BO effects is important.
Considering an isolated electronic state of a negative

ion, the theoretical description of molecular dynamics beyond

the BO approximation based on Feshbach's projection operator

formalism is reviewed. In this formalism the nuclear
dynamics in the negative ion state is governed by a partly
complex, energy-dependent and non-local potential. The

ab initio calculation of the complex non-local potential
is discussed and methods to solve the equations of motion
for such complicated potentials are described. Vibrational
excitation in N2 via the 2.3 eV shape rescnance and
dissociative attachment in HCl are considered as specific
examples.
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MULT1CONFIGURATION HARTREE~FOCK STUDIES OF MOLECULAR ELECTRONIC
STATES AND REACTION PATHWAYS

Michel Dupuis* and William A. Lester, Jr.™
Materials and Molecular Research Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

The multiconfigurtion Hartree-Fock (MCHF) wavefunction proviges a compact
representation of many radicals in their ground and excited electronic states
in the description of which configuration mixing plays an important role.
Furthermore, energy gradients for these wavefunctions are easily calculated.
We report MCHF calculations of the structure and properties for ground and in
some cases excited electronic states of several molecules incluaing CzNp, 03,
and NO2. MCHF wavefunctions give also a conceptually simple description of
bond breaking and bond formation in reactive systems. We report MCHF calcula-
tions of reaction pathways for the O(SP) + H,CO and H + 03 systems.

*IN1s workK was supported in part by the National Aeronautics Space
Administration under Contract No. A 861308 (LML).

+Also, Department of Chemistry, University of California, Berkeley.

This work was supported in part by the Director, Office of Energy Research,
Office of Basic Energy Sciences, Chemical Sciences Division of the U. S.
Department of Energy under Contract No. DE-AC03-76SFO00SS.



ADIABATIC APPROXIMATION FOR
COUPLED OSCILLATORS -

A NUMERICAL STUDY

Gregory S, Ezra
Department of Chemistry
Cornell University
[thaca, N. Y. 14853

The adiabatic approximation is applied to determine the quantum
states of 2 coupled oscillators described by a generalized Hénon-Heiles
hamiltonian. Comparison With exact quantum results shows that numer-
ically calculated adiabatic energies ars accurate even for excited states,

A sequential adiabatic approximation is alsé applied to calculate the energy

levels of 3 model 3-dimensional hamiltonian.



APPARENT R(4) SYMMETRY IN THE SINGLY-EXCITED STATES OF HELIUM. R. L. Flurry,
Jr,, Department of Chemistry, University of New Orleans, New Orleans, LA TO148.
It is well known that the energy levels of the H atom can be found from the
Casimir invariants of the [gﬂp] irreducible representations (irreps) of the
R(4) [or SO(4)] group. The n- degeneracies are reflected in the dimensions of
the irreps. Various workers have attempted to describe many-electron atoms in
terms of R(4) or broken R(U) symmetry. Recently, it has been found that the
doubly-excited states of He have apparent R(4) symmetry. [See D. R. Herrick,
Adv. Chem. Phys., LII, 1-115, (1983).] We report here that the degeneracies of
the singly-excited singlet states of He are reflected in the dimensions of the
[k,k] irreps of R(4). If spin-orbit interaction is neglected, the degeneracies
of the singly-excited triplet states are the dimensions of the [k,k-2] irreps.
Empirical equations that accurately express the energy as a function of the n
quantum number and the Casimir invariant of the appropriate irrep will be
presented.

RELAXATION OF INTERNAL ENERGY FOLLOWING LASER EXCITATION,

W, Forst, Department of Chemistry, Laval University, Quebec Canada G1X7P4,

Using the expomential model for collisional transition probability, time pro-
files of average internal energy are computed for initial Poisson distribution
following laser excitation. It is assumed that the system relaxes via V = T
transfer, i,e, that the relaxing molecules are highly dispersed in rare gas
buffer, It is shown that the time dependence of average vibrational energy is
directly related to bulk-average energy transfer <<AE>>, a macroscopic proper-
ty which is a function of time, initial excitation level and (for a given
heat bath gas) of heat bath temperature, and is only distantly related to
average energy transfer per collision <AE>, a microscopic property, These
effects will be demostrated om the relaxation of SFs in argon following
absorption of several CO; laser photons,



An analysis of enzyme inactivation exhibiting biphasic time courses

Ginter Fritzsch
Max-Planck-Institut fir Biophysik :
Kennedyallee 70, D-6000 Frankfurt a.M. 70 (Germany W.)

The inactivation of enzymes due to the substitution of ligands by
covalently binding analogs is studied. For a variety of possible
reaction schemes describing the inactivation, the kinetic equations
are linearized. The time courses of the solutions exhibit biphasic
shapes as these are frequently observed in such reactions. A
particular type of inactivation is analyzed where the time of tran-
sition from one branch to the other of the biphasic curve is
practically independent of the concentration of the analog. An
analysis of the eigenvalues from different reaction models shows
that for these time evolutions the enzyme exists necessarily in two
states, only one of which is active.

Families of curves obtained for different concentrations of the
analog reveal geometric properties which are characteristic of the
enzyme mechanism involved. A graphical method is proposed which
enables one to

1) easily discriminate between the two enzyme mechanisms, and to
2) determine the essential kinetic parameters.

As a preliminary attempt, the models have been fitted to the
experimental data of three different sets of families of curves.
It is demonstrated that a two-sites model of inactivation of

(Na+-K+)-ATPase'Bostulated in the literature cannot be valid.



INVESTIGATIO .
CH3CNJH§E,CH3F,H10 BY AB INI

Yu Jian-Guo,Fu Xiso-Yuan

(Beijing,Normal University,Beijing,China)
Tang Tin-Hua(T.E.Tang)

(Tianjin Normal University,Tienjin,Chinz)

abstract

The hydrogen bond complexes:CHgOH—CH;CN,CEBOH—Cﬁaﬁc,

»CH3CH-H;0 are studied by SCF ¥MC method.
Using STC-2G basis sets,the gecmetries of the above com-
plexes are optimized,It is found that they all have a
nearly colinear moiety.The hydrogen bond stabilization
‘energies are calculated by means of 4-31G basis sets.
The energy components at egilitrium georetries of these
.compieXes are calculated according to the'Morokuma’ s
energy decomposing schemé{The results obttained show that
the more strong the hydrogen.bond,the more electrostatic
its nature.



ELUCIDATION OF REACTIVE REGIONS IN MOLECULES

Hiroshi FUJIMOTO, Nobuaki KOGA Band Itaru HATAUE

Division of Molecular Engineering, Graduate School of Engineering and

Department of Hydrocarbon Chemistry, Faculty of Engineering

Kyoto University, Kyoto 606, Japan

By applying pairwise unitary transformations to the molecular orbitals
of the reagent and reactant in a composite interacting system, it is shown
that the electron delocalization in interactions is represented succinctly in
terms of a few sets of paired hybrid molecular orbitals of fragment species.
They are found to be localized beautifully in particular regions around the
reaction sites both in the reagent part and in the reactant part, specifying
the structural units that characterize the given type of chemical reaction.
These orbitals in pairs are called the "interaction frontier orbitals (IFQ)",
providing a generalized extension of the basic frontier orbital concept. The
derivation of these orbitals in connection with the configuration analysis of
the self-consistent-field wave function of the composite system is discussed.
Several examples are presented to show that the multifarious reactivities of

organic molecules can be illustrated by the use of this method.




LASER-MODIFIED MOLECULAR DYNAMICS

Thomas F. George
Department of Chemistry
University of Rochester

Rochester, New York 14627
USA

Both theory] and expem’ment2 during the past decade have demonstrated
that under the proper conditions laser radiation can interact directly with
the dynamics of molecular processes, such as bimolecular collisions and-
unimolecular reactions. The mechanisms by which radiative coupling can in-
fluence and modify various dynamical processes are discussed. Particular
attention is paid to bimolecular collisions, and the following gas-phase
processes are considered: energy transfer,] ionization,]’3 resonance forma-

t1'on,4’5 chemical reactions® and Tine broadem’ng.7'9

There is increasing
interest in laser-modified surface processes, and theoretical approaches

are reviewed for the following: (1) resonance fluorescence of an atom near

a metal surface, where the surface-dressed optical Bloch equations are solved
for the pbpu]ation inversion and power spectrum of scattered 1ight;]o (2)
charge transfer at a semiconductor, where ion neutralization is enhanced by

the excitation of surface states.H

1. T. F. George, J. Phys. Chem. 86, 10 (1982), and references therein.

2. P. R. Brooks, R. F. Curl and T. C. Maguire, Ber. Bunsenges. Phys. Chem.
86, 401 (1982), and references therein.

3. J. S.)Dah]er, R. E. Turner and S. E. Nielsen, J. Phys. Chem. 86, 1065
(1982).

M. Hutchinson and T. F. George, Mol. Phys. 46, 81 (1982).

A. D. Bandrauk and G. Turcotte, J. Chem. Phys. 77, 3867 (1982).

[. H. Zimmerman, M. Baer and T. F. George, J. Phys. Chem. 87, 1478 (1983).
K. S. Lam and T. F. George, J. Chem. Phys. 76, 3396 (1982).

H.-J. Foth, J. C. Polanyi and H. H. Telle, J. Phys. Chem. 86, 5027 (1982).
S. Mukamel, Phys. Rep. 93, 1 (1982).

J. Lin, X. Y. Huang and T. F. George, Solid State Commun. 47, 63 (1983).
H. W. Lee, W. C. Murphy and T. F. George, Chem. Phys. Lett. 93, 221 (1982).
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Abstract of Talk to be Presented at the 8th Canadian Symposium on Theoretical
Chemistry, Dalhousie University, Halifax, Nova Scotia, Canada, 7-12 August 1983,
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MECHANISMS OF CATALYTIC REACTIONS
William A. Goddard IO

Arthur Amos Noyes Laboratory of Chemical Physics,

California Institute of Technology, Pasadena, California 91125, USA

We will examine the mechanisms of homogeneous and heterogeneous
reactions. Major points are how the nature of a metal-ligand bond controls
whether a reaction will be concerted and how the nature of this bond is
determined by the specific metal involved and the character of the other
ligands on that metal. We will also discuss the nature of chemisorbed
intermediates on metal surfaces and how the surface-adsorbate bonding
affects reactions on the metal surface. The theoretical principles will be

illustrated by a detailed discussion of some of the following reactions:

1) 25+25: L M—R

+ —_— LM H+ H R
H—H

2) Metathesis: LM=CH, + R,C=CR, —> LM=CR, + R,C==CH,

AN\
3)  Ethylene Epoxidation: H,C==CH, + 30, ———> H,C— CH,
Ag
4) Fischer-Tropsch Synthesis: CO + H, ———> Alkanes, alkenes, ..., etc.

M




THE FORMATE ANION: AN AB INITIO STUDY OF ITS STRUCTURE, GENERAL HARMONIC FORCE
FIELD AND FUNDAMENTAL VIBRATIONAL FREQUENCIES. A. R. Gregory (Department of
Chemistry, West Virginia University, Morgantown, WV 26506, USA), K. G. Kidd
(Department of Energy, Mines and Resources, Ottawa, K1A OE4, Canada) and G. W.

Burton (Division of Chemistry, National Research Council Canada, Ottawa,
K1A OR6, Canada).

The general harmonic force field of the formate anion has been calculated
by ab initio restricted Hartree-Fock theory using the minimal STO-3G and split
valence 4-31G basis sets. This work was carried out in conjunction with an
experimental study in which the ion's force field was determined from its
vibrational frequencies in polycrystalline sodium formate by an improved
refinement procedure. The ab initio results proved valuable in that study as
a guide to the true physical values of the harmonic force constants.

As expected, the 4-31G basis gives better results than the STO-3C basis.

The agreement between the 4-31G and the experimental results suggests that
interactions in the crystal are of secondary importance in determining the
experimental force field. However, there are discrepancies between the 4-31G
values and the experimental values for the force constants which exceed the
empirical guidelines for such calculations on neutral molecules. These devi-
ations may be real and due to the different enviromments of the ion in the two
studies or they may be due to experimental and theoretical errors.

Conjugative delocalization of an oxygen lone pair in the molecular plane
into an antibonding CH bond orbital provides a simple and consistent explanation
for the weakness of CH bonds in HCOO and related species. The inductive effect
cannot account for this overall weakness, but it can account for the increase

in CH bond strength from H.CO and HCOO~ to HCOOH and HCOOCH: and its decrease
from H,CO to CH3CHO.



CI and MCSCF Methods Applied to Ground and Excited States of Molecules.
Spin-orbit Studies on Cl2

F. Grein

Department of Chemistry, University of New Brunswick,
Bag Service 45222, Fredericton, N.B., E38 &E2

For Clz, various properties based on spin-orbit coupling were calculated,
using ab initio spin-orbit methods presently being developed by Buenker,
Peyerimhoff and coworkers.

First, the transition probability for the spin-forbidden transition from
Xlé:g+ to ZBH.U, which has been observsd to be quite large, has been in-
vestigated. It's oscillator strength is calculated to be about 1/8 of the
oscillator strength of the allowed ZlT— é-Xlzf transition. Spin-orbit
coupling occurs almost entirely via ZlT- ’

Second, the spin-orbit splitting of 2 U— , of which the 0 and 1 components
are known experimentally, has been studled by first- and second-order per-

turbation theory.

Finally, predlsSOC1atlon of 1 jf , which is dipole allowed from the lefg“

ground state, into 2 7T has been investigated. This problem relates to

observed but unexplalned fluorescence in the 40,000 cm_l region.



8th Canadian Symoposium on Theoretical Chemistry

Abstract for paper entitled

Large scale calculations on small molecules,

by

N.C. Handy

The methodology for large scale configuration interaction calculations
is reviewed. 1In particular the ‘'external-space' unitary group algorithms
used with the Davidson iterative proceaure, and the integer represéntation
of the CI coefficients using determinants and the Cooper-Nesbet iterative
procedure, are discussed. Applications to multireference single plus double
replacement CI and full CI calculations are given.

Some full CI calculations on small molecules with double-zeta size
basis sets are reported, ready as benchmarks for comparison with perturbaticn
related calculations. In addition some full CI calculations on Be2 and
(HZ)2 are also reported.

A very large basis set calculation on LiH will be reported. 1In
particular discussion will concentrate on the effects of high angular
momentum basis functions (£,g) in the attempt to produce a near exact
variational energy at equilibrium geometry.

The effects of modern computing technology on the future of CI

calculations will be mentioned.

University Chemical Laboratory
Lensfield Road
Cambridge



The Local Mode Model: A Sensitive Experimental Test for Molecular
Orbital Theory.
Bryan R. Henry, Kathleen M. Gough and Allan W. Tarr, Department of

Chemistry, University of Manitoba, Winnipeg, Canada R3T 2N2.

The theoretical basis for the local mode description of highly
excited XH-stretching vibrations is reviewed. The model is applied to
gas phase overtone spectra where it is used to explain subtle variations
in CH bond lengthg in substituted aromatic molecules. The predicted
bond length variations are correlated with geometry optimized M.O.
results and with M.0. charge distributions. The factors affecting

local mode overtone intensities are discussed.

Pecent Studiles Concerning the Semiclassical Theory of Non-Adiabatic Transitions

Michael F. Herman
Department of Chemistry
Tulane University

New Orleans, LA 70118

Semiclassical approximations for the theory of non-adiabatic collisions
are considered. The multidimensional formalism devéloped is a generalization
of the one-dimensional theory previously reported [J. Chem. Phys. 76, 2949
(1982)]. The formal analysis of the theory indicates that the resulting series
of multiple non-adiabatic transitions can always be chosen so as to satisfy the
Schrodinger equation in a term by term fashion. The more problematical ques-

ticns concerning the accuracy and convergence properties of the multiple tran-

sition series is studied numerically for some simple model problems.
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Triatomic Hydrogen and the Ammonium Radical

G. Herzberg
National Research Council of Canada

Until recently Rydberg spectra of molecules whose ground state is
unstable (repulsive) have been known only for two diatomic systems: He, and
ArH. The discovery of a Rydberg spectrum of triatomic hydrogen represents
the first example of a polyatomic system of this kind. The analysis of the
spectra of Hi and D3 has supplied a good deal of information about triatomic
hydrogen, its electronic states, its geometrical structure and about Jahn-
Teller interaction in its degenerate electronic states. The characteristic
which makes possible the existence of stable Rydberg states of Hy is the
high proton affinity of the parent molecule Hp. It is to be expected that
other molecules with a high protom affinity will also have neutral hydrogen
adducts which are stable in their Rydberg states. One case (in addition to
H3) where such a spectrum has been identified is the ammonium radical NHy or
NDy. The first spectral feature to be assigned to NH, is the Schuster band
of ammonia which is easily observed in any discharge through NHj3 at high
pressure. Experiments with deuterium and 15N substituted ammonia show that
the Schuster band is due to NH,. A second spectrum with somewhat different
excitation conditioms was first observed by Schiiler, Michel and Grin in
1955. At high resolution the principal bands show a fairly well resolved
fine structure (mot yet fully understood) with a doublet head. Isotope
experiments confirm that the molecule responsible for this spectrum also
has four H atoms and only one N atom, i.e., is NH, or NDy. -



DIRECT CLUSTER EXPANSION METHOD
K.HIRAOQ, Department of Chemistry, College of General Education,

Nagoya University, Nagoya, Japan

The direct cluster expansion formalism for large-scale wave
function calculations, based on an integral-list driven procedure,
is presented in a new form. The new approach allows us to
calculate the correlated ground state wavefunction and to make
the direct determination of excitation energies and various
detachment and attachment energies, such as ionization potentials
and electron affinities,/in the Symmetry-Adapted-Cluster (SAC)
and SAC-CI framework. Application is made to the ground state
and low-lying singlet and triplet excited states of glyoxal,

(CHO)2 and its positive and negative ions.

]
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- Some Advice on how Theoreticians can Interact with Chemists

-Roald Hoffmann

Department of Chemistfy, Cornell University, Ithaca, N.Y. 14853 USA

~An attempt will be made to communicate to the audience the
’ speakers' experience in chosing chemically interesting problems,
& constructing explanations, and communicating them to experimental-
ists. A case study approach will be taken, focusing on a recent

problem in transition metal carbene complex chemistry.




ANALYTICAL SOLUTIONS OF THE LINEARIZED POISSION-BOLTZMANN EQUATION
FOR VARIOUS AXIAL IONIC STRENGTH DISTRIBUTIONS IN CYLINDRICAL MEMBRANE
PORES. Richard E. Rice and Frederick H. Horne, Department of Chemistry,
Michigan State University, East Lansing, MI 48824, U.S.A.

For a charged cylindrical capillary in a membrane separating two aqueous
electrolyte solutions, we obtain analytical solutions to the linearized
Poisson-Boltzmann equation for various axial ionic strength (I (z)}
distributions ranging from I uniform in z to the general case of IM Tinear
in z, with m any positive or negative real number. The general solution
is a linear combination of modified Bessel functions of the first and
second kind, of fractional order. The boundary conditions required for
obtaining complete solutions are developed from a charge balance at each
end of the cylinder. A preliminary report of some of this work appeared
in J. Chem. Phys. 75, 5582 (1981).




2 Model Potential Method in Molecular Calculations

( S. Huzinaga and M. Klobukowski
{ Department of Chemistry, University of Alberta
‘ Edmonton, Alberta, Canada

{= Y. Sakai

College of General Education, Kyushu University, Fukuoka, Japan

1 A number of approximaté methods have been proposed in order to widen
the scope of reliable molecujar electronic calculations. The methods,
{ known as pseudopotential, effective core potential, or mode! potential
methods, aim at §imp1ifying the treatment of chemically inert core electrons.
l Such a method has been developed during the past decade in our laboratory
1 [1,2]. Recently our mode! potential (MP) method has been modified so as

to allow for approximate treatment of relativistic effects [3].

? The aim of the present paper is to construct new MP paranetérs and

basis sets for nine atoms (F, I, Kr, Xe, Sc, Cr, Ni, Ca, Ag) and test their
\ performance in molecular calculations (NicCO, Ni(CO)h, Cr0, Sc0, Cao, Fz,
IZ’ IF, Ker, Xer, XeFQ, AgH) . Consistently satisfactory results of these
test calculations render. a strong support to the view that our model

potential method is a reliable and economical tool for molecular structure

calculations.

[1] V. Bonifacic and S. Huzinaga, J. Chem. Phys. 60, 2779 (1974).
(2] Y. Sakai and S. Huzinaga, J. Chem. Phys. 76, 2537 (1982).

(3] M. Klobukowski, J. Comput. Chem. _, xxx (1983).



PRACTICAL METHODS FOR THE CALCULATION OF RESONANCE LIFETIMES. Alan D.
Isaacson, Department of Chemistry, Miami University, Oxford, Ohio
45056,

A knowledge of the energies and lifetimes of electronic resonance states
is necessary for understanding several physical processes, including electron-
molecule scattering and chemiionization reactions. While the energy of a res-—
onant state can be approximated from standard electronic structure calcula-
tions, the lifetime (or width) of a resonance has proved much more difficult
to model accurately. Recent approaches to calculating resonance widths in
molecular systems include those which employ a basis set of real-valued Slater
functions augmented with a few complex-valued Slaters which are important in
representing the continuum component of the scattering wavefunction, as well
as those which employ a basis set of real-valued Gaussian functions augmented
with a relatively large number of complex Gaussians. However, in order to ob-—
tain the greatest degree of both accuracy and practicality, it is desirable to
employ real-valued Gaussian basis sets augmented with a minimum number of
complex-valued functions, if any. To this end, known resonances exhibited by
a one-dimensional model barrier were studied with several techniques involving
basis sets containing at most a single complex-valued function. The results
demonstrate that when proper conditions on the problem are imposed, a basis
set containing a single complex-valued Gaussian function provides useful accu-
racy.
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Molecular integrals arising in the linear response

theory of van der Waals forces'

Kazuhiro Ishida*®
Institute of Molecular Biophysics
Florida State University, Tallahassee, Florida 32306
and
Department of Chemistry

Faculty of Science, Science University of Tokyo, Tokyo, Japan

General formulas are derived for molecular integrals which

- arise in the linear response theory when it is applied to the

van der Waals interactions between molecules. These integrals
are essentially the matrix elements of the Fourier transformed
double Coulomb operator between any cartesian Gaussians. The

computational aspects of these formulas are also discussed.

*On leave from the Department of Chemistry, Faculty of Science,

Science University of Tokyo, Kagurazaka 1-3, Shinjuku-ku,

Tokyo 162, Japan.

TSubmitted to Chemical Physics, May 13, 1983.




The Classical Limit of the Wigner Formulation
of
Quantum Mechanics

by

Charles Jaffe*
and
Paul Brumer

Department of Chemistry,
University of Toronto,
Toronto, Ont.

Abstract: We show that in the classical limit the Wigner
representation of quantum mechanics reduces to the Liouville
formulation of classical mechanics. This has a number of

- important consequences, In particular we discuss the
implications for semiclassical quantization and relaxation
phenom@na. This involves examining the correspondence
between the eigendistributions of the respective propagators,
and results in a new semiclassical formulation.

*current address: Department of Chemistry
Columbia University
New York, NY 10027

Large-Order Perturbation Theory in the Stark-Zeeman
Effect for Parallel Fields.*

Bruce R. Johnson, Karl F, Scheibner, David Farrelly and William P. Reinhardt
Department of Chemistry, University of Colorado
Joint Institute for Laboratory Astrophysics
University of Colorado and National Bureau of Standards
Boulder, CO 80309

The perturbation expansion for the energy of the ground state of the hydrogen
atom in parallel electric and magnetic fields has been calculated to tenth
order in the square of each field strength. The perturbation coefficients
have been found empirically to obey certain recurrence relations when the
order in one field or the other is large. Although the expansion itself is
divergent, the coefficients are used to form two-variable rational
approximants which are much better behaved. The state actually has a finite
1ifetime since Stark tunnelling occurs along the common field axis, and it is
shown that the perturbation expansion, when combined with numerical analytic
continuation techniques, yields the associated complex energy eigenvalue,

*Supported by NSF grants CHE80-11442 and PHY82-00805 through the University of

Colaorado.
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Ionization Potentials and Electron Affinities
of Small Carbon Clusters

K. K. Sunil and K. D. Jordan, Department of Chemistry
University of Pittsburgh, Pittsburgh, Pennsylvania 15260

Recent determinations of the mass spectra of the positive and negative
ions produced in laser microprobe studies of graphite and organic_ polymers
have revealed an even-odd alternation in the intensities of the C_ peaks as
a function of cluster size. This has led us to initiate a theorefical study
of the structures and energies of the neutral clusters and their anions and
catioms.

We report here the results of unitary-group MCSCF and CI as well as
many-body perturbation theory calculations of the IP's and EA's of C. and
C,. The calculations on C, reveal that Koopmans' Theorem gives an ificorrect
ofdering on the first two Ionization potentials. The largest calculations,
including in excess of 200,000 configurations generated from a multireference
space and employing MCSCF orbjtals, give an EA for C, 0.2 eV less than the
experimental value of 2.0 eV. Calculations are ungerway for C, and its ions,
and it is hoped that we can report on these at the conference.

1. This research was supported by the National Science Foundation.

2. Personal communication, G. B. Ellison.



Degenerate many-body perturbation theory

Excited and ionized states of N2

G. Hose and U. Kaldor, Chemistry Department, Tel-Aviv University,

Tel -Aviv, Israel.

Degenerate MBPT ( J. Phys. B 12, 3827 (1979)) is applied to a

dozen excited and ionized states of NZ’ The perturbation series is

calculated to third order and summed via the [2/1] Pade approximant.

The average deviation of the vertical excitation and fonization

energies from experiment is ~ 0.2 eV.

General Structure of Bistability in Far-From-Equilibrium Dynamical

Systems

Raymond Kapral, Department of Chemistry, University of Toronto,
Toronto, Ontario, M5S 1Al

'A variety of dynamical systems displaced far from equilibrium
exhibit bistability and hysteresis involving oscillating states.
Examples of such processes from Chemistry, Laser Physics and other

areas will be discussed. For strongly dissipative systems such

phenomena admit a reduced description in terms of discrete-time,

one-dimensional maps, which provide a convenient way to analyze

the complex bifurcations in these systems. This class of systems
also displays a rich substructure of bistabilities that satisfies
simple, universal, scaling laws. Some of the impiications of this

scaling structure for experimental studies on these dynamical
systems will be described.



Three-Dimensional Electrostatic Molecular Potential Contour Maps
A. Stereoelectronic Requisites for Biomedical Molecules
B. Cationic Polymerization

Joyce J. Kaufman and P. C. Hariharan
Department of Chemistry
The Johns Hopkins University
Baltimore, Maryland 21218

Three-dimensional (3-D) electrostatic molecular .potential contour (EMPC)
maps serve to delineate the stereoelectronic requisites for biomedical mole-
cules (endogenous and exogenous) interacting with receptor sites, with enzyme
active sites and with binding sites on antibodies (natural or synthetic).
Quantum chemical calculations, since they depend only on internal body-
fixed molecular coordinates, are incapable of distinguishing between opti-
cal isomers. However, we derived the concept of generating the EMPC maps
relative to a set of external space-fixed coordinates. These 3-D EMPC maps
can then be used to generate reverse image holographs which can then be used
as templates to prescreen other molecules theoretically. Results will be
presented for several examples: The two different optical isomers of GB

0 CH

" /3
CH3 -P-0-~-CH

! N\

F CH3

[a potent inhibitor of acetylcholinesterase(AChE)] have different toxicities.
These 3-D EMPC maps for GB [S(-) (the more toxic isomer) and R(+) (the less
toxic isomer] indicate vividly the differences in how these two isomers
would fit into the enzyme active site. 3-D EMPC maps will also be presented
for some drug molecules.

In the area of cationic polymerization of exotic energetic monomers,
EMPC maps predicted correctly the rank order of polymerization prior even
to the synthesis of any of the monomers. 3-D EMPC maps allow prediction
of optimal co-polymer candidates again prior to experiment.

This research was supported by ONR Biophysics under Contract NOOQ14-
81-K-0007 and by ONR Power Programs under Contract NO0OT14-80-C-0003.



Prediction of Crystal Densities Using Ab-Initio Potential Functions From
Energy-Partitioned Ab-Initio MODPOT/VRDODO Intermolecular SCF Calculations
Plus Dispersion

W. Andrzej Sokalski, Szczepan Roszak, Alfred H. Lowrey*, P.C. Hariharan
and Joyce J. Kaufman. .

Department of Chemistry

The Johns Hopkins University

Baltimore, Maryland 21218

To be able to predict crystal densities even for completely hypo-
thetical compounds is of interest.

Our approach aimed at evaluating the intermolecular interactions in
molecular crystals and at analyzing the optimal crystal packing is based
on nonempirical ab-initio calculations for smaller molecular aggregates
(monomers, dimers, trimers, etc.), partitioning the total SCF interaction
energies into the different components and then fitting these components
individually to functional forms or when necessary recalculating or esti-
mating explicitly for certain interaction components for each different
unit cell dimension change.

1 lattice’ 1 lattice lattice
AE, = 5 % AE + 3z z AE + ..
A 2 B AB 3 B C#8 ABC |
Non-empirical two-body interaction
SCF _ (1) (1) . ¢(2) (2)
8Epg. = Egt Byt Emo,e o EmnoucT

obtained from ab-initio intermolecular LCAO-MO-SCF calculations using
our own rapid efficient programs for ab-initio calculations on large
molecular and intermoiecular systems, which incorporate a number of
desirable optional computational strategies for calculations on such

molecules
(1) e ; (1) (1)

EEL partitioned into EEL,MTP + EEL,PEN

Eél)MTP - multipole (calculated each time for each variation
! of unit cell parameters of crystal)

Eél)PEN - penetration

r-]

:éx) - exchange

E%ﬁ% LE " long range induction

* Fallow-by-Courtesy The Johns Hopkins University. Permanent address, NRL,

Washington D.C.



Since long range induction terms are not additive (but only the
electric field due to surrounding molecules is additive)
the long range two-body induction term E%ﬁ%AEE has now been

calculated by
g(2) ] [ ¢

_ +B>A,2 A-B.2
IND,LE = 73 0 1w (BT ]

e,
a - a beB

where g and oy denote the atomic po]arizabi]it2e§ (fitted
2
IND,LE)

where §§+A or 8 correspond to the electric field calculated
within the atomic multipole expansion.

to reproduce nonempirical ab-initio values of E

EIND,CT - short range induction

The short range terms

(1) (1) (2) . . .
E , Exy’ and E are each fitted to their own potential
EL,PEN EX IND,CT function |
_ .SCF (2)
AEpg = AEpg * AEprsp
(2) . -6
AE = - I I ¢..¢c..R
DISP achA bep 2@ bbab

Since this is a pioneering study using such atom class-atom class poten-
tial functional forms fitted to partitioned ab-initio SCF or ab-initio
MODPQOT/VRDDO/MERGE wave functions, we investigated carefully such aspects
as the comparison of the various intermolecular interaction terms calculated
from the potential functions compared to those calculated by ab-initio
wave functions. We also investigated for the CRYSTAL program, how many
surrounding unit cells had to be included for energy convergence.

We tested the program for heteronuclear polyatomic molecules on CO2
and the agreement of our theoretically optimized unit cell dimensions with
experiment was excellent.

For our first test on predicting unit cell dimensions for an energetic
nitrocompound, we investigated the crystal CH3NO,, An experimental crystal

structure had previously been determined. We calculated the intermolecular
interactions for CH3N02 at more than 50 geometries, partitioned the inter-

action energies, and fit these to functional forms. The agreement of our theo-
retically optimized unit cell dimensions was very good.

We next used the atom class-atom class potential functions from CH
to optimize the unit cell dimensions for a larger six-member saturated

NO
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cyclic trinitramine. The agreement with experiment was excellent -
to within better than 0.1%.

Since our method fits the partitioned AESCF results to atom class-

atom class potential functions this enables a general library of such
potential functions to be built up for the molecular classes of interest.

This research was supported by ONR under Contract NO0014-80-C-0003.

Multiconfiguration Model Potential Calculations
on Diatomic Halides and Halogen Hydrides

S. Huzinaga, M. Klobukowski
Department of Chemistry, University of Alberta, Edmonton, Alberta

Y. Sakai
College of General Education, Kyushu University, Fukuoka, Japan

Calculations using the model potential (MP) method [1] were performed on
diatomic halides and halogen hydride molecules. For the iodine atom the
quasi-relativistic MP [2] was used. The valence-electron correlation effects
were taken into account via the MCSCF scheme [3]. The configurations were
chosen according to 0DC and OVC rules [4]. The MP-QVC results compare well with
the experimental data and with results of all-electron calculations.

Comparison of the MP results in the series SCF--QDC--0VC shows that the MP
method exhibits the desired monotonic improvement upon the gradual introduction
of electron correlation into the wave function.

{t]1 Y. Sakai, S. Huzinaga, J. Chem. Phys., 76 (1982) 2552.
[2] M. Klobukowski, J. Comput. Chem., in press (1983).

[3] K. Ruedenberg, L.M. Cheung, S.T. Elbert, Int. J. Quantum Chem., XVI (1979)
1069.

{41 A.C. Wahl, G. Das, in: H.F. Schaefer, !l (ed.), Modern Theoretical
Chemistry, Plenum, 1977, vol. 3, p. 51.



STRUCTURE AND LENNARD-JONES POTENTIAL FUNCTIONS OF THE CARBON MONOXIDE DIMER
FROM SEMIEMPIRICAL MNDO COMPUTATIONS. 2vi C. Xornblum. The Cooper Union
for the Advancement of Science and Art, School of Engineering, Cooper Square,
New York, N.Y. 10003. '

A quantum mechanical intermolecular potential is derived by computing
dimerization energies for many dimer configurations. The theoretical data
is then fit to a functional form, e.g., the Lennard-Jones, Stockmayer, or
a generalized empirical potential function. An obvious advantage of the
quantum mechanical approach exists when there is little or no experimental
data. Quantum mechanical potentials have been mainly determined for strongly
hydrogen-~bonded systems, such as H,0 and HF, and have been applied in Monte
Carlo simulations of their liquids.

This paper will discuss the results of semiempirical MNDO computations
on the structure of and Lennard-Jones potential functions for the carbon
monoxide dimer, a system that heretofore has never been quantum mechanically
investigated. Various uncertainties in the experimentally deduced properties
of CO, such as the dimer structure, residual entropy, rotational barriers,
potential parameters, and quadrupole forces, will be examined and compared
with theoretical results.



THE QUANTUM MECHANICAL THEORY OF COLLISION INDUCED DISSOCIATION AND THREE BODY

RECOMBINATION PROCESSES USING LOCAL HYPERSPHERICAL SURFACE FUNCTIONS

Aron Kuppermann
A. A. Noyes Laboratory of Chemical Physics
California Institute of Technology, Pasadena, CA 91125 USA

The quantum theory of collision processes in which the number of bodies.
entering a collision or emerging from it is greater than two presents special
conceptual difficulties. A1l of these difficulties can be overcome using hyper-
spherical coordinates and wave function expansions in terms of distance-dependent
hyperspherical surface functions. This includes, in particular, atom-diatom.
collisions in which dissociation competes with exchange, and collisions among
three atoms in which formation of a diatomic product competes with the energy
redistribution process among the three emerging isolated atoms. The formal
aspects of this theory will be presented, together with the results of appli-
cations to simple systems and their comparison with quasi-classical trajectory
calculations.
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J.P. Laplante, Dept. of Chemistry and Chemical Engineering, RMC
Kingston (Ont.), Canada K7L 2W3

OSCILLATING PHOTOCHEMICAL REACTIONS: STUDY OF THE 9,10 DIMETHYL
ANTHRACENE/CHLOROFORM SYSTEM o

In the past five years, a few photochemical reactions have been reported
to display unusual temporal oscillatory behavior. The results of our investi-
gation of the fluorescence osciilations in irradiated 9,10 Dimethyl Anthracene/
Chloroform (DMA/CHCY,) solutions will be presented. These results illustrate
a large variety of ugusual kinetic behavior such as single and miltipeak oscil-
lations, transition from one type of oscillation to another and transitions
between "states" of high and low fluorescence intensity. The conditions for
which these oscillations are observed will be discussed and a qualitative model
of the irradiated DMA/CHC1, system will be suggested. This model assumes that
the instability giving risg to the oscillations is localized within a thin sta-
tionary layer of solution. The representation will be discussed in connection
with our results. Some relevant recent work in which a Diode Array Rapid
Scan Spectrofluorimeter was used to monitor the fluorescence spectrum as a
function of time will also be presented.

ELECTRCON TRANSFER IN SOLIDS, LIQUIDS AND BIOLOGICAL SYSTEMS

vel. The basic electron transfer
Marcus model for redaox reactions
conductors. Four limit casegs emerge:
rierless, adiabatic with barrier and nonadiabatic
tunneling process is described by meny-particle theory. It is found ¢t
neling is considerably facilitated
changing subsystems, as compared to an empty gap. Equations are
show~ t
38 good molecular contact between the metal ions.

increased nonadiabaticity, and this may in fact be & contrall

Biolcgical transfer. Elsctron mobility

by Sven Larsson, Department of Chemistry, University of Lund,P0OB 740, S-22007

LUND, Sweden

Electron or hole transport is discussed on the molecular le
step is described by a model similar to tH;
cr the polaron model of Holstein for semi-
adiabatic-barrierless, nonadiabatic-bar
with barrier., The electfgg
hat tun
if a molecule connects the electron egj

derived which
hat in the long range biological tunmeling, it is necessary to have
Von der Waals gaps lead to
ing factor in

in molecular crystals is discussed as

an example of ncnadiabatic, barrierless motion.



SIEGERT QUANTIZATION, COMPLEX ROTATION AND MOLECULAR RESONANCES

R. LETEBVRE

Laboratoire de Photophysique Moléculaire,

Campus d'Orsay, 81405 QOrsay France.

A coupled-channel approach has been developed for the determination
of complex eigenenergies with Siegert type Eoundary conditions in the
heavy motion of a molecular system (l). A matching condition has to
be satisfied and this can .only be done for particular energies,
just as for a bound state problem. However the condition of outgoing
waves in the open channels is only compatible with & complex energy.
It is also possible to proceed to a complex rotation of the coordi-
nate for relative motion. With this procedure bound state energies
and resonance energies are treated exactly on the same footing.

This variant of +the complex rotation method does not make use of a
basis of integrable functions. For numerical or piecewise potentials

(2)

it is possible to use Simon's exterior scaling method to circumvent
the problem of analytical continuation. This direct determination of
the complex resonances snergles offers an alternative to the procédures
analyzing the elements of the S matrix. An example implying overlapping
resonances 1s worked out. This involves the excitation of a wvan der
Waals complex, with competition between direct photo-dissociation and
photo-predissociation. The interference effect present in such a
situation is reflected into the imaginary part of the appropriate

complex resonance energy.

.
(L 0. Atabek and R, Lefebvre, Phys. Rev. A22, 1817 (1380) ;

Chem. Phys. 52, 199 (1980) ; 55, 395 (1981) ; 56, 195 (1881) ;
. Int. J. Quant. Chem. 18, 901 (1981) ; 0. Atabek, R. Lefebvre
’ and M. Jacon, J. Phys. B. 15, 268¢9 (1282) ; R. Lefebvre, in
Intramolscular Dynamics, J. Jortner and B. Pullman {Eds),
Reidel, 1882,

(2) 3. simon, Phys. Lett. 714, 211 (1879).
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Orbiting Resonance Model for Recombination of Physisorbed Atoms

Robert J. LeRoy and Carey Schwartz
.(GWC)Z, University of Waterloo, Waterloo, Ontario.

The orbiting resonance model for atomic recombination,
originally developed for applications to gas phase kinetics' is
now adapted for describing the recombination of atoms physi-
sorbed on a surface. The model assumes that a population of
atoms is initially physisorbed on a surface on which the atoms
are free to move about in two dimensions. Atom-atom collisions
at appropriate relative energies and impact parameters can then
give rise to long-lived orbiting pairs, which may in turn lose
internal energy and become truly bound. The surface lowers the
dimensionality of the problem (relative to the gas phase pro-
cess), and plays the role of the third body whose participation
preserves energy and momentum conservation. The perturbatlon
driving the second (inelastic) step of the mechanism is provid-
ed by the corrugation (rouqhness) of the surface.

Prediction of rates using this mechanism presumes a know-
ledge of both the atom-atom and atom-surface interaction poten-
tials. The present work involves the application of this model
to the recombination of H or D atoms on the (1,1,1) surface of
a ¥Xe crystal. The interaction potential between the isolated
atoms is clearly well known in this case? and its modification
by the presence of the surface may be readily calculated.
Similarly, the atom-surface potential which both binds the
physisorbed atoms and provides the corrugatlon which drives the
inelastic step, may be obtained by assuming pairwise addlt1v1ty
and summing the known H-Xe pair potent1a13 over the semi-~
infinite crystal using well known technlques“ Overall second-
-order rate constants have been calculated for H and D recom-
bination at T = 4 and 10K. For physisorbed atom concentratlons
of approximately one atom per five unit cells (i.e. 0.013 A& ),
the Ppredicted reaction half lives are:

t%(H)/nsec t,(D)/nsec

- 2

T =4 K 3.7 0.20
10 K 0.032 0.010

1. a) R.E. Roberts, R.B. Bernstein and C.F. Curtiss, J. Chem.
Phys. 50, 5163 (1969); b) R.E. Roberts, J. Chem. Phys.
54, 1422 (1971); c) M.M. Menzinger, Chem. Phys. Lett. 10,
507 (1971) —

2. a) W. Rolos and L. Wolniewicz, J. Mol. Spectrosc. 54, 303
(1975), and references therein; b) D.M. Bishop and S.-K.
Shih, J. Chem. Phys. 64, 162 (197s6).

3. T.H. Ellis, S. Ianotta, G. Scoles and U. Valbusa, Phys.
Rev. B24, 2307 (1981).

4, W.A. Steele, "The Interaction of Gases with Solid Surfaces®”
(Pergamon, Oxford, 1974).
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Theoretical Studies of the Gas~Phase Proton
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Affinities of Molecules Containing

-

Phosphorus-Carbon Multiple Bonds

Lawrence L. Lohx
Department of Chemistry
University of Michigan
Ann Arbor, MI 48109, USA

H. Bernhard Schlegel*
Department of Chemistry
Wayne State Universit:
Detroit, MI 48202, USA

and
K. Morokuma

Institute for Molecular Science
Myodaiji, Okazaki, 444, Japan

Abstract
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basis set and to the inclusion of correla-

tion ié aiSCﬁsséd. Tt is concTuded that while the PA's for Posite
and C-site protonation are found €o be nearly egual in both phos-
phaethene and phosphabenzene at the split-valence'SCF level, the
inclusicn of polarization functions for phosphorus and the consid-
eration of electron correlation both act to favor P-site protonation
over C-site protonation, with the isomerization energy being

. . -1 .
approximately 50 kJ mol fcr the sites.
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Localized Orbitals Based on the Fermi Hole

William L. Luken

Department of Chemistry
Mississippi State University
Mississippi State, MS 39762 USA

and

John C. Culberson

Department of Chemistry
University of Florida
Gainesville, Florida 32611 USA

The properties of the Fermi hole may be used to transform a set of canonical
SCF molecular orbitals into a localized representation of the electronic wavefunction.
Except for small changes required to maintain orthogonality, each localized orbital
is determined by an explicit linear combination of canonical SCF orbitals. The
coefficients in these expressions only depend on orbital amplitudes, and do not
require the evaluation of any integrals. Numerical results demonstrate that this

method may be applied to large molecules, and convergence problems associated with
conventional methods are completely eliminated.

Calculation of the Lower Vibrational Energy Levels of Formaldehyde

by a Variational Method

Bdrbel Maessen, Max Wolfsberg, Department of Chemistry,

University of California, Irvine, Califormia 92717, USA

A six-dimensional variational calculation for the vibrational energy
levels of CHZO and CDZO is carried out with the complete rotational-
vibrational Hamiltonian. Results are reported for different potantial
functions which have appeared in the literature. The contribution of
various terms in the Hamiltonian to the calculated vibrational spectrum

is investigated.



DIRAC-FOCK-ROOTHAAN SCF WAVEFUNCTIONS FOR ATOMS AND MOLECULESjn

G. MALLI

Department of Chemistry and Theoretical Sciences Institute

Simon Fraser University, Burnaby, B.C., Canada V5A 1S6

Lehrstuhl fidr Theoretische Chemie
Friedrich-Alexander-Universitdt Erlangen-Nirnberg

0-8520 Erlangen, Federal Republic of Germany

Abstract

The Dirac-Fock SCF theoryl has been very successful in the study
of relativistic effects in atomic systems using numerical
integration methods which will be very complicated for molecular
systems.

Alternatively, a matrix form of the Dirac-Fock (relativistic)
SCF formalism for use in the basis set expansion method of
Rootha’an2 for atoms® and moleculesl’4 will be delineated, pointing
out the difficulties associated with the relativistic treatment
of N-electron systems (N 22- 2). Results of calculations on various
atoms and molecules using Slater}'2 and Gaussiané-type basis

functions will be presented and discussed.

References:
1

of the relativistic theory and its applications to many-electron

systems, see: G. Malli (Ed.), Proceedings of a NATO Advanced Study

Institute on Relativistic Effects in Atoms, Molecules and Solids,

(Plenum Press, New York, 1983). This work contains references to
a large number of earlier papers which may be consulted by the
reader.

C.C.J. Roothaan, Rev. Mod. Phys. 23, 6% (1951).

(a) Y.K. Kim, Phys. Rev. 154, 17 (1967).

(b) T. Kagawa, Phys. Rev. Al2, 2245 (1975).

2

For a very comprehensive and an upto-date account of the foundations
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4 (a) G. Malli and J. Oreg, J. Chem. Phys. 63. 830 (1973).
(b) 0. Matsuoka, N. Suzuki, T. Aoyama and G. Malli, J. Chem,
Phys. 73, 1320 (1980).
r= 2 (a) G. Malli and J. Oreg, Chem. Phys. Lett. 69, 313 (1980);
Erratum ibid 73, 617 (1980).
l (b) Y.S. Lee and A.D. Mclean, J. Chem. Phys. 76, 735 (1982).
® (2) G. Malli, Chem. Phys. Lett. 68, 529 (1979).
(b) T. Aoyama, H. Yamakawa and 0. Matsuoka, J. Chem. Phys. 73,
1329 (1980).

iThiswork vas supported in part by the Natural Sciences and
Engineering Research Council (NSERC) of Canada through grant
No. A 3598. '

*ﬁlexander von Humboldt Foundation Fellow 1983.



STIMULATED RAMAN AND THIRD-ORDER NONLINEAR SPECTRA
AT HIGH PHOTON DENSITIES

Constantine Mavroyannis
Division of Chemistry
National Research Council of Canada

Ottawa, Ontario, Canada K1A OR6

We have studied the stimulated Raman spectra
arising from the interaction of a three-level atom in the “V"
configuration with two strong electromagnetic fields whose
initially populated modes W, and w, are in resonance with the two
atomic transition frequencies. The Green's function formalism
has been used in the limit of high photon densities to caTcQ1ate
‘the excitation spectra near the frequencies m=mab=t(ma-wb).
Expressions are derived for the relative intensities,
which describe, apart from the usual Raman peak at the frequency
WEu four pairs of Lorentzian lines peaked.at the frequencies
m=mab=t9a//2, :gb//z, +Q and *29, respectively, and having
spectra widths of the order of 370/4. The parameter @ is defined
as Q2=(Q§+Q§)/2, where 2, and Qy are the Rabi frequencies of the
two laser fields and Yo is the spontanécus emission propability.
Since the Raman process competes with those arising from the
third-order nonlinear mixing of frequencies near m=wa—2mb

and wb-Zma, respectively, the excitation spectra for the
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lTatter processes are calculated as well. The excitation spectra
near the reduced frequency X=(m-ma+2wb)/Y0=0 are considered as a
function of the reduced Rabi frequencies na=ﬂa/70 and nb=9b/yo of
the two laser fields, respectively. For N Ny the spectra -
consist of a doublet peaked at X=tnb//2 and its intensity is
constant. When Na¥Nys the spectra are composed of five pairs of
bands peaked at X=tna/0.15, :na//z, ina, :na/2 and tna/3. When
“a>“b’ the computed spectra consist of five pairs of bands,

where the intensities of the peaks at X=tnb//2 and tna//Z are
positive indicating absorption, those at X=tnb/2/2 are negative
implying amplification and the two pairs of peaks at X=tnb/2 have
positive and negative components describing the mixed process of
absorption-amplification. The intensities of these bands are
found to vary as (na/nb)z for (na/nb)>1 and, therefore, the
Intensities of the bands are immensely enhanced as the value of
the ratio (na/nb) increases. Results of numerical calculations
for selected values of Rabi frequenices are graphically presented
and discussed. Comparison between the spectra arising from the

processes in question is considered.

References:

C. Mavroyannis, Can. J. Phys. 59, 1917 (1981)

C. Mavroyannis, K.J. Woloschuk, D.A. Hutchinson and C. Downie,
Can. J. Phys. 60, 245 (1982)

C. Mavroyannis, Mol. Phys. 48, 847 (1983); Phys. Rev. A27,
1414 (1983).



- Calculations on Resonances Using Complex
Basis Function Methods: What Happened to
the Complex Coordinates Idea?

C. William McCurdy
Chemistry Department, Ohio State University, Columbus, OH 43210

Resonances are a common feature of electron-atom and electron-molecule
scattering as well as of other types of molecular collisions. Low energy (0-5 eV)
shape resonances occur in the scattering of electrons from many diatomics and from
almost every organic molecule containing a double bond., ! A more common phenomenon
still is the occurrence of higher energy Feshbach resonances in electron-molecule
scattering. Vibrational excitation by electron impact and dissociative attachment
generally proceed with greatly enhanced cross sections at resonance energies, while
autoionization and Penning ionization occur exclusively as resonance processes. For

the simplest theoretical treatment of these processes2 we require the complex

resonance energy, E.. . (R),

Ees(R) =E®R) -iN(R)/2,

where ER(R) is the position and T(R) the width, as a function of the nuclear
coordinates, R. An obvious, and by now time-worn, problem in theoretical chemistry
is to devise a reliable and general way of calculating this complex potential
surface which uses only techniques similar to the ordinary bound-state methods of
quantum chemistry.

The original complex coordinates idea, which was based on theorems of Balslev,
Combes and Aguilar3 promised to provide just such an approach. By scaling the
coordinates of all the electrons in a system by a complex scale factor, ei“,

according to {r } - {ela r }, the wave function associated with the complex

resonance energy can be rendered square integrable and that is sufficient to make

its calculation possible using the basis function methods of quantum chemistry. But
although this formally correct and counceptually simple approach provided numerical
results for two-electron systems,4 it is generally unreliable for many-electron
systems and is beset with numerical instabilities for most molecular systems.

The subject of this talk is the second gemeration of "direct methods" for

computing complex.resonance energies which are not subject to the computational

P
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pathologies which limit the complex coordinates approach. Most of the second
generation methods (and all of the omes to be discussed here) can be viewed as
variants of a complex variational principle which alleges that the following

expression for the complex resonance energy

GDI(*)
GDT(*)

Ydr
Ydrt

g = (9
res f(‘f’)

is stationary with respect to (real and complex) variations in ¥, Among the

methods and calculations which will be reviewed and placed in the context of a

complex variational principle are:

1) The Method of Complex Basis Functions®

2) The Complex Self-Consistent-Field Approximation7 (and molecular
applications)

3) The Complex Stabilization Method8

4) The Saddle-Point Complex-~Rotation Method?

5) The Analytic Continuation of Stabilization GraphslO

I will attempt to outline the state of the art in resonance calculations by
"direct methods" and to give an indication of the possibility of using these tech-

niques for calculations on nonresonant scattering problems.

References

l. See for example: K.D. Jordan and P.D. Burrow, Accounts of Chemical Research 11,
341 (1978).

2. Namely the "boomerang model" described by L. Dube and A. Herzenberg, Phys. Rev.
A 20, 194 (1979), or its time dependent version described by C.W. McCurdy and
J.L. Turner, J. Chem. Phys. 78, 6773 (1983).

3. J. Aguilar and J. Combes, Commun. Math. Phys. 22, 269 (1971); E. Balslev and J.
Combes, Commun. Math. Phys. 22, 280 (1971).

4. See for example: G.D. Doolen, J. Nuttall and R.W. Stagat, Phys. Rev. A 10, 1lel2
(1974).,

5. For the definition of GDI(*) and a general discussion see W.P. Reinhardt, Ann.
Rev. Phys. Chem. 33, 223 (1982).

6. C.W. McCurdy and T.N. Rescigno, Phys. Rev. Lect. 41, 1364 (1978).



7. C.W. McCurdy and R.C. Mowrey, Phys. Rev. A 25, 2529 (1982); J.F. McNutt and C.W.

McCurdy, Phys. Rev. A 27, 132 (1983).
8. B.R. Junker, Int. J. Quantum Chem. 145, 55 (1981).
9. K.T. Chung and B.F. Davis, Pnys. Rev. A 26, 3278 (1982).

10. C.W. McCurdy and J.F. McNutt, Chem. Phys. Letts. 94, 306 (1983).

Towards Computer-aided Quantum Chemical Synthesis Design

P.G. Mezey

Department of Chemistry
University of Saskatchewan
Saskatoon, Saskatchewan S7N OWO
Canada

Abstract:

In the last decade computational guantum chemistry has become
an important complement of experimental chemistry, as it can provide
detailed information on molecular processes that is not available
using current experimental methods. One area of experimental
chemistry that has not yet been the target of a systematic effort
by quantum chemists, is computer aided quantum chemical synthesis
design, and only isolated attempts and results have been reported
so far. Whereas some of the computational difficulties still appear
formidable, there are good reasons to be optimistic: on the one hand
there is a continuous and still accelerating improvement in the
available computer technology, and on the other hand, some of the
more advanced mathematical techniqgues lead to substantial simplifi-
cations.

The topological model of potential energy hypersurfaces and
the differentiable manifold theory of the nuclear configuration
space offer some computational simplifications. Reaction topology
forms a rigorous quantum chemical basis for a topological definition
of meolecular structure and reaction mechanisms, and it leads to a
global gquantum chemical reaction network model, within which all
possible reactions involving a given set of nuclei and electrons can
be analysed. '

P.G. Mezey, Theor. Chim. Acta 60, 409 (1982).
P.G. Mezey, J. Chem. Phys. 78, 6182 (1983).



Many-valued surfaces and their approximate single-valued

representation

J.N. Murrell

The potential energy surfaces of many simple polyatomic
molecules are many-valued. The ground state of H,0, for
example, must, by the Wigner-Witmer rules, satisfy the

following dissociation scheme

HZ(X,.lZg‘F) + O(lD) (a)
~ 1 Hz(ar3zu+) + O(3P) (b)
OH(X,“I) + H(“S) (a)
o (a,%t™) + u(®s) (b)

There are two sheets to this surface which we can associate
with diabatic states (a) and (b) whose dissociétion fragments
are indicated in the above scheme. The 2-valued surface can
be represented by the eigenvalues of a 2x2 matrix and analy-
tical functions for the elements of this matrix have been
published (11].

For dynamical calculations (e.g. classical trajectories)
the use of many-valued surfaces is expensive and approximate
single-valued representations have usually been used. 1In this
paper a new apprcach is described for the construction of such
surfaces which appears to have general applicability and which
balances the necessary approximations with accuracy for
dynamical calculations. The method will be described in detail

for HZO and in general terms for the more complicated ground

state surface of HZOZ‘ J.N. Murrell

l. J.N. Murrell, S. Carter, I.M. Mills and M.F. Guest,
Molec.Phys., 42 605 (1981)



Electronic transitions in atomic and molecular dynamic processes

Hiroki NAKAMURA
Division of Theoretical Studies
Institute for Molecular Science

Myodaiji, Okazaki 444 Japan

There are four basic interactions which govern electronic
transitions in the low energy atomic and molecular processes.
Theoretical treatments of these interactions are reviewed
briefly. A particular attention is paid to the nonadiabatic
transitions induced by radial and rotational coupling in
atomic collisions. A unified treatment of these transitions

is shown to be possible by using the recently proposed

dynamical-state representat;i.on.l A general many-state

spectroscopy as well as collision problem can be dealt with

uniformly by the semiclassical formalism in this representation.

2,3

Some practical applications are presented. Discussions

will also be made about a possible generalization of the

basic idea to a wider class of dYnamic problems.4

1. H. Nakamura, Phys. Rev. 26A, 3125 (1982).
2. H. Nakamura and M. Namiki, Phys. Rev. 24A, 2963 (1981).
3. H. Nakamura, Chemical Phys. (in press)

4, U. Fano, Phys. Rev. 24A, 2403 (1981).
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The Quantum States of a Moderately Rarefied Fluid
cf Spinless Bosons

Grigory Natanson and R. Stephen Berry

Department of Chemistry and the James Franck Institute
The University of Chicago
Chicago, Illinois 60637, US4

A well-understood model for a fluid is the Gartenhaus-Schwartz
nuclear model, a collection of N identical particles held to-
gether by pairwise harmonic attractions with no other forces.
While this model is useful as an extreme soluble limit, it is
desirable to have a more realistic limiting case to treat mole-
cular fluids, especially to take into account the short-range re-
pulsions between atomic particles. The quantum states of a
cluster of spinless identical bosons are derived for the
Gartenhaus-Schwartz model perturbed first by an arbitrary pair-
wise interaction and then by the specific example of a pair-wise
§-function interaction. The explicit relation is established
between the quantum states of such a S5-atom cluster and a nearly-
rigid van der Waals molecule formed by the same atoms.

ON DYNAMICAL SYMMETRY OF MOLECULAR SYSTEMS IN THE HIGH-BARRIER LIMIT

Grigory A. Natanson
Department of Chemistry and the James Franck Imstitute,
The University of Chicago, Chicago, I1l. 60637, USA

The effective potential energy surfaces for nuclear motion in the configu-
rational spaces of molecules can usually be treated as decomposable into '"feasible'
domains separated by infinite barrdiers. An approximate global Hamiltonian is
represented as a sum of localized Hamiltonians. Its energy levels generally form
a highly degenerate set, the basis of some additiomnal symmetry of the Hamiltonian.
The ith localized Hamiltonian is defined in the ith feasible domain and must be
invariant under those symmetry operations of the accurate Hamiltonian which convert
this domain into itself. Feasible permutations and permutation~inversions give the
best known example. For an impurity molecule rotating in a crystal field one has
to introduce feasible operations of a new kind: the so-called "perrotations" which
are products of pure permutations and proper or improper rotations. In the space
of dynamical variables feasible operations generate dynamical symmetry groups:

"the dynamical permutation-inversion group' for an isolated molecule and " the
dynamical perrotation group' for a molecule rotating in a crystal. Different
examples are discussed.



THE 'DRESSED' MOLECULE PICTURE

OF STRONG FIELD DYNAMICS
by

T. Tung Nguyen-Dang*, A.D. Bandrauk+
Département de chimie
Faculté des sciences
Université dg Sherbro§ke

Sherbrooke, Qué, J1IK 2R1l, Canada

* Quebec Science & Technology Research Fellow.

+ Killam (Canada Council) Research Professor.

ABSTRACT

The general molecular Hamiltonian is reexamined by the methods
of quantum electrodynamics (QED) in the case of strong fields. General
couplings are derived which go beyond the space-translation method.
These couplings account for multiphoton infraredg absorption, electronic
absorption and photon scattering in molecular systems for intense fields
where perturbative methods are no longer valid. The reduction of the
QED method to the classical methods used in present dynamics is obtained
and ériteria for the validity of the classical methods are astablished.
Examples will be illustrated of strong field effects (i.e. dressing of

electrons and nuclei) on reaction dynamics.



THE STABILITY OF OPEN-SHELL SPECIES - THE RELATIVE NET
STABILIZATION ENERGY, ASE°[R° ,RX], OF ALKYL RADICALS (R°) IN
THE GAS PHASE. A. Martin de P. Nicholas and Donald R. Arnold,
Department of Chemistry, Dalhousie University, Halifax, N.S.,
B3H 4J73.

The net stabilization energy of an open-shell species
(R') is defined with respect to R(RX), the R component of the
closed shell species RX. These components (R(RX)) are chosen
such that they contain the same (or approximately the same)
number of electrons as R and differ from it only in the
spatial arrangement of atoms and distribution of charge.

This work shows that relative BDH(R-H) values cannot be
equated to relative radical stabilization energies. The
ASE°[R’, RX] values measured relative to the ethyl radical
show that the methyl radical is more destabilized and the
n-propyl, iso-propyl and t-butyl radicals are more stabilized
than predicted from the corresponding relative BDH(R~X)
values. i '



A Theoretical Simulation of Interactions in
Transmembrane Ionic Channels

S.H.M. Nilar and S. Fraga
Department of Chemistry
University of Alberta
Edmonton, Alberta
Canada

Interaction energies calculated from a %-expansion are used to
determine the central energy barrier in the transport of Li+, Na+, K+ and
CaZ+ through the transmembrane jonophore Gramicidin A. The %-expansion
used ‘has been parameterized to reproduce ab-initio energies.

On the basis of the results obtained for their interaction with the
1onophofe, it is shown that the toxicity of tetrodotoxin and saxitoxin
may be due to the blocking of the channel pore, thus interferring with
the ionic transport.

Similar studies on the anesthetic activity of diethyl ether showed
a preferred attachment of the ether to the pore (by cbmparison with

water) and a more favourable interaction with acetylcholine than with

Na¥ in the synaptic cleft.



THE MINIMUM DEFORMATION OF ORBITAL PATTERNS.
THE PRINCIPLE FOR THE UNIFICATION OF
FUKUI-WOODWARD-HOFFMANN THEORY

Hiroyuki NOHIRA

Department of Applied Chemistry
Faculty of Engineering, Saitama University

Shimo—okubq, Urawa, Saitama 338, Japan

The frontier orbital theory developed by K.Fukui and the
orbital symmetry conservation theory by R.B.woodward and
R.Hoffmann stand out in sharpvcontrast to each other on the
theoretical frameworks, particularly in which the former takes

account of the frontier molecular orbitals of only reactants,

whereas the latter does the symmetry of molecular orbitals

of both reactants and products.

We now wish to show more clear-cut definitions of concerted
reactions and correlation diagramé, and then elucidate that
the two types of chemical reaction theory described above can
be consistently unified to form a new basic principle of a

minimum deformation of orbital patterns in a concerted reaction

as a more complete and inclusive chemical reaction theory.



PROTON AFFINITY OF GERMANE(GeH4)

Susumu Sudo, Shigeyoshi Katagiri Hirosaki University
Sigeru TIkuta Tokyo Metropalitan University
Okio Nomura, Masashi Imamura The Inst. Phys. and Chem. Res.

By ion-beam scattering experiment, Lampe suggested that the
proton affinity of GeH, is 7.01~7.llev and the GeH, should be
more basic than methané and silane. Theoretically, on the other
hand, Hartmann calculated the proton affinity of GeH by the
0ne—c$nter expansion method, assuming the protonated*Germane
(GeH.') to be C, , C » and D symmetry. In his calculations,
the B structufre gavg the lowest energy and the proton affinity
was o%%ained to be 6.04ev However, Hartmann did not consider
the C_ structure for Gexn r SO we studid the proton affinity of
GeH4 Yy ab initio LCAO~M8 method by taking into consideration
both structure D h and C_. The basis set used in our calcula-
tion is an extenéed basiS set including f orbitals for the
germanium. The very interesting result is Obtained that the
GeHS* is lowest in eénergy when it has the cS symmetry. The
calCulated proton affinity is to be 6.87eV Snd is good agreement
with+the experiment. Moreover, the calc lated structure of

GeHS seems to be o-complex between GeH3 and H2.

Two~Dimensional Hindered Internal Rotations in Activated Complexes. Philip D.

Pacey and Brian D. Wagner, Department of Chemistry, Dalhousie University,
Halifax, Nova Scotia, Canada, B3H 473

Bending motions in an activated complex, of the form ABy, are treated as a
two-dimensional internal rotation hindered by a sinusocidal potential function.
Energy levels and thermodynamic quantities are calculated for such motions‘
and the results are incorporated into activated complex theory and are applied
to several reactions of current interest. Replacement of the usual harmonic
bending potential by a sinusoidal one has the following effects: (i) the concept
of reaction path degeneracy is replaced by nondegenerate states, (ii) the zero
point energy of the complex is decreased, (iii) at low temperatures, Arrhenius
plot curvature is greater, (iv) at high temperatures, the expression for the
rate constant has the same form as that from simple collision theozry.
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FIRST QUANTUM CORRECTIONS TO SECOND VIRIAL COEFFICIENTS FOR -

ANISOTROPIC INTERACTIONS. SIMPLE, CORRECTED FORMULA.a>
Russell T Packb)

Theoretical Division (T-12, MSJ569)
Los Alamos National Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

A simple formula for the first quantum correction to the second virial
coefficient, valid for the interaction of any like or unlike combxnat10n of
atoms, dlatomlcs, spherlcal top, or symmetric top molecules is given. It is
found that the commonly used formulas of Wang Chang contain an error that
omits an anisotropic contribution. The sizes of the different contributions
to the quantum correction are discussed. As examples, calculations for

He—SFg and He-COp are reported.

a)york performed under the auspices of the US Department of Energy.

®also Ad junct Professor of Chemistry, Brigham Young University.



Toward Accurate Characterization of Potential Energy Surfaces
Analytical Gradient for a Selected Reference MCSCF/CI Wave Function

Michael Page*, Paul Saxe*, George F. Adams and Byron H. Lengsfield, III

Ballistic Research Laboratory
DRDAR-BLI Aberdeen Proving Ground
Aberdeen, MD 21005

The Configuration Interaction Technique, coupled with a smoothly varying,
qualitatively correct multiconfigurational reference function promises to
provide a tractable, accurate means of investigating potential energy
surfaces. A great deal of this promise comes from recent developments in
analytical potential energy gradient techniques for CI wavefunctions using as
- references all of the configurations in an MCSCF.

The gradient formalism is extended here to include CI wavefunctions which
consist of excitations from only selected MCSCF configuratioms. The
difficulty is that, contrary to the MCSCF energy, both the CI energy and its
derivative may not be invariant to some of the rotations among the partially
occupied (active) orbitals of the MCSCF. This ambiguity in the CI energy is
commonly removed by requiring that the active orbitals be natural orbitals, as
well as satisfy the MCSCF stationary conditions, We similarly remove this
ambiguity in the gradient by requiring that the following two conditions be
satisfied to first order upon a perturbation of the molecular geometry: 1.
The MCSCF variational conditions and 2. The Natural Orbital condition on the
active orbitals. The first requirement leads to the so .called coupled
perturbed MCSCF equations and the second requirement leads to new equations
which serve to define the direction of mixing of the active orbitals with
nuclear perturbation.

*NRC-BRL Post Doectoral Fellow



Abstract

Aspects of Density Functional Theory

Robert G. Parr

Recent developments in the density functional theory of few-electron
systems will be reviewed, including the formal theory for fractional particle
1 ; ,
number,  the consequences of the fact that real systems always have integral

b

particle number, the question of how to determine the chemical potential
. 2 . . .
from an electron density,” a discovery concerning the covalent radius of an

atom,3 and the definition of the hardness of a chemical species.4

1. J. P. Perdew, R. G. Parr, M. Levy and J. L. Balduz, Jr. Phys. Rev. Lett.
ﬁg, 1691 (1982).

2. R. G. Parr and L. J.‘Bartolotti,_J. Phys. Chem., in press.

3. P. Politzer, D. R. Murphy- and R. G. Parr, J. Chem. Phys., submitted.

4. R. G. Parr and R. G. Pearson, J. Am. Chem. Soc., submitted.



Remarks on "Quantum Chaos”
Philip Pechukas
Department of Chemistry
Columbia University
New York, N.Y. 10027
U.S.A.
, 1 , 2 3 , ,

Ancient, medieval, and modern” calculations in quantum
ergodic theory will be briefly reviewed. Then the controversial
guestion, By what sign shall we recognize "quantum chaos"? will
be addressed. Some think that "gquantum chaos"” reveals itself
in the spatial pattern of eigenfunctions; others, in the
spectral pattern of eigenvalues. All are right. In the
semiclassical limit h + O the spatial pattern of eigenfunctions
determines the spectral pattern of eigenvalues, by the
"statistical mechanics" of the "equations of motion" that

, , 4 , s -
govern the eigenvalues as h varies. The distribution of

energy eigenvalues to be expected in a chaotic system will

be derived and discussed.

1. J. von Neumann, Z. Phys. 57, 30 (1929).

2. I. E. Farquhar and P. T. Landsberg, Proc. Roy. Soc. a4 239,
134 (1957); P. Bocchieri and A. Loinger, Phys. Rev. 114,
948 (1959).

3. P. Pechukas, Chem. Phys. Lett. 86, 553 (1982), and unpublished
work.

4. P. Pechukas, preprint.




The Complete Basis Set Correlation Energy of H,0

G. A. Petersson and A. Yee

Hall-Atwater Laboratories of Chemistry
Wesleyan University
Middletown, Connecticut 06457

The major source of error in most molecular ab-initio
calculations is the effect of truncation of the one-
electron basis set on the correlation energy. The use

of atomic pair natural orbitals to construct a DZ+P basis
set reduces this error for H,0 by 0.030 hartree (Ecorr =
~0.2687) relative to conventional DZ+P basis sets of
contracted Gaussian functions. Extrapolation of the correla-
tion energy to a complete basis set using the asymptotic
convergence of pair natural orbital expansions reduces this
error by an additional 0.092 hartree (calculated: -0.3611,
experimental: -0.370+.003 hartree). Without extrapolation
the DZ+P basis sets give 0.0063 hartree extra correlation
energy in H,0 relative to Neon, the united atom limit.
However, the asymptotic extrapolation reverses the sign of
this difference and favors correlation in Neon by 0.0158
hartree in agreement with experiment (0.019£.003), suggest-
ing that complete basis set extrapolations will be useful
for calculating changes in the correlation energy.



QUANTUM CHEMISTRY WITHOUT BASIS SETS:
HARTREE-FOCK-ST.ATER AND HARTREE~FOCK CALCULATIONS ON DIATOMIC MOLECULES

Leif Laaksonen, Pekka Pyykk§ and Dage Sundholm

Department of Physical Chemistry, Abo Akademi, 20500 &bo (Turku), Finland
On leave of absence at Department of Chemistry,University of Helsinki.

Fully numerical, two-dimensional (2D) apprcaches to quantum chemical calculatioms
on linear molecules are developed. The angular variable, ¢, is treated analyti-
cally and the other two numerically. Relaxation methods with 7-point finite-dif-
ference approximations are used to solve the Schrddinger equation, the Poisson
equation for V. and a Poisson-like equation

vE = 4my.un (1)
for the exact exchange potential V4. Results are presented for the one-glectron
molecules HE and HeH** 1, the two-electron molecules Hy and HeH* 2 the HF li-
mits of LiH and BH3 or the HFS limits of 2nd-row diatomic molecules, up to Fo.
A HFS bond-length for Cry is also reported.
Our numerical accuracy is believed to exceed that of McCullough's seminumerical
or Becke's analogousZD-HFS results by about two orders of magnitude.

1. IJQC 23(1983)309. 2. IJQC 23(1983)319. 3. CPL 96(1983)1.

RELATIVISTIC QUANTUM CHEMISTRY: SOME RECENT RESULTS
P. Pyykkd

Department of Chemistry, University of Helsinki, Et.Hesperiank.4, 00100 Helsinki;
Department of Physical Chemistry, Abo Akademi, 20500 &bo(Turku), Finland

Work by others includes 1) Improved high-precision studies of few-electron atoms,
notably by Hata and Grant, 2) Inclusion of core-valence correlation by polarisa-
tion potentials, by explicit CI in pseudopotential molecular calculations, or by
a local~density cocrrelation method.

Work in the author's group includes a) An interpretation of the phctoelectron
spectra of bismuth trihalides, with evidence for a novel, relativistic hybridiza-
tion, dominated by the spin—orbit splitting of Bil!, b) A cluster-model study of
nuclear spin-spin coupling and densities of states in solid CdTe, HgTe and PbTeZ2,
¢) A suggestion that Pitzer's relativistic hybridization rules would already in-
fluence the ionic dissociation potentials of the halogen molecules?, d) Explicit
tables of relativistic representation and rotation matrices for 38 point groups
and e) A discussion on the relativistic theory of NMMR chemical shifts?,

1. R.G. Egdell, M. Hotokka, L. Laaksonen, P. Pyykkd and J.G. Snijders, CP 72
(1982)237. 2. A. Viste, M. Hotokka, L. Laaksomnen and P. Pyykk&, CP 72(1982)225.
3. P. Pyykkd, Finn.Chem.Lett.(1982)119. 4. P. Pyykkd and H. Toivomen, Acta Acad.
Aboensis B43(1983),N0.2,50 p. 5. P. Pyykkd, CP 74(1983)1,

E“



Reliable Gaussian Basis Sets for Calculations of Interaction
Energies in Systems of Closed-Shell Atcms

Elzbieta Radzic—-Andzelm
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada

Jan Andzelm ;
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada and
Department of Chemistry, Agricultural and Teachers University, Siedlce,Poland

+

Energy-optimization method of constructing Gaussian atamic basis sets which
allows for reliable description of electron distribution in valence atomic
region has been developed and applied to prepare medium-size minimal basis sets
for inert-gas atoms fram necn to xenon. Molecular minimal and split-valence
calculations for homo- and hetero-nuclear pairs of inert-gas atoms have been
performed.

The present values for interaction energies compare well with those obtained
using more extended basis sets, particu.larly for systems consisting of heavier
atoms.

The present results indicate that medium-size Gaussian basis sets prepared
according to the proposed method can be useful for calculations on weakly
bonded systems of closed-shell atoms, particularly those composed of heavier
elements, where at fairly low cost reascnable values of interaction energies
can be obtained.



Deviations from the Linear Mixture Rule in Nonmequilibrium Chemical Kinetics,

J. E. Dove and J. S. Halperin, University of Toronto; S. Raymnor, Rutgers

University.

In experimental studies of vibrational relaxation, dissociation, or
iscmerization of molecular gases, it is common to use mixtures of the
reacting gas with inert diluents. Rate constants for the reaction in pure
reactant gas or pure diluent gas are then evaluated by extrapolation using

the linear mixture rule (IMR):

| fom TR R

where X, is the mole fraction of gas i and ki is the rate comnstant for

the reaction in pure component i.  However, this rule is only obeyed
rigorously for first order or pseudo-first order processes having a single
rate-determining step or which proceed at thermazl equilibrium. We will
demonstrate theoretically that deviations from the linear mixture rtule are
erue > kLMR) and will show with model calculations

that these deviations may lead to large overestimates of the true pure

always positive or zero (k

component rate constants when the linear mixture rule is used.

T



Abstract of invited talk to be presented at the 8th Canadian Symposium on
Theoretical Chemistx_—y, Dalhousie University, Halifax, Nova Scotia, August 7-12,
1983.

Theoretical Concepts_in_the Phyvsics of Conducting Polymers. M.J. Rice, Xerox
Webster Research Center, Webster, N.Y. 14580, USA

Over the course of the past few years the soliton modell:2 of lightly doped
polyacetylene has rekindled theoretical interest in the physics and, in particular, the
elementary excitations of linearly conjugated polymers.3 Here, the central concepts
and achievements of this research activity will be reviewed. A short description of
the origin of the soliton model will introduce the talk. This will be followed by
pictorial accounts of the pivitol concepts of the half-filled Peierls insulator, the
soliton, the polaron and their connection with model reladvistic field theories. 47
The intriguing phenomenond of fractional charge will be focused upon and
illustrated particularly for the case of the diatomic conjugated polymer?
+A = B+ ,. The fascinating connection with relativistic field theory will be
illustrated for the linear carbon polymer polyyne, +C = C3 ,, which will be
suggested!® to be a potential experimental realization of a four flavored fermion

field coupled to a spontaneously symmetry-broken Bosc field.

References

1. M.J. Rice, Phys. Letts. 71A, 152 (1979).

2. W.P. Su, R.J. Schrieffer and A.J. Heeger, Phys. Rev. Lett. 42, 1698 (1979).



3. See, e.g., Proc. Inter. Conf. on the Phys. and Chem. of Conducting Polymers,
Les Arcs, France, 11-14 December, 1982, to appear in J. de Physique

(collogues).

4. S.A. Brazovskii, Sov. Phys. JETP 51, 342 (1980); S.A. Brazovskii and N.N.
Kirova, JETP Lett., 33, 4 (1981). ‘

S. H.Takayama, Y.R. Lin-Liu and K. Maki, Phys. Rev. B21, 2388 (1980).
6. LV.Krive and A.S. Rozhavskii, JETP Lett. 31, 610 (1980).

7. D.K. Campbell and A.R. Bishop, Phys. Rev; B24, 4859 (1981).

8. R.Jackiw and R.J. Schrieffer, Nucl. Phys. B190 (FS3), 253 (1981). |

9. M.I Rice and E.J. Mele, Phys. Rev. Lett, 49, 1455 (1982).

10. M.I Rice, AR. Bishop and D.K, Campbell, preprint 1983.



Structure and Properties of the Liquid-Vapor

Interface of a Metal
Stuart A. Rice

The Department of Chemistry and The James Franck Institute

The University of Chicago, Chicago, Illinois 60637

ABSTRACT

Recent theoEetical studies of the structure and properties of the liquid-
vapor interface of a metal will be described. It is found that the changé in
electron density in the transition zone between liquid and vapor induces a
change in the ion-ion interaction which in turn leads to density oscillations,
with a spacing of about an atomic diameter, for several layers into the bulk
liquid. This layering induces anisotropy in the electrical conductivity at the
surface, and also influences the dynamics of collective surface excitations.

Experimental tests of the theoretical predictions will be discussed.



LARGE AMPLITUDE VIBRATIONS: COUPLING BETWEEN A STRETCH AND A BEND.
MARTIN L. SAGE, SYRACUSE UNIVERSITY.

The energy levels and spectroscopic intensities for two coupled vibra-
tions is determined where one of the vibrations is astrongly anharmonic stretch
which is undergoing large ampliitude motion while the other is a bend. In
particular a comparison will be made between spectra predicted with a model in
which G-matrix elements are taken as constants and a model in which the actual
dependence of G-matrix elements is considered. These results will be applied to

gas phase spectra of methanol in the region of high overtones of the 0-H
stretch.!»?

Calculations will be made using an anharmonic oscillator basis where the
potential is assumed to include one Gaussian factor times a constant plus an
inverse square term. Like the Morse potential, this model has three parameters,
the force constant at equilibrium, the equilibrium bond length, and the
dissociation energy. It has the advantage of a vanishing wavefunction for zero
bond length. This basis set yields finite matrix elements for the kinetic
energy which has inverse first and second power dependence on bond length.®

1
H. L. Fang, D. M. Meister and R. L. Swofford, 38th Symposium on Molecular
Spectroscopy, Columbus 1983 and to be published.

2

M. L. Sage 38th Sympoisum on Molecular Spectroscopy, Columbus 1983 and to be
publ ished.

3
M. L. Sage, to be published.
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- —_— f i



Unimolecular Reactions of hiethylene Amidogen (CH N)

Paul Szxe*, Michael Page*, Byron H. Lengsfield IIT
and George F. Adams

U, S. Army Ballistic Research Laborzatory DRDAR-BLI
Averdeen Proving Ground
Aberdeen, lMd., 21005

Methylene amidogen has been observed or invoked as
& decomposition product of nitramines such a2s RDX and HIX
and as an intermediate in flames using—NO2 as the oxidiger.
However, under experimental conditions, it has a rather
short lifetime. Ve have undertaken an sb initio situdy of
several of the unimolecular reactions of methylene amidogen
in part to understand the short lifetime, but also to
orovide data for modeling the decompostion of the nitra-

Y

mines. The reactions studied include the aydrogen

migration to form HCNH; elimination of a hydrosen a2tonm

from both CHéN’and HCNH; the cis-trans isomerization of

HCNH; and, less thoroughly, the elimination of H,. Structures
of the wvarious stationary voints were found 2% both CASSCF
and single reference CISD levels of theory using 2 basis

of at least double~zeta nlus nolarizaestion cuality. Further
calculztions with larger bhasis sets znd mulii-reference
£I53D have been performed, especially fo

0of T from Cﬁzﬁ. The barrier for this 1lzet rsacti
subgtantially lower fthan that in all o)
with The excention of the cis-%trans

* @?u-:?L Postdoctoral Fellow.



Ab initio molecular orbital studies on

Carbene and Silylene Insertions into Single Bonds

Carlos Sosa and H. Bernhard Schlegel

Dept. of Chem., Wayne State University
Detroit, Michigan 48202 USA

The reactivity toward insertion into single bonds has been ex-
amined for a series of substituted carbenes (CHZ, CHF and CF
and silylenes (SiH

)

2> SiHF and SiFZ). For-insertion into Hz,_2
dramatic increases in the barrier height have been found in both
the carbon and the silicon series as the number of fluorines is
increased. Insertions into CH4, SiH4, CHSF and SiHSF show simi-
lar trends. Full geometry optimization of the reactants, transi-
tion structures and products was carried out at HF/3-21G and
HF/6-31G*. Vibrational frequencies and zero point energies were-
computed at the HF/3-21G level. Heats of reaction and barrier .
heights were calculated with fourth order Mgller-Plesset pertur-

bation theory (MP4SDQ) at the Hartree-Fock geometries.



Nonlinear Schrddinger-Type Field Equation for the Description of Frictionally
Damped Free Motion and Free Fall

D. Schuch, K.-M. Chung, and H. Hartmann

Institut fUrAPhysika1ische und Theoretische Chemie der Johann Wolfgang Goethe
Universitdt, Robert-Mayer-Str. 11, D-6000 Frankfurt (Main), FRG

With the aid of a recently developed new theory for the description of dissi-
pative systems (see e.g. J. Math. Phys., April 1983) frictionally damped free
motion and free fall can be described by nonlinear Schrddinger-type field equa-
‘tions with logarithmic nonlinearity. A wavepacketlike solution as well as time-
dependent wave solutions are derived and discussed. In the Timit of disanpearing
friction (y20) the solutions turn into the well-known solutions of the respec-
tive linear Schrddinger field equation. The same also applies to the mean values
of position, momentum and energy, as well as to the uncertainty product of posi-
tion and momentum. For v# 0, however, interesting new effects appear. So, e.g.
for time t+® in contrast to the linear theory the uncertainty product does
not diverge any more, but asymptoticé]]y approaches a definite constant value
which depends on characteristic parameters of the system Tike its mass, initial
width and friction constant v.



Multiconfiguration SCF and Mulbtireference CI Calculations

of Bond Breaking in Molecules

Isaiah Shavitt

Department of Chemistry, Ohio State University, Columbus, Ohio 43210, USA

The calculation of potential energy surfaces which provide a balanced
treatment of different regions of the surface, including asymptotes and
spin-recoupling regions, is best carried out in a multireference context,
with orbitals specifically optimized for this type of treatment. A com-
parison will be presented of multireference and single-reference based
treatments of the symmetric stretching mode and bond breaking in the water
molecule in a DZ basis, for which full CI results are now available for
reference. Also described will be a series of attempts to caleculate an
accurate potential energy curve for the oxygen molecule in the ground state,
extending to the dissociation limit, by MCSCF and multireference CI methcds.
The requirements for a satisfactory description of this potential curve
appear to be rather extensive, both in terms of the basis set and the
reference space. Selection techniques designed to make such treatments
feasible will also be discussed.

This work has been carried ocut in collaboration with Drs. Franklin B.
Brown of Ohio State University and Ron Shepard of Argonne National Labora-
tory, and with the support of the National Science Foundation.



A Classical Model of Absorption and Emission

} of Radiation in an Intense IR Laser Field

Randall B. Shirts
Department of Chemistry
University of Utah
Salt Lake City, UT 84112

Classical and Quantum results are compared for absorption, stimulated
emission, and spontaneous emission of a diatomic molecule in an IR laser
field. One, two and three dimensional models of the molecule are used. The

model is that of Mi]]erl in which the laser is taken to be an extra vibrational

degree of freedom of the system. The relevance of chaotic classical trajectories
is discussed. It is found that phenomena (such as spontaneous emission) con-
sidered by some to be quantum mechanical effects can be accurately modelled

by the classical mechanics.

1. W. H. Miller, J. Chem. Phys. 69, 2188 (1978).




Dr. Bernie Shizgal

Department of Chemistry
University of British Columbia
Vancouver, B.C. V6T 1Y6

Abstract of Invited Paper:

Eighth Canadian Symposium on Theoretical Chemistry -
Halifax, August 1983:

ELECTRON THERMALIZATION IN INERT GASES:

The thermalization of electrons in inert gases (He, Ar, Xr, and Xe) is
examined with a discrete ordinate methed of solution of the Boltzmann equation.
The Boltzmann (integral) equation reduces to the Lorentz Fokker Planck (differen=—
tial) equation for this system owing to the small electron-moderator mass ratio.
In a recent paper, Shizgal [1] introduced a new efficient method of solution of
the hard sphere Lorentz Fokker Planck equation for the study of electron thermal=-
ization in Inert gases. The purpose of the present paper is to demounstrate that
this method of solution is applicable to realistic electron-moderator cross
sections. ‘

The relaxation of electroms in inert gases has been considered previously by
Mozumber [2,3]. In this work, the electron velocity distribution function (VDF)
was assumed to be a local maxwellian characterized with the time dependent
electron temperature and bulk velocity. The relaxation is then followed with a
numerical integration of the moment equations for the temperature and bulk
velocity.

Knierim et.al. [4] employed the expansion of the electron VDF in Buruett
functions. about a local maxwellian characterized by the time dependent tempera-
ture. The VDF is determined with a numerical integration of moment equations of
the LFP equation.

The method employed by Shizgal [1] involves the expansion of the electron
VDF in speed polynomials ([5,6] about a maxwellian characterized by the (constant)
temperature of the moderator. The LFP equation is then solved as a linear
initial value problem with efficient matrix methods and the numerical integrationm
of moment equations is not required. The time evolution of the VDF and the
energy can be expressed as a sum of a small number of exponential terms, each
characterized by an eigenvalue of the LFP operator. The relaxation times for the
system are given by the reciprocal of the eigeanvalues.

References:

B. Shizgal, J. Chem. Phys. 78 (1983) 5741,

A. Mozumder, J. Chem. Phys. 72 (198Q) 1657.

A. Mozumder, J. Chem. Phys. 72 (1980) 6289,

K.D. Knierim, M. Waldmann and E.A. Mason, J. Chem. Phys. 77 (1982) 943,
B. Shizgal, J. Chem. Phys. 70 (1979) 1948,

B. Shizgal, J. Comput. Phys. 41 (1981) 309.

Lme Mo Nann B aae Wasn Wy 1

Oy Ut = W N
R s b ot bt St



"Xo=SW study of molecular chemisorption of oxygen on silver"

‘ J.M. Sichel*, A. Selmani and D.R. Salahub (Université de Montréal)

Abstract

) Oxygen chemisorbs molecularly on a few metal surfaces, notably
Ag(ll0) and Pt(lll). We are studying the structure and bonding of
the 0,/Ag(110) system by means of Xa~SW calculations on model clus-

Fz ters with as many as 18 Ag atoms.

For the adsorption geometry suggested in the literature (long-
} bridge site, O; parellel to surface grooves), our results do not
yield satisfactory agreement with photoelectron spectra. However,
calculations for alternate geometries show that best agreement is
obtained for a model with a 4-fold site and 0, perpendicular to
) surface grooves.

* On sabbatical leave 1981-82 from Universitéd
de Moncton.

Deductions from the Master Equation for Chemical Activation
Neil Snider

Department of Chemistry, Queen's University, Kingston, Ontario

Canada, X7L 3N6 -
The master equation for unimolecular decomposition and collisional

deactivation of an energetic species A formed by chemical reaction was

investigated. The object of this investigation was to test the much used

approximation of neglecting upward transitions, i.e. collisional transitions

in which energy is added to A. Calculations of ¥ , the collisional frequency

w times the ratio of the rate of decomposition of2A to that of deactivation,

were performed for the stepladder model for very large and very small w and

for the separable model for small w . Neglect of upward transitions reduces

x_. For the stepladder model the amount by which « is reduced is larger

£5r large w than for small w . It was also found that « is more sensitive

to changes in <Ae>, the average internal energy loss from A in deactivating

collisions, when w is small than it is when w is large. Thus, when comparing

computational results with experimental data, one calculates a <Ae> which is

too small if one neglects upward transitions, and the amount by which <de> is

too small is larger for large ® . This conclusion explains both gualitatively

and semiquantitatively the discrepancies in <ae> derived from stepladder model

calculations of low pressure and high pressure X 's for sec-butyl radicals

in the presence of rare gas diluents', a

1. G.H. Kohlmaier and B.S, Rabinovitch, J. Chen. Phys. gé, 1692 (1963) .




PROTEINS AND DIFFERENTIAL GEOMETRY

R.L. Somorjai and A.H. Louie

Chemistry Division
National Researcnh Council Canada
Ottawa, Ontario, Canada, K1A ORS

Abstract

We reviewed our analysis of various facets of
protein structure via the differential geometry of curves
and surfaces. At the Towest level of approximation we
represent a protein molecule by a regular space curve
passing through its «-carbons. This space curve fis
naturally approximated in terms of a helical basis set. The
helical approximati?n can then be used to construct an
automatic algorithm' that identifies local regular features
(a-helices, B8-strands, turns) as well as the correct 8-sheet
topologies. The helical approximation also provides the
means for the comparison of pairs of arbitrary 3-dimensional
protein strugtures. The morphological metric (MM) algorithm
we developed® for this purpose exploits the fact that the
differential geometric representation of space curves in
terms of their curvature «(s) and torsion t{(s).as functions
of the arclength s 1s Euclidean invariant (i.e. x(s), t(s)
do not change if the curves are subjected to arbitrary
translations and/or rotations in space). This endows our MM
algorithm with distinct advantages over current chain fold
comparison methods which require.local rotations and
translations of segments before alignment. The MM algorithm
is more global in character, accounts naturally for
insertions/deletions and its extremely fast. In fact, we
compared over 200 diverse protein pairs. In particular, it
enabled us to verify that there is indeed strong correlation
between primary sequence similarities and morphological
(spatial) ones.

v We also considered protein representations at a
higher hierarchical level, i.e. as curves lying on surfaces
embedded in 3-dimensional space. In fact, the reguTar
secondary features in proteinsg can be well represented as
geodesics on minimal surfaces>. In particular, there is a
geometrical transformation that carries a-helices (lying on
helicoids) into a-barrels (catenoidal surfaces).




OQur differential geometric studies were confined
to local aspects. Possible generalizations to more global
considerations as well as extensions to include additional
structural features (e.g. C, carbons, side chains etc.) are
outlined. Implications for protein dynamics/folding are
sketched in conclusion.

References

1. A.H. Louie and R.L. Somorjai, Differential Geometry of
Prote;ns: Helical Approximations, J. Mol. Biol.
(1983).

2. A.H. Louie and R.L. Somorjai, Differential Geometry of
Proteins: A Morphological Metric for Structural
Comparisons, J. Mol. Biol. (submitted).

3. A.H. Louie and R.L. Somorjai, Differential Geometry of
Proteins: A Structural and Dynamical Representation
of Patterns, J. Theor. Biol. 98, 189-209 (1982).



QUANTUM CHACS AND A QUANTUM MEASURE SPACE

Ellen B. Stechel
Sandia National Laboratories

A quantum ergodic theory for finite systems (such as isolated molecules) is
developed by introducing the concept of a quantum measure algebra with statisti-
cal fluctuations. The basic concept in classical ergodic theory is that of a
measure space. A measure space is a set M, together with a specified sigma-
algebra of subsets in M and a measure defined on that algebra. A sigma-algebra
is closed under the formation of complements and countable unions. A measure is
a non-negative and countably additive set function. For this to be further
classified as a dynamical system, a measurable #ransformation is introduced. A
measure transformation is a mapping from a measwre space into a measure space,
such that the inverse image of every measurable set is measurable. In conserva-
tive dynamical systems, 2 measurable fransformation is measure preserving, which
is to say that the inverse image of every measurable set has the same measure as
the original set. Cnce the measure space and the measurable transformation are
defined, ergodic theory can be investigated on three levels, describable as
analytic, geometric and algebraic. The analytic level studies linear operators
induced by a transformation. The geometric level 1is concerned directly with
transformations on a measure space and the algebraic treatment substitutes a
measure algebra for the measure space and basically egquates sets that differ
only by sets of measure zero. It is this latter approach that is most directly
paralleled here. A measure algebra for a quantum dynamical system is defined.
This concept then provides a measure of the "size" of the space "covered" in the
dynamical evolution of a quantum state. This, together with a 4 priori esti-
mate of the size of the "available" space determines whether a specified quantum
state evolves ergodically. Some further interesting features arise when statis-
tical fluctuations are introduced into the determination of the Tavailable”
space.

Local Finite Order Perturbation Theory Approach
to Bond Length Alternation in Cyclic Polyenes.

M. Takahashi and J. Paldus )

Department of Applied Mathematics and
the Laboratory of the National Foundation for Cancer Research,
Faculty of Mathematics, University of Waterloo, Waterloo, Ontario, N2L 3GI
*)Also at Department of Chemistry and the Guelph-Waterloo Centre
for Graduate Work in Chemistry, Waterloo Campus, University of Waterloo.

The finite order many body perturbations, Mgller-Plesset and Epstein-Nesbet
type partitionings, using the localized Wannier orbitals are applied to the
problem of bond Tength alternation of cyclic polyenes CNHN y N=4v+2 |
described by the PPP-type Hamiltonian. The localized orbital basis affords an
efficient truncation of diagram summations and an elimination of unimportant
diagrams. The obtained values of bond length distortions (~O.GS£) and
stabilization energies per site (~0.04eV) are similar to those obtained with

the RHF, one-parameter AMO and delocalized orbital perturbation theories.
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Abstract Submmited for The 8th
Canadian Symposium on Theoretical Chemistry

Non-empirical Approximate SCF Calculation of Butadiene

Shunji Takata. Toyama Technical College. ( Japan )
T-electron energy levels of the planar butadiene at
trans, cis and conformations in which one carbon atom
is located in their intermediate and in their outside
region, are calculated by the approximate SCF method.
We adopted not the Hartree-Fock approximation but
the Hartree approximation. No extra-gometrical
empirical data are used except the energy of 2pm
electron in a carbon in its valence state. The
calculation results give that electronic energies of
all the conformations in the internal and outside
regions of trans and cis-state, are more higher than
the ones of trans and cis-butadiene. The calculated
values of electronic energies of trans and cis-~
butadiene are

-91.49eV ( -94.05eV ) for trams,
and -92.41eV ( -94.90eV ) for cis
In the brackets the values by the more accurate method
are given.

(1) R.G.Parr and R.S.Mulliken: J.C.P. 18(1950)1338

High energv electron scattering from molecules
Ajit J. Thakkar
Department of Chemistry, University of Waterloo,
Waterloo, Ontario N2L 3G]

Abstract

An efficient method for the simultaneous calculation of the first Born
approximation intensities for elastic and inelastic scattering of fast
electrons from molecules has been developed. I1lustrative applications
to water and diborane will be presented.



Discrete and Continuum States for the Quantum Mechanical Forced Oscilliator.

D. Rodney Truax, Department of Chemistry, University of Calgary,
Calgary, Alberta, Canada.

Abstract: The Lie algebra of space-time symmetries of the Schrdodinger equation
{f(t)oy, + 213y - 2g,(t)x% - 2g, (t)x - 2g,(t)}¥(x,t) = 0
is the Schrodinger algebra, s2{(2, Rlaw;. The generators of space-time symme-
tries, realized as first order differential operators in the coordinates, can be
classified into orbits. From each orbit, a representative operator is chosen
and diagonalized. This process is equivalent to separating variables and yields
a second order, ordinary differential equation similar to a one-dimensional
time-independent Schrddinger equation for the harmonic or repulsive oscillators,
linear potential or free particle. Depending on the orbit, an operator may have
a discrete or continious spectrum and the wave functions are the harmonic oscil-
lator wave functions, parabolic cyclinder functions, Airy functions or plane

waves. The results of this analysis could have wide application to problems in
scattering theory, or in perturbation theory.

PHOTODISSOCIATION ANGULAR DISTRIBUTIONS OF

DIATOMICS IN INTENSE FIELDS.
by

ER
A.D. Bandrauk®, G. Turcotte
Département de chimie, Université de Sherbrooke

Sterbrooke, Qué, J1K 2R1l, Canada.

i

A theoretical study of the angular distribution of fragments
in the photodissociation of diatomics is presented fof low and strong
fields. It will be shown that the lifetime of the initial state deter-
mines the angular distributions. Coupled equation calculations using
the dressed molecule approach and‘scattering theory will be presented.
The results indicate that various degrees of anisotropy are to be
expected depending on the saturation of the Stark split individual MJ

sublevels of the rotating molecule.



Angular Aspects of the Fermi Hole in Atoms
Jesus M. Ugalde and Russell J. Boyd
Department of Chemistry
Dalhousie University
Halifax, N.S. B3H 4J3
Canada

Electron correlation in an atom or a molecule is of two different

kinds, due to Coulomb and exchange interactions, which are respectively the
source of the Coulomb and Fermi holes. A definition of the former was given
by Coulson and Neilson (1961), and later extended by Boyd and Coulson (1973)
and Boyd and Yee (1982). By use of pair distribution functions it is
possible to obtain a very simple and illustrative physical picture of the
Coulomb hole. The Fermi hole has been discussed in a similar way by Boyd
and Coulson (1974). 1In the present work angular features of the Fermi hole
are analyzed.

The distribution function of the interelectronic distance of any two
electrons of like spin (say @), for fixed values of the position of rj of
a chosen electron, and the angle o between the nucleus, electron 1 and
electron 2 is evaluated from both a simple Hartree product type wavefunction
and a Hartree-Fock wavefunction. This particular choice of coordinates
is most appropriate for the study of the angular aspects of Fermi correlation
effects, since explicit mention of the position of the reference electron is
made; and the distribution function yields the probability of finding another
electron of the same spin around the reference electron, rather than around
the nucleus, )

Graphs of the Fermi hole for @ spin, A“(rlz;rl,a) = fﬁ%(rlz;rl,a) -
fga(rl 3¥1,0) versus the interelectronic distance r 2> are presented for
both the first excited state of helium (233) and the ground state of
beryllium. The graphs show some very interesting aspects of the polarization
of the Fermi hole.

References:

C. A. Coulson and A. H. Neilson, Proc. Phys. Soc., 78, 831 (1961)
R. J. Boyd and C. A. Coulson, J. Phys. B, 6, 782 (1973)

R. J. Boyd and M. C. Yee, J. Chem. Phys., 77(7), 3578 (1982)

R. J. Boyd and C. A. Coulson, J. Phys. B, 7, 1805 (1974)



Potential energy surfaces for the photochemical reactions of
organometallics.

C. Daniel, A. Dedieu, I. Hyla-Kryspin and A. Veillard

E.R. 139 du CNRS, Université L. Pasteur, Strasbourg, France.
| 1

iif o0 7

Information about the mechanism of photochemical reactions
in organometallic chemistry may be gained

i) either from state correlation diagrams based on the
symmetry and spin properties (assuming that some symmetry ele-
ment is retained during thecourse of the reaction).

ii) or from potential energy curves calculated at the
CI level. »

Both approaches will be illustrated. For the following
reactions hv
Fe(CO)g ——> Fe(CO), + CO

hv
HCo(CO)4-——------.-->Co(CO)4 + H

potential energy curves for the ground and excited states have
been calculated at the CI level and allow to identify the
photoactive excited state.

Qualitative state correlation diagrams based on extended
Hlickel Calculations are used for the reactions of metal-metal
bond cleavage such as

hv
MZ(CO)Zn-—————é 2M(CO)n

and for the reactions of declusterification such as

hv

Ru3(CO)12 + 3CO0 ——— 3Ru(CO)S
These diagrams show that the photoactive excitaed state

of the reactant is connected by a single potential energy surface

to the ground state of the primary preoduct.



CORRELATION IN EXOTIC MOLECULES

USING SECOND-ORDER MANY-BODY FERTURBATION THEORY FOR ASSESSMENT

by

James T. Waber
Morthwestern University, Evanston IL 80301

Asok Ray
University of Texas at Arlington, Arlington TX 7&019

A. Bérry Kunz
University of I1linois at Yrbana—Champaiagn IL &1801
and
Robert Weidman
Hichigan Techrnological University, Houghton HI 4993%

The attachment of fermions which ara
distinguishable from the electrons to form exotic molecules
has permitted us to eliminate the exchange patential and to
concentrate on the correlation energy as a source of
binding where ther= would be little if any tendency for
electrostatic potential such as for a neut}al atom to
attract a particle. In contrast, a particles such as &
positron or & muon would be strongly . bound +to an

!

isoelectronic negative ion.

The results obtained with positrons and muons,

which differ essentially by their mass, permits us to look

how this particle’s wave function overlaps with those of

the eiectrons and how it is affected by the particle mass.



MODE~SPECIFICITY IN HNC + HCN UNIMOLECULAR ISOMERIZATION:
A CLASSICAL + TUNNELING MODEL

Boyd Waite

Department of Chemistry, United States Naval Academy
Annapolis, Maryland 21402
»

Microscopic unimolecular isomerization rate constants are cal-
culated for bond-specific preparation of the HNC - HCN system. The
dynamical model is that of Waite and Miller [JCP, 73, 3713 (1980)1,
which incorporates exactly computed classical trajectories coupled
with vibrationally adiabatic WKB tunneling probabilities calculated at
classical turning points in the reaction barrier region. Rate constants
are obtained via a probability branching analysis, utilizing Monte Carlo
sampling of initial conditions, Results indicate that at lower energies,
mode-gpecificity is significant, especially for excitation in the weakly
coupled CN stretching mode. Mode-specificity is reflected by a somewhat
restricted distribution of turning point locations at the reaction
barrier., At higher energies, the exact dynamical results correspond
more clogely with the statistical RRKM model, there being a more random
sampling of turning point locations at the reaction barrier. By pro-
jecting the classical trajectories (which reveal the effects of intra-
molecular mode-mode coupling) onto the reaction barrier region and
allowing semi-classical tunneling to occur (which includes the reactive
aspect of the overall unimolecular process), one can infer the relative
importance of the two effects as well as obtain (at least semi-quanti-
tatively) vibrational relaxation rates as a function of energy and mode.

Large amplitude vibration in polyatomic molecules. A polar representation

of orthHogonal relative coordinates

R. Wallace, Dept. of Chemistry, University of Manitoba.

A general expression for the rovib kinetic energy .operator in a system
of orthogonal internal coordinates is presented for arbitrary amplitudes
of motion. Methods of determining the degree of separability
of the potential in such coordinates are illustrated. Solution of the
vibrational Schrodinger in the optimal system determines vibrational

eigenvalues and eigenfurictions.

P



VIBRATIONAL SPECTRA FROM SEMI-CLASSICAL MECHANICS

"D. M. WARDLAW, D. W. NOID, AND R. A. MARCUS

A spectral analysis method for classical trajectories, presented in Ref. 1, has been
used fairly extensively to examine the dynamical properties of molecular and model systems.
Results with this technique were shown to be in excellent agreement with quantum mechanical
results for the vibrational transition frequencies and dipole matrix elements of a Morse
oscillator.? 1In the present lecture, transition intensities for non-resonant and resonant
Hamiltonian systems are discussed. Current work is aimed at applying the technique to the
vibrational degrees of freedom of triatomic molecules. Advantages and limitations of this
spectral analysis are considered.

!p. W. Noid, M. L. Koszykowski and R. A. Marcus, J. Chem. Phys. 67, 404 (1977).
M. L. Koszykowski, D. W. Noid and R. A. Marcus, J. Chem. Phys. 86, 2113 (1982).

Address of Wardlaw and Marcus: Arthur Amos Noyes Laboratory of Chemical Physics,
California Institute of Technology, Pasadena, California, 91125.
Address of Noid: Oak Ridge National Laboratory, Oak Ridge, Tennessee, 37830.

E1ectronegati?1ty

S. Manoli and M.A. Whitehead*

As suggested by Bartolotti, Gadre and Parr1, the electronegativities
of the atoms are derived using the spin-polarized yo theory.

Similar calculations are done using the self-interaction corrected
Za theory. The relationship between Mullikens electronegativity
equation and the eigenvalues in the ya and Za theories are examined.

]L.J. Bartolotti, S.R. Gadre and R.G. Parr, JACS, 102, 2945 (1580).
*Department of Chemistry, McGill University, Montreal, Quebec.



MRD-CI CALCULATIONS OF POTENTIAL SURFACES USING BOND FUNCTIONS

James S. Wriaght and Richard J. Williams, Dept. of Chemistry, Carleton University,
Ottawa, Canada KIS 5B6 ,

Potential curves for diatomic hydrides (H,, BH, CH, NH, OH, FH) have been
calculated with good accuracy using multi-reference CI calculations and a double-
zeta polarization basis set which includes bond functions. The curves are fitted
over the whole range by generalized Morse functions. Binding energies for these
hydrides are accurate to 0.1 eV and vibrational levels are well reproduced. Two

triatomic surfaces have been generated by these methods including F + H, and 0 + H,.

Cuts through these surfaces are fitted and connected, up to dissociation, by a
generalized Morse function-cubic spline approach. The bond functions play an
important role in providing balanced basis sets which describe atomic and molecular
regions with the same accuracy. Other extensions will be given.



Multiconfiqurational Electron Propagator (MCEP)
Ionization Potentials for General Open Shell Systems

Jeffrey A, Nichols, Danny L. Yeager, and Poul JzﬂrgensenT
Chemistry Department
Texas A&M University
College Station, Texas 77843
USA

Abstract

We have theoretically developed a multiconfigurational electron propagator (MCEF’
technique for the determination of ionization po?entia]s for general open shell
atomic and molecular systems. In order to do this, we have used and extended
the generalized spin-symmetry adapted operators of Pickup and Mukhopadhyay. To
pronerly account for correlation effects we have additionally included jonization
and electron affinity operators analogous to the |I><o| state transfer onerators
necessary in multiconfigurational linear response.
MCEP ionization potentials have been evaluated for both 02 and N2 and used to carry
out detailed examination and interpretation of their respective PES and ESCA spectra.
Tﬁe MCEP results are éktremely encouraaing for both princinal and shake-up IP's. For
e*amp1e, if only single electron removal operators are included in a calculation
where the reference state fs a multiconfiguration reference state (i.e., an open
shell generalization of Koopman's theorem) the lowest verticle ZHU jonization
potential in 02 is calculated to be 24.63 eV. Our final multiconfigurational
one-electron nropagator result is 17.77 eV. Experiment is 17.7 eV. The sub-
stantial drop in energy from 24.63 eV to 17.77 eV stresses the mu]ticonfﬁgura-
tional nature of the AZHU ion state of OZ and originates from the near-degeneracy

2 . . . . 32 .
of the three ¢ states of the single valence electronic confiquration T, g Of
u

0;. This 7 eV drop occurs only with the inclusion of the transfer type IP and

EA operators.

1'On temporary leave from the Chemistry Denartment, Aarhus University, OK8000
Aarhus C, DENMARK.



The Complete Basis Set Correlation Energy of Neon

A. Yee and G. A. Petersson

Hall-Atwater Laboratories of Chemistry |
Weslevan University L.
Middletown, Connecticut 06457

The spherical symmetry of atoms permits the use of very
large basis sets, providing definitive values of the compon-
ents of the correlation energy. These definitive values then
allow a detailed error analvsis of simple approximations
suitable for molecules. In the case of Neon, a relatively
small DZ+P set of atomic pair natural orbitals gives a total
third-order correlation energy of -0.2624 hartree with an
RMS error of 0.0039 hartree in the individual pair correla- ¢
tion energies. Extrapolatién to a complete basis set using

the asymptotic convergence of pair natural orbital expan- e
sions gives a total correlation energy of -0.3769 hartree ‘
(experimental: -0.389:.001) and reduces the RMS error in
the individual pair energies to 0.0005 hartree.

LIGAND FIELD MODEL OF THE OPTICAL SPECTRUM OF ANHYDROUS CO(II)-EXCHANGED
ZEOLITE A. D.Zeroka, P.J.Hutta, and K.Klier, Department of Chemistry,
Lehigh University, Bethlehem, PA 18015

The objective of this study is to reinvestigate the interpretation of
the electronic spectrum of anhydrous Co(ll)-exchanged zeolite A in light of :
some recent observations(1) of extra-framework A]O4 defects located in the i
sodalite units of divalent ion exchanged zeolite A7 Hutta(2) in earlier
work found that the calculated ligand field term diagrams of the electronic
spectrum could be brought into agreement with the observed optical transitions
only if ligands extraneous to the zeolite framework were postulated. The
present study addresses the question of whether the A10, species act as these !
ligands. Up to 21 oxygen atoms which form 3 rings or 6 'rings about the cubic |
111-axis which passes through the Co{IIl) ion are taken into account in a '
1igand field model in a stepwise manner, wherein the nearest neighbors are
considered first,the next nearest neighbors second,etc. [t has been deter-
mined that the A10, defect,if present, can influence the term splitting to
only a small degreé. An electric field of negative polarity between 30%and
70° with respect to the 111-axis fits the observed spectrum(3) better than
the Tigand field of the framework and A10, oxygens. In addition, the .
possibility of the electronic spectrum ar%sing as a superposition of spectra
for the Co(Il) fon in two different sites will be considered. -

(1) J.J.Pluth and J.V.Smith, J.Am.Chem.Soc.104,6977-6982(1982); -
ibid,105, 1192-1195(1983).

(2) P.J.Hutta,PhD Thesis, Lehigh University,1974.

(3) R.Kellerman and K.Klier in "“Surface and Defect Properties of
Solids",volume 4, The Chemical Society, London, 1975, p25.




TEMPERATURE DEPENDENCE OF HYDROGEN TRANSFER RATE CONSTANTS

-W. Siebrand, T.A. Wildman and M.Z. Zgierski
Division of Chemistry, National Research Council of Canada,
Ottawa, Ontario, Canada, XIA OR6

The rate constants, k, of hydrogen (deuterium) exchange chemical reactions
of the type RI—X-H+Y—R221 R,-X+H-Y-R, show remarkable deviations from the
standard Arrhenius equation. Experimentally it was found that lok often yields a
straight line if plotted against T rather than 1/T.

We have developed a model, similar to those used in the theory of radiation-
less processes, to describe proton (deuterium) transfer between molecules. It
takes into account the X-H(Y-H) vibration of a bond that is broken (formed) in
the chemical reaction and the X....Y vibration that changes the distance of

proton donating and accepting atoms. The probability of proton transfer is then
described by the Golden Rule

PhE ey = 27 ] <y (Qug (@) | T vy (Vg (@)>]25Ce)

where ]V>, ]W> denote vibrational wavefuntions of the X....Y oscilaltor and V>,
IWY> are the wavefunctions of the X~-H, Y-H oscillators, respectively., J is the

intermolecular coupling operator, the delta function represents energy conserva-—
tion and q, Q are the corresponding oscilator coordinates.

This model leads to a quasilinear dependence of lnk on T in the temperature
range 0.20<kpT<R, where Q is the frequency of the Y....X vibration. It gives

temperature independent rate constant at very low temperature consistent with the
notion of tunnelling through a barrier. Finally, it allows an easy assessment of
the change of k(T) caused by the substitution of hydrogen by deuterium.

We will present a comparison of experimental data of different chemical
reactions of hydrogen (deuterium) exchange with our model calculations. It will
demonstrate that this model gives a very good description of Ink(T) curves for
physically meaningful input parameters,

A Theoretical Study of the Triple Bond in Binuclear Compounds of Cr.
Mo and W, by the Hartree-Fock-Slater Transition State Method. Tom Ziegler,
Department of Chemistry, University of Calgary, Calgary, Alberta T2N 1N4

The fragment ML; was studied as an essential building block for the binuclear
complex M.Ls;. The calculated equilibrium geometry of the d® fragments Cris,

. MoLs and WL; for various Tigands (L: H, I, OH, NH, and CH3) was in each case
tr1gon§i planar. The preferred caicujated geometry of M,L; was a staggered con-
formation. Both ML; and M,L; are stabilized by strong electronegative ligands

| such as OH. The choice of metal atom (Cr, Mo, W) does not influence the stab-

ility of ML;. The binuclear compounds M,Ls; on the other hand have the strongest

metal to metal bond in the case of W. It will be shown that the strength of the

W=W bond is due to relativistic effects also included in the study.
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The invited lectures of J. P. Malrieu and G. Malli will not be given.
At 9:45 AM on Thursday, Professor R. F. W. Bader, McMaster University, will
present an invited lecture entitled, "Properties of the Charge Density in
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STRUCTTRE OF WATER AND COUNTERIONS I¥ DNa

Z;/?:'cc ﬁ‘%*"“”%"
IBE Corporation; IS/TG
Dept. D55, Bldg. 996<2
P.0. Box 390

2oughkeensie, ¥.Y. 12602
donte Carlo siaulation have been performed to study the hyd:étion of
“wo DNA conforzers: “he richt-handed B-D¥4 and ﬁhe left-handed 7-D¥A,
toth in the doukle helix conformation. The models used *o represent
the Doivelect:clvtes consist of three £full 'pitches> (60 and 72
nucleotides units for B~ and Z-DNA, respectively).
The sizmulaczicns have been carcied out at a temperature of 300 X with
500 water aolacules ver pitch and as @any counterions as necessSary +o
neutralize DNA. In the present studies three different mono-chacged
counterions have teen considered: Li+, ¥a+ and z+. During the HMonte
Carlo process either the vater molecules or rhe counterions ate-
subject to displacements (1).
The ¥onte Carlo walls, for these siz simulations, have teen analyzeAd
in such way to give, for the counterions, informations about their
positicn (not yet determined by experizents), and the nuzber of watar
@oleculss in their first hydra+ion shell. Some o0f the counterions
have, in the first hydration shell, the saze nuaber of water noLéculas

as detsrnined for the same i1on in solution {2) , but scoe other loosa



quanine and adenine (3).

The water structure in the first hydration shell of +the DNA is
analyzed for specific sites (for example for the nitrogen or the
oxygen atoms at the bases) or for groups Jgf sites (for example the
bases or the ©PC—). For both DyA conforﬁers, tke polyelectroly:e

looses water from the first hydration shell if X+ is replaced with Na+

or Y¥a+ with Li+.

As known in B-DNA, there are two qrocves, the ainor and major. The
water was found to be highly structured in both grooves. In the minor

groove there is either a long <ilament of water molecules ruaning

along the groove or swall filaments connecting two —rchosphate gro
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THE DISCRETE VARIABLE APPROACH TO BOUND MOLECULAR STATES

S. Kanfer and M. Shapiro
Department of Chemical Physics
The Weizmann Institute of Science
Rehovot 76100, Israel.

The 'discrete variable method' has been investigated in the
context of both bound state and scattering calculations of
triatomic systems. The method gives a prescription for

quadrature points and weights based on the representation which
diagonalizes the position operator. The eigenvalues thus obtained
define the quadrature points for the evaluation of the potential
matrix element. The quadrature weights are given by the elements
of the transformation from this new representation to the (usual)
target state representation. Hiahly accurate bound state energies
of methyl jodide (in the quasi-triatomic approximation) have been

comouted with this method.



Effective Fragment Potential for Large Molecules

. % *

K.Kitaura, K.QOhta, and K.Morokuma

Depa;tmen? of Chemistry, Osaka City Univ., Osaka 558, Japan
and Institute for Molecular Science, Okazaki 444, Japan

A new apporoximate MO method, named the effective fragment
potential method, is proposed for calculating electronic structures
of large molecules such as solvation clusters, transition metal
complexes and model systems of enzymes.

The method replaces the 'inactive' electrons, which d@ .nat:
actively participate the phenomena of interest, by an effective
one-electron potential and only the 'active' electrons are
explicitly taken into calculations. It can be regarded as an
extension of the atomic effective core potential to molecules.

If successful, the method has a potential of drastically reducing
computer time for very large systems. We present the theoretical

formalism, parametrization for NH3 and test calculations for NH,
complexes.
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DISSOCIATION AND INTRAMOLECULAR DYNAMICS

M. Shapiro

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

ABSTRACT

‘The manr.er by which various dissociation experiments can serve
as effective probes of intramolecular dynamics of small polyatomic
molecules is discussed. Fast and slow dissociation processes are shown
to yield complementary information. Examples pertaining to specific
molecules such as CH3Is HZO’ the Ar-Nz, He-I2 van der Waals complexes

and dissociative photoionization of H2 are given.
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e SYMPOSTUM CANADIEN SUR LA CHIMIE THEORIQUE

ADDENDUM NUMBER 2

- INVITED LECTURES

The abstract of Dr. Hirschfelder's lecture was inadvertently omitted
from the program but is included in this addendum.

ADDITIONAL CORPORATE DONOR

Digital Equipment of Canada Limited

LATE REGISTRANTS

S. Fliszar Universite de Montreal, CANADA

R. R. Gupta Rajasthan University, INDIA

H. Kobeissi Lebanese University, LEBANON

A. W. Salotto Pace University, USA

W. L. Taylor Monsanto Research Corp., USA
CANCELLATIONS

Ernest M. Loebl
Xiao-Yuan Fu (P3-6 will not be presented)
D. Dao-Dehareng (P1-3 will not be presented)

ADDITIONAL PAPERS

H. Kobeissi will present a paper entitled, "Integral Expressions of the
Diatomic Rotational Harmonics" in Poster Session P4 in the vacancy created
by the cancellation of H. Chojnacki.

R. N. Diffenderfer will present a paper entitled, "Theoretical description
of a CS, dissociation surface", as contribution number 20 in Poster Session Pl
on Monaay. :

R. R. Gupta will present a paper entitled, "Theoretical studies on
diamagnetic susceptibility of amides and their N-substituted derivatives", in
Poster Session P3 in the vacancy created by the cancellation of X.-Y. Fu.

E. Ludena will present a paper entitled, "An approximate universal
functional for the energy in density functional theory", as contribution
number 20 in Poster Session P5 on Thursday.



COMPARISON OF TWOQ STATE SYSTEMS IN CLASSICAL AND
QUANTIZED ELECTROMAGNETIC FIELDS

by

P. K. ARAVIND AND J. 0. HIRSCHFELDER
University of Wisconsin-Madison, Theoretical Chemistry Institute
and

University of California-Santa Barbara, Chemistry and Physics Departments
ABSTRACT

The dynamics of a two Tevel system interacting with periodic
(single-mode) classical and quantized fields are treated separately --
algebraic and numerical results are given.

CLASSICAL: The Flogquet formalism for the time development operators

of molecular s}stems in beriodit fields is derived. Almost degenerate
perturbation theory is used to determine single and multi-photon -
transition probabilities for a two state System with greater accuracy
than the Rabi rotating wave approximation. The off-diagonal elements

of the density matrix give the dynamical polarizability.

QUANTUM: The two level system in a quantized field is treated in the
framework of the Jaynes-Cummings model but without.making the rotating
wave approximation. 'The effects of coherent, chaotic, and photon-number
fields on the dynamics of the system are determined. Entropy producticn
and irreversibility are discussed. The effect of the anti-rotating
component of the field on the collapse and revival of atomic coherence

is investigated.

To be presented at the 8th Canadian Symposium on Theoretical Chemistry,

Halifax, Nova Scotia, August 7-12, 1983.






