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Cover lllustrations: (a) Upper figure. Representation of the two possible
orientations of the singly-filled =* orbital on the NO molecule with respect to the
(111) plane of a Ag surface. Since the interaction with the surface will depend
on the orientation of the n* orbital, the scattering of NO from the surface cannot
be described by a single potential energy surface. Quantum interference
between collisions occuring on these two potential surfaces will result in
unequal population of the two A -doublet levels in the scattered NO molecules.
(b) Lower figure. Nonadiabatic coupling matrix element between the
CN(X2Z+)-He and CN(A2[])-He diabatic states of A' symmetry as a function of
the orientation angle 8 and CN vibrational coordinate r, for a fixed CN---He
distance of 5.5 bohr (from MCSCF calculationas of H.-J. Wemer and M. H.
Alexander). It is this coupling which gives rise to collision-induced transitions
between the A and X states of CN. The bimodal angular dependence of this
matrix element illustrates its near homonuclear character. Figures provided by
Millard Alexander.
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Schedule of Presentations
1987 Conference on the Dynamics of Molecular Collisions
Oglebay Park, Wheeling, WV, July 12-17, 1987
Paul J. Dagdigian, Chairman; William H. Miller, Vice Chairman

530 - 7:30 p.m. Registration and Reception
Monday. July 13
715 - 8:15 am. Breakfast
8:30 - 12:00 noon Session on Reactive Collisions (Experimental)

Chaimarv/Discussion Leader: S. L. Anderson
8:30 Announcements
8:40 S. R. Leone, "Overview.”
9:30 Discussion
9:50 Break
10:10 Y. T.Lee, "Recent Crossed Molecular Beam
Studies on Elementary Chemical Reactions."
10:50 Discussion
11:05 C.Y. Ng, "State-to-State Electron Transfer

Reaction Dynamics."
11:45  Discussion
12:15 - 1:15 p.m. Lunch
6:00 - 7:00 p.m. Dinner
7:20 - 10:10 p.m. Session on Reactive Collisions (Theoretical)

Chairman/Discussion Leader: J. M. Bowman

7:20 D. G. Truhlar, "Overview."

8:10  Discussion

8:25 J.Manz, "Mode Selective Chemical
Reactions.”

9:05 Discussion

9:15  W. Meyer, "Theoretical Investigation of Electronic
Structures and Reactive Collisions Involving
Electronically Excited Ha."

9:55 Discussion

745 - 8:15 am. Breakfast
830 - 11:55 am. Session on Inelastic Energy Transfer (Experimental)
Chairman/Discussion Leader: C. A. Wight
8:30  U. Buck, "Overview."
9:20  Discussion
9:40 Break
10:05 K. Bergmann, "Rotational Rainbows in
Electron-Molecule Scattering.”
10:45  Discussion
11:.00 G. W. Flynn, "Diode Laser Probing of Dynamic
Energy Transfer Events.”
11:40  Discussion

12:16 - 1:15 pm. Lunch
200 - 2:30 p.m. Conference Business Meeting
6:00 - 7:00 p.m. Dinner
7:30 - 10:00 p.m. Poster Session |
Wednesday. July 15
715 - 8:15 am. Breakfast
8:30 - 11:55 am. Session on inelastic Energy Transter (Theoretical)

ChairmarvDiscussion Leader: F. R. McCourt
8:30 R. Schinke, "Overview."
9:20 Discussion




9:40 Break
10:05  D. J. Kouri, "Wavepacket Approach to Molecular
Collisions.”
10:45 Discussion
11:00 D. A. Micha, "Translational-to-Rovibrational
Energy Transter at Hyperthermal Velocities:
Approaches Based on Collisional Time-
Correlation Functions."
11:40 Discussion
12:15 - 1:15 pm. Lunch
6:00 - 7:.00 p.m. Dinner
7:20 - 10:10 p.m. Session on Molecule-Surtace Collisions (Experimental)
ChairmarvDiscussion Leader: S. Bernasek
7:20  S. J. Sibener, "Overview"
8:10 Discussion
8:25 M. Candillo, "Hyperthermal Scattering from Surfaces:
Electron Excitation, lon Emission, and Rainbows."
9:05 Discussion
9:16 8. T. Ceyer, "Dynamics of Sticky Collisions
with a Surface: Rotors, Splats, and Hammers."
9:55 Discussion

715 - 8:15 am. Breakfast
8:30 - 11:55 am. Session on Molecule-Surface Collisions (Theoretical)
ChairmarvDiscussion Leader: J. W. Gadzuk
8:30  J.C. Tully, "Overview."
9:20 Discussion
9:40 Break
10:05  H. Metiu, “Time-Dependent Theory of Surface-Molecule
Collisions: Gaussian Wave Packets and Fast Fourier
Transform Methods."
10:45 Discussion
11:00 R. B. Gerber, "Atom Scattering from Surface
Detects and from Disordered Surfaces.”
11:40 Discussion

12:15 - 1:15 p.m. Lunch
6:00 - 7:30 p.m. Banquet
8:00 - 10:00 p.m. Poster Session |
715 - 8:45 am. Breakfast
8:45 - 11:156 am. Session on Photodissociationvvan der Waals Molecules '

ChairmarvDiscussion Leader: J. M. Lisy
8:45 G. G. Balint-Kurti, "Theory of Photodissociation
Processes and Its Application to van der Waals
Molecules.”
9:20  Discussion
9:35 R. E. Miller, "The Structure and Photodissociation
Dynamics of Binary and Tertiary van der Waals
Complexes.”
10:10  Discussion
10:25  D. Nesbitt, "Direct Absorption IR van der Waals
! Spectroscopy in Slit Supersonic Jets: Molecular
Pinbalis, Hinges, and Helicopters.”
11:00  Discussion
11:15 - 12:15 am. Lunch
12:30 p.m. Bus Departure for Greater Pittsburgh Airport
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AN OVERVIEW OF EXPERIMENTAL REACTION DYNAMICS

Stephen R. Leone
Joint Institute for Laboratory Astrophysics
Department of Chemistry and Biochemistry
National Bureau of Standards and University of Colorado
Boulder, Colorado 80309

In the past several years the field of reaction dynamics has enjoyed
the continued ingenuity and enthusiasm of many experimentalists who
quest for the ultimate in specificity and detail in an attempt to
unmask the underlying features of reacting systems. Studies range
from the most fundamental tests for theoretical comparison, for
example H + Hp, to the most subtle aspects of finely split spin
orbit states, the effects of quantum mechanical resonances, 1ambda
doublet populations, and mode selected ion chemistry. There is
tremendous interest in the reactions of species trapped within van
der Waals clusters and the possibilities of fixing molecular
geometries before reaction by condensing molecules in clusters or on
surfaces. The search for a full elucidation of the transition state
continues.

This presentation will also investigate some of the rapid progress
and news in spin orbit reactivity, alignment and orientiation
effects, resonances, vector correlations, rotational rainbows,
reactions of hot atoms, and vibrationally, rotationally, and
electronically state specific systems. Some new achievements with
advancing techniques such as position sensitive detectors,
coincidence methods, and ever powerful laser and molecular beam
methods will be reviewed.




RECENT CROSSED MOLECULAR BEAM STUDIES
ON ELEMENTARY CHEMICAL REACTIONS

Yuan T. Lee
Materials and Molecular Research Division
Lawrence Berkeley Laboratory and
Department of Chemistry
University of California
Berkeley, California 94720 USA

This lecture will first briefly cover highlights of some of our recent
investigations on the dynamics of elementary chemical reactions studied by the
crossed molecular beams technique. The series of reactions which will be covered
include endothermic substitution reactions involving bromine atoms and various
chlorotoluene isomers, reaction of CH3 with CF3l and (CH3)3l and the reaction of
oxygen atom with CoHo.

The main part of the lecture will focus on the reaction dynamics of
electronically excited sodium atoms with simple molecules. Special attention will
be paid to the reaction of Na(4D) with the NO2 molecule. This reaction does not
seem to proceed unless the relative kinetic energy exceeds 18 kcal/mol. Two
distinct reaction channels with vastly different dynamics are observed in the
measurements of product angular and velocity distributions. Although these
products only appear at m/e=23(Na+) in mass spectrometric detection, they are
likely to be NaO and NaO2. The alignment of the excited orbital of Na(4D) with
respect to the relative velocity vector shows a dramatic effect on chemical reac-
tivity. The rotation of the alignment of the Na(4D) orbital also shows a very different
effect whether the orbital is rotated in the scattering plane which contains both
molecular beams and the detector or out of the scattering plane. The implication of
these observations will be discussed in great detail.

This work was supported 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-AC03-76SF00098.
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State-to-State Electron Transfer Reaction Dynamics

C. Y. Ng
Ames Laboratory-~USDOE and Department of Chemistry
Iowa State University, Ames, Iowa 50011 USA

Abstract:

The development of two new ion-molecule reaction apparatus for the
study of state-selected and state-to-state ion-molecule reaction dynamics
will be described. Using these apparatus, state-to-state cross sectional
data for the electron transfer reactionsl-%

art(Pey y 179) + arls)) — ar(ls)) + art(Pey), /) (1)
art(Ppyyy 179) * Np(X,v) T ac(ls)) + NE(X,v") (2)
At (Ppyyy 179) + By(X,v) = ar(ls)) + HE(X,v") (3)
and  Hj(v3=0-4) + Hy(v}=0) — Hy(v') + H(v") (4)

have been obtained over wide kinetic energy ranges. These experiments
provide detailed tests on the present theoretical understanding®10 of elec-
tron transfer processes. Valuable insight into the roles of vibronic
coupling and energy resonance in electron transfer has been gained from the
examination of state-to-state cross sections of reactions (2) and (3) in the
forward and backward directions.

References:

(1) C.-L. Liao, C.-X. Liao, and C. Y. Ng, J. Chem. Phys. 81, 5672 (1984);
1bid. 82, 5489 (1985).

(2) C.~-L. Liao, J.-D. Shao, R. Xu, G. D. Flesch, Y.-G. Li, and C. Y. Ng,
J. Chem. Phys. 85, 3874 (1986).

(3 C.-L. Liao, R. Xu, and C. Y. Ng, J. Chem. Phys. 85, 7136 (1986).

(4) J.-D. Shao, G. D. Flesch, Y.-G. Li, and C. Y. Ng, J. Chem. Phys. 86,
170 (1987).

(5) C.-Y. Lee and A. E. DePristo, J. Chem. Phys. 80, 1116 (1984).

(6) M. R. Spalburg, J. Los, and E. A. Gislason, Chem. Phys. 94, 327
(1985).

(7) M. R. Spalburg and E. A. Gislason, Chem. Phys. 94, 339 (1985).

(8) G. Parlant and E. A. Gislason, Chem. Phys. 101, 227 (1986).

(9) P. Archirel and B. Levy, Chem. Phys. 106, 51 (1986).

(10) R. E. Johnson, J. Phys. B3, 539 (1970).
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OVERVIEW LECTURE: THEORETICAL STUDIES
OF REACTIVE OOLLISIONS
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Donald G. Truhlar
Department of Chemistry and Supercomputer Institute,
University of Minnesota, Minneapolis, MN 55455

- -
P

There are several new approaches to the quantum mechanical reactive *
scattering problem, and I will review these as a major part of the overview.

Other topics covered will include semiclassical approximations, compari-< ns

to experiment, and potential energy surfaces for reactive scatteri:




Mode selective chemical reactions

P

3

Jorn Manz
“

Institut fiir Physikalische Chemie

v Universitat Wirzburg
W Marcusstr. 9-11
~ 8700 Wiirzburg
;3 Germany

Mode selective <chemical reactions allow efficient investment
of energy in educts, as well as control of products' distri-
butions. Various dynamical effects are demonstrated using ex-
perimental results as well as theoretical models and movies. ;
The bimolecular examples include the Polanyi rules of vibrational
versus translational mode selectivity 1in hydrogen atom plus
dihalogenic molecule reactions, the relations of mode specific
energy release in forward reactions versus mode selective energy
consumption in back reactions as implied by microscopic rever-
sibility and detailed balance, Bernstein-Levine-type information
theoretic surprisal analyses of non-statistical effects, and
Baer's rule of approximate conservation of translational energy
as well as oscillatory reactivity and resonances in elementary
o hydrogen transfer reactions. The wunimolecular examples cover
mode selective dissociations of van-der-Waals complexes, small
and large polyatomic molecules, with particular consideration
@ of 1local versus hyperspherical mode selective resonance decay
of vibrationally excited water and formaldehyde moleculs.

o
N
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THEORETICAL INVESTIGATION OF ELECTRONIC STRUCTURES AND
REACTIVECOLLISIONS INVOLVING ELECTRONICALLY EXCITED Hj,

W. Meyer
Fachbereich Chemie
Universitat Kaiserslautern
D-6750 Kaiserslautern
FED. REP. GERMANY

Problems encountered in the investigation of strongly changing
electronic structures by advanced ab initio techniques will be discussed. They
will be exemplified in particular by the small but nontrivial system
Ha-Ho(B1Xy*). The entrance channel interaction potential and possible
pathways for reactive quenching will be characterized. The quenching cross
section obtained from rather simple dynamical calculations is in excellent
agreement with the measured ones. Comparison will be made with systems
involving Ha* and noble gases.

iy iy WL, N ’ L)L oy o MR
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Inelastic Energy Transfer (Experimental)

I o &=

U. Buck
Max-Planck-Institut fiir Stromungsforschung, D-3400 Gottingen,
Fed.Rep. of Germany

The study of rotational and vibrational energy transfer in molecular

Sy ]

collisions is still a very active field of research. The interest comes

from a range of applications in chemistry, spectroscopy and astrophysics as

ra

well as from the general aim to understand the underlying mechanism and the
intermolecular potential. Accordingly, the measured quantity of interest is

either a rate constant or a differential cross section both at a state

5=l

resolved level of detail. While the measurement of state-to-state rate

~

constants has reached a highly sophisticated level using excitation and

&g

detection with pulsed lasers, the measurement of angular dependent state

selective cross sections in a crossed molecular beam experiment is not an

easy task. Therefore often two other quantities are used to extract

information on the interaction potential in which one of the strict

™Y
PATRrS

requirements has been relaxed: state selective integral cross sections and

the differential energy loss cross sections.

% |

In the first part of this overview the experimental techniques for
state preparation and state selection will be summarized and illustrated by
typical examples both for cell experiments and molecular beam work. Then

>
'l
~8_s

[

measured cross sections will be presented with particular emphasis on

-~y recent developments concerning diatomic open-shell molecules and vibra-
3
g; tionally excited molecules as well as polyatomic molecules and small
e clusters. Finally the information content and the relation of the different
t‘ measured quantities to the interaction potential will be discussed. This
includes simple models for the interpretation of the data and the discus-
o sion of open questions in the field.
1
s
‘.
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ROTATIONAL RAINBOWS IN ELECTRON-MOLECULE SCATTERING

K.Bergmann
Fachbereich Physik der Universitat, Postfach 3049,
D-6750 KRaiserslautern, FRG

Rotational excitation of molecules in their electronic ground
state by electron impact is one of the most important energy
transfer processes in low temperature laboratory gas discharges
and in low lying planetary ionospheric layers. Over the last
few years, crossed beams experiments yielded total and
differential cross sections and elucidated the mechanisms through
which these processes proceed preferentially. No experimental nor
theoretical investigations with state selection for other than
hydrogen molecules or energies exceeding 100 eV have been
reported. In particular, no experimental data are available for 4
scattering in the backward direction. This angular range is not
accessible in conventional electron scattering spectrometers.
In this lecture state-to-state differential cross sections for
scattering angles in the range 90o < 0« 180o for collision
energies of 150, 225 and 300

eV, using the well established
" /k\300ev state selection technique /1/, |
Q / \ are presented /2/. We find 1
g; Jl ¥ rotational transitions as
N A / \ large as Aj=28 and pronounced ‘
e \ . // \ / \\\ rotational rainbow structures.
g “/./+\ ./:\‘/ ¢ \/ '\: This result is of fundamental 1
0 10 20 30 importance because it is
Aj=jf expected to be generally valid
for high energy electron- J
Fig. 1: Rotational rainbow molecule scattering.
structure in Naz—e scattering. ‘

REFERENCES

1 U. Hefter, P.L. Jones, A. Mattheus, J. Witt, K. Bergmann, and
R. Schinke, Phys. Rev. Lett. 46, 915 (1981)

2 G. Ziegler, M. Radle, O. Patz, K. Jung, H. Ehrhardt, and K.
Bergmann, to be published
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George W. Flynn
Department of Chemistry
and Columbia Radiation Laboratorv
Columbia University
New York, NY 10027

DIODE LASER PROBING OF DYNAMIC ENERGY

TRANSFER EVENTS

B 8 5 8 = O

Infrared diode lasers have been used to probe more than a dozen different

carbon dioxide vibrational states and tens of rotational levels in each

EA

separate vibrational state produced as the result of collisions,

photodissociation, and chemical reactions. Ccllisions between hot hydrogen or

deuterium atoms (approximately 2eV translational energy) and cold CO2 produce

O -

a wide distribution of excited vibrational and rotational states. Direct

excitation of the CO2 pure antisymetric stretch levels 0001 and 0002 has been

3

detected, and the rotational distribution produced in these vibrational states

4 as a result of hot atom collisions is peaked at J-33. Relaxation of
A
electronically-excited mercury atams, NO2 molecules, and azulene molecules due
Y .
g to collisions with a bath of room temperature co, molecules has been studied.

In these experiements, diodes are used to probe the energy of the vibrational

| A

modes of the CO2 bath produced as a result of the relaxation of these

"2

electronically-excited donors. The low frequency CO2 bending modes are

L!—) 2

! produced more efficiently than the antisymmetric stretching modes for

quenching of mercury atcms and azulene molecules, but the mechanism for

e

relaxation of atoms, small and large molecules is clearly different in each

L cace.
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Inelastic Energy Transfer (Theoretical)

R. Schinke
Max-Planck-Institut fiir Stromungsforschung

D-3400 Gottingen, FRG

Recent developments of the theory of inelastic energy transfer will be
reviewed. This includes new methods as well as applications to realistic
systems. Of particular interest are rotational and vibrational excitation
in atom-molecule and molecule-molecule collisions and the qualitative
relation between the cross sections and the multi-dimensional potential
energy surface. We will also consider electronic fine structure transitions
in collisions with open shell molecules such as OH or NO. An appreciable
amount of time will be allocated to direct photodissociation processes
(half collisions) which are in many respects similar to atom-molecule

collisions. The common features as well as significant differences will be

discussed.
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Y WAVEPACKET APPROACH TO MOLECULAR COLLISIONS
. Donald J. Kouri
2 Department of Chemistry

University of Houston
Houston, TX 77004

>
;’J 2t

The Schrédinger equation is a first-order linear partial ditferential
equation and as a result, it is an initial value equation rather than a muitipoint
boundary value problem. This implies that one may obtain solutions
corresponding to a single initial internal state when considering collision
processes. An important consequence is that one may develop solution
techniques which scale as the square of the number of quantum states involved
in the collision. Further, most molecular beam experiments utilize a supersonic
nozzle which leads to only a few initial internal states and therefore methods
that only need calculate scattering for those may be very efficient. Time
independent (close coupling) methods must calculate as many solutions to the
scattering as there are coupled quantum states. As a result, they scale as the
cube of the number of quantum states. Finally, wavepackets can contain
3 components for many energies and thus the scattering information for all of the
energies in the packet is obtained in a single wavepacket propagation. in this
talk, the basic ideas of the wavepacket approach will be presented.. The initial
test calculations for the Lester-Bernstein model problem will be given to
illustrate the method for gas phase collisions. These results include some
obtained including 969 quantum states. in addition, sample applications to
other scattering problems will be mentioned, including an exact quantum
calculation done for N2 scattered off a LiF model corrugated surface. which
‘ included 18,711 rotation-diffraction states. The extension of the approach to
o treat reactive gas phase collisions will also be indicated.
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Abstract for the 1987 Conference on the

Dynamics of Molecular Collisions

TRANSLATIONAL-TO-ROVIBRATIONAL ENERGY TRANSFER AT HYPERTHERMAL
VELOCITIES: APPROACHES BASED ON COLLISIONAL TIME-CORRELATION
FUNCTIONS

David A. Micha
Departments of Chemistry and of Physics
University of Florida
Gainesville, Florida 32611

Methods based on collisional time-correlation functions
can be used to describe mechanisms of energy transfer in
collisions of pairs of molecules with hyperthermal kinetic
energies, and to calculate double differential cross sections
for energy and angular distributions. Impulsive scattering,
semi- classical and operator algebraic methods have been
applied to the scattering of atoms with free and adsorbed
molecules to calculate cross sections for usual experimental
conditions.[1-3]

1. D. A. Micha, Intern. J. Quantum Chem. Symp.19, 443
(1986)

2. E. Vilallonga and D. A. Micha, J. Chem. Phys. 86, 750
and 760 (1987)

3. J. A. Recamier, D. A. Micha and B. Gazdy, J. Chenm.
Phys. B85, 5093 (1986)
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o OVERVIEW: MOLECULE-SURFACE COLLISIONS (EXPERIMENTAL)
! ' S. J. Sibener
Department of Chemistry
The University of Chicago
ﬁ: Chicago, IL 60637
Recent experimental advances made in the areas of gas-surface and
5 laser-surface interactions will be reviewed. Subjects examined will include
elastic, inelastic, and reactive scattering experiments, as well as laser and
A electron induced desorption processes. Information obtained on topics such as
3 interaction potentials, surface structure, adsorbate and defect properties, state-to-
state interactions, energy transfer, surface phonon dispersion, reaction dynamics,
),:} and laser desorption mechanisms will be highlighted.
o
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"Hyperthermal Scattering from Surfaces: Electron
Excitation, lIon Emission, and Rainbows"

) . Mark J. Cardillo

d ‘ AT&T Bell Laboratories
600 Mountain Ave. -
: Murray Hill, N.J. }
I
! [ 4
t
f "
' ABSTRACT
"
0
Nonadiabatic excitation processes have been
directly measured in the scattering of 2-15eV 5
rare gas atoms from single crystal semiconductor
surfaces. These include: electron-hole pair
; excitations, ejection of ionic substrate and 3
' adsorbate atoms (neutrals are also observed), k]
; and incident particle ionization.
1
[ . A
' In addition, sharp rainbow maxima are observed
1 in the scattered angular distributions which are
sensitive to the surface topography yet insensitive .
! to the massive energy loss of the incident particle. 4
i The energy loss for all surfaces scales with the b
3 energy of local normal motion.
e
N Simple models will be developed which provide :
4 good explanations of the principal observations,
P the critical aspects of which are confirmed by Y
: classical trajectory calculations. N
1
3
3 5
o
k. »
K $
' ¥
)

-

A w -

)
A
)

A

ety ‘ 0 DOOBOBD \ 0. OO O o o A O L
B ot E M s . L T T e L ot R A e e N K L Y



FHEAESEOARW YT TERTTERETTSTTE TR TW YR nv-"wmmmwwmmmm

Dynamics of Sticky Collisions with a Surface: Rotors, Splats and Hammers

S. T. CEYER
Department of Chemistry
Massachusetts Institute of Technology
Cambridge, MA 02139

b:-.‘—'x:'; _

New and more direct evidence for the existence of a precursor molecule to
molecular chemisorption will be discussed. We have found that there are two
pathways through which CO chemisorbs on Ni(111): a pathway through which the
CO molecule is initially adsorbed as a precursor to molecular chemisorption
and a pathway through which adsorption into the molecular chemisorption state
occurs directly from the gas phase. The precursor molecule is depicted as a
tumbling rotor, still unhindered in its motion at 8K, These conclusions
result from measurements of the effects of translational energy on
chemisorption carried out in an apparatus combining molecular beam techniques
' with ultrahigh vacuum surface spectroscopies.

-

-

These techniques have also been used to show that there is a barrier to
the dissociative chemisorption of CHg on Ni(111) and that the normal! component
of the translational energy of the incident CHgq molecule is effective in
surmounting it. The barrier arises from the energy necessary to deform the
molecule to bring the carbon atom sufficiently close to the surface to form a
Ni-C bond. Vibrational excitation of the incident CHgq is similarly effective
in promoting dissociative chemisorption. The large kinetic isotope effect and
the exponential dependence of the dissociation probability on translational
and vibrational energy indicate that tunneling also plays & role in the final
C-H bond breaking step. The product of the dissociative chemisorption event
is identified by high resolution electron energy loss spectroscopy as an
adsorbed methyl radical and a hydrogen atom at a surface temperature of 130 K.
The chemistry and stability of the methyl radicals are studied. The presence
of this barrier presents a plausible explanation for an origin of the pressure
gap in heterogeneous catalysis and provides a link between ultrahigh vacuum
surface science and high pressure catalysis.

% ORI oo

A new mechanism for dissociative chemisorption, collision-induced
dissociation of adsorbates, will be discussed. We have shown that the
dissociative chemisorption of CH4, molecularly adsorbed on a Ni(1lll) surface
at 46 K, is induced by the impact of incident Ar atoms. The probability for

L an g ad
LT S ]
[ I P

g; dissociative chemisorption is exponentially dependent on the normal component
' of the kinetic energy of the Ar atoms., The impact of the Ar atom deforms the
) molecularly adsorbed methane molecule into the configuration for the
Si transition state that leads to dissociation. The implications of
o collision-induced dissociative chemisorption of adsorbates for high pressure
catalysis are immense. No reaction mechanism for heterogeneous catalysis
o under high pressure conditions can now be considered complete without
Q: assessing the importance of collision-induced chemistry. Collision-induced
dissociative chemisorption of adsorbates is likely another contributor to the
(o origin of the pressure gap in heterogeneous catalysis.
.' This work is supported by the National Science Foundation (CHE-8508734)

and the Synthetic Fuels Center of the Energy Lab at MIT,
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Overview: Molecule-Surtace Collisions (Theory)
John Tully, AT&T Bell Laboratories

Molecular collisions with surfaces have aspects in common with both gas-phase and
liquid-phase dynamics. A gas-phase scattering picture is appropriate for initial and
final states; i.e., questions concerning the efficacy of internal or translational energy in
promoting reaction, the non-equilibrium disposal of energy in products, and the
lifetime of the molecule-surface "collision complex" are relevant. During the time
molecules are in close contact with the surface, however, the substrate plays a role
similar to that of the solvent in solution chemistry. Interactions are mediated by the
solvent, and frictional or stochastic elements are introduced. In addition, interesting
dynamical effects emerge that, if not unique, are at least more prominent for gas-
surface collisions. Among these are effects such as diffraction deriving from the
crystal periodicity, continuous nesting of potential surfaces in metallic systems, and
striking orientational effects imposed by the unique direction of the surface normal.
Some current challenges in the theory of gas-surface interactions and recent progress
toward surrounding these challenges will be summarized.
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RS Time Dependent Theory of Surface-Molecule Collisions: Gaussian
! Wave Packets and Fast Fourer Transform Methods. Horia Metiu,
. Department of Chemistry, University of California, Santa Barbara,
v ! CA 93106,
; -, We show results obtained by applying Gaussian wave packet
: k- and fast Fourier transform methods to study quantum processes
i e occurring in molecule-surface collision problems. These cover He
' diffraction by a lattice in thermal motion, diffraction and
( a? rotational excitation of H, colliding with a surface and H

0 dissociation (in two dimengions!). If time permits we wilg

discuss briefly simple model calculations pertinent to hydrogen
: diffusion on surfaces and adsorption-desorption processes in a
& system where desorption requires curve crossing.
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Atom Scatterin rom Surface Defect om Dis ered Surfaces

R.B. Gerber

Department of Physical Chemistry

and The Fritz Haber Research Center

The Hebrew University of Jerusalem
Jerusalem 91904 Israel

Abstract

Most recently, scattering of light atoms and molecules has emerged as a

potentially powerful probe of imperfections on surfaces. Theoretical
results are presented cn the angular intensity distributions of atoms
scattered from imperfect surfaces, which shed light on the relation between
the measured intensity patterns and: The interaction between the defect and
the scattered atom; Geometric parameters of the imperfection; The mutual
(disordered) arrangement of the defects on the surface. Results are
obtained also on the effects of defects on the diffractive scattering (from
the crystalline part of the surface); Conditions for collapse of diffraction
structure as disorder is increased; and new, non-Bragg intensity maxima due
to scattering from the defects.

Calculations are presented for He scattering from vacancies on Pt(lll),
from CO adsorbates on Pt(1ll), and from mixtures of Xe and Ar in overlayers
on Pt. Time-dependent quantum wavepacket techniques and the Sudden
Approximation are used in different calculations. Specific findings include
(1) Cross sections (measuring the attenuations of specular intensities) for
scattering by adsorbates are sensitive to adsorbate location, but almost
uninfluenced by interactions with the adsorbate image; (2) The energy and
incidence angle dependence of the cross section suffice to determine an
accurate He/defect potential; (3) New maxima in the scattering intensity are
predicted associated with impurity-induced rainbows, and with impurity-
induced selective adsorption; (4) Diffraction collapse in He scattering from
mixed Xe + Ar overlayers is shown to occur as the "contamination" of the Xe
by Ar is sufficiently increased.

It is argued that He scattering offers exciting possibilities for

studying structural and dynamical properties of noncrystalline surfaces.
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iq . Theory of Photodissociation Processes
S . o
ﬁ t;' and its Application to van der Waals Molecules 3
N |
e |
G.G. Balint-Kurti !
o |
‘:- T School of Chemistry, University of Bristol, |
‘3 Eﬁ Bristol BS8 1TS, England !
RS The theory of photodissociation and predissociation processes
:3 2 [1,2] is discussed and its application to van der Waals molecules
:?' s reviewed., Results of applying the theory to the Ar-H2 and Ar-HD
Ve
o Gi van der Waals molecules are presented. The total integral photo-
: = . .. . . .
Q . dissociation cross sections computed in the manner described corres-
i ] . . .
bl oo pond to the experimentally observed spectroscopic line shapes. Such
-f' R
*j line shapes for vibrational and rotational predissociation processes

are presented and discussed [3]. Partial photodissociation cross

sections, which tell us how the intermediate metastable predis-—

b3

"
SIS sociative complex decomposes into different fragment quantum states,
ST . .
vj v are also given. For Ar-HD the results of the thermal averaging of
}
= 'l many cross sections for individual elementary processes [4] to
52 o construct a simulated IR spectrum is presented [5]. New theoretical
‘f . developments concerned with the application of multichannel quantum
9.,
43 ff defect theory to such processes are discussed.
A~
- ‘-‘ . .
e v 1. G.G. Balint-Kurti and M. Shapiro,
] Chem. Phys., 61, 137 (1981)
: D 2. G.G. Balint-Kurti and M. Shapiro, Adv. Chem. Phys. 60, 403 (1985)
ot =
. 3. I.F. Kidd and G.G. Balint-Kurti, J. Chem. Phys. 82, 93 (1985)
S 4. I.F. Kidd and G.G. Balint-Kurti, Faraday Discuss. Chem. Soc.
::{ .. 82, (1986) (in press)
S 5. I.F. Kidd and G.G. Balint-Kurti, Chem. Phys. Letters, 105, 91
| & (1984).
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THE STRUCTURE AND PHOTODISSOCIATION DYNAMICS OF BINARY AND
TERTIARY VAN DER WAALS MOLECULES

R. E. Miller

SAEAL

-
I

Department of Chemistry
University of North Carolina

Chapel Hill, NC 27514

Recent advances in the field of infrared laser-molecular beam spectroscopy
have made possible the detailed study of both the structure and photochemistry
of a wide range of van der Waals and hydrogen bonded molecules. In our
laboratory, we have made use of the optothermal detection method to study a
number of these systems. In several cases, we have been able to obtain excited
state lifetimes (from the homogeneous broadening of the observed transitions)
for more than one vibrational state of the molecule. These results indicate
that there is a strong mode specificity for vibrational relaxation which can be
understood in terms of simple geometrical factors. For example, in the T-
shaped CZHZ'HF complex, excitation of the HF stretch, which is directly coupled
to the van der Waals bond, gives rise to a shorter lifetime than that
associated with the decoupled C-H stretch on the acetylene subgroup. This same
effect has also been seen for the case of the "free" and "hydrogen bonded" C-H
stretches of (HCN)2 and F-H stretches of (HF)Z‘

Recently, we have made considerable advances in the study of tertiary
complexes such as (C02)3 and (HCN)3. In the case of the latter, both the
linear and cyclic conformer have been observed. For the larger complexes, mode

specific vibration relaxation is even more pronounced than in the dimers,
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Direct Absorption IR van der Waals Spectroscopy in Slit Supersonic Jets:

55

Molecular Pinballs, Hinges and Helicopters
! David Nesbitt
Joint Institute for Laboratory Astrophysics
Bureau of Standards & University of Colorado
& Department of Chemistry & Biochemistry
Boulder, Colorado 80309-0440

5 Abstract:
§§ The combination of high resolution cw tunable difference frequency

generation, high sensitivity ((10'6//ﬁ;) direct absorption methods and long path
gg length (2.5cm) pulsed s1it expansions provide a general method of spectroscopic
; investigation of weakly bound complexes in a cold molecular beam environment.
hﬁ The ability to probe both high frequency ("intramolecular”) modes via fundamental
absorptions as well as low frequency (“intermolecular") modes via hot band and
combination band absorptions in these complexes permits investigation of the
ii globa) features of the potential surface not sampled by rotational spectroscopic

studies of the ground vibrational state. The floppy nature of the binding

. between the molecular constituents results in intramolecular dynamics (i.e.

!! vibrationally averaged geometries, bond lengths, barriers to internal rotation,

* dissociation energies) that depend on internal quantum state. Since the

E? intermolecular vibrational motion can occur on time scales comparable to end over

- end rotational motion, this results in a breakdown of traditional methods of

55 spectroscopic analysis. These phenomena are discussed in the context of

o bimolecular complexes of HF with Ar, CO; and Hp (D2), in which large amplitude
= motion in stretch, bend and nearly free internal rotation are evidenced in the

Ei spectra and fully analyzed.
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CONTRIBUTED PAPERS

Tuesday Evening Session

Reactive Collisions - Theoretical (RT)

Reactive Collisions - Experimental (RE)
Molecule-Surface Collisions - Theoretical (ST)
Molecule-Surface Collisions - Experimental (SE)

Thursday Evening Session

Inelastic Energy Transter - Theoretical (ET)
Inelastic Energy Transfer - Experimental (EE)
Photodissociation, Photoionization (P)

van der Waals Molecules (V)
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Quantum Chemistry by Random Walk:
Application to the Potential Energy Surface for F + Hy » HF + H

David R. Garmer and James B. Anderson

Department of Chemistry, The Pennsylvania State University
152 Davey Laboratory, University Park, Pennsylvania 16802

We have applied the random walk method of solving the Schrodinger
equation to determine energies of the following species: the fluorine
atom F, the hydrogen fluoride molecule HF, and a number of F-H-H
configurations of interest in determining the height and location of
the saddle point for the reaction F + Hy + HF + H and the
characteristics of the potential energy surface in the region of the
barrier. Several of the F-H-H configurations examined correspond
to those suggested as saddle points in past variational calculations.

In what may be "Paradise Regained” we obtain electronic energies
for these species which are approximately 65 kcal/mol below those of
the lowest-energy variational calculations and for F and HF are only
about 9 kcal/mol above the relativity-adjusted experimental values.
Recovery of correlation energy is 96 percent complete. Since there is
little room left for error, differences in energies among F * Hj,
F-H-H, and HF + H are expected to be relatively free of error.

Thus far, we have obtained potential energies for F-H-H with
statistical uncertainties of about | kcal/mol. We will reduce these for

the most important configurations so that questions of saddle point
height and location can be resolved.
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QUANTUM MECHANICAL STUDY OF CHEMICAL REACTION AND CHARGE TRANSFER
PROCESSES IN THE (Ar+H,)* SYSTEM

Michael Baer, Soreq Nuclear Research Center, Yavne 70600, Israe}

and Hiroki Nakamura, Division of Theoretical Studies, Institute for
Molecular Science, Myodafji, Okazaki 4uy JAPAN

Abstract

A quantum mechanical study within the Reactive Infinite Order Sudden
Approximation for the fon-molecule system (Ar‘ouz, Aer’. ArH*+H) is
carried out.(1) All three arrangement channels for exchange and charge
transfer were treated simultaneously. Steric factors, opacity functions,
angular distributions and integral cross sections were calculated. The
results whenever possible were compared-with both, with experimental
results(z) and with trajectory surface hopping resultsf3) In general a
reasonable agreement was obtained for both integral cross sections and
differential cross sections. The main discrepancy is found for the
integral cross section of the reaction ArOHz’(vi-O) + ArH*+H and a
gratifying result is the nice fit between the experimental(“) and quantum
mechanical differential cross sections for the reaction Ar'eHs(vy=0) -
Ar*Hz‘. As mentioned, also steric factors were calculated anc they seem
to reveal the existence of a new mechanism not entiéely understood.

References

1. M. Baer, H. Nakamura and A. Ohsaki, Chem. Phys. Lett, 131, 468 (1986);
M, Baer and H. Nakamura (sent for publication).

2. K. Tanaka, J. Durup, T. Kato and I. Koyano, J, Chem. Phys. T4, 5561
(1981); 75, 4941 (1981); F.A. Haule, S.L. Anderson, D. Gerlich, T.
Turner and Y.T. Lee, J. Chem. Pnys. 77, 748 (1982); K.M. Ervin and
P.B. Armentrant, J. Chem. Phys. 83, 166 (1985).

3. S. Chapman, J. Chem, Pnys. 82, 4033 (1985).

4. P.M. Hierl, V. Pacak and Z. Hermann, J. Chem. Pnys. 67, 2678 (1977).
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SOLUTION OF DISSOCIATIVE STATE IN SHIFTED CHEBYSHEV SERIES

Lue-yung Chow Chiu and Edward E. LaFleur
Department of Chemistry, Howard University
Washington, D. C. 20059

The solution in shifted Chebyschev series has been derived
for the following dissociative state radial equation:

%YRL* A -r;/(zm'i) R + [fez-U(Y)]R =0 (1)

where U(r) = By/r + By/r2. For r» 1, substitution of
R(r)=(2s)Sexp(ik/z + iplnz)F(z) into Eq(l), where 2z=1/r,
s =1/2 +L1/4 + N(N+1) + By -,\Zjé and p = Bj/2k , yields
the following confluent hypergeometric equation:
22F"(2) + [(2 + 2ip)z - W]F'(z) + (s+ip)(1l-s+ip)F(z) = 0 (2)
where y=2ik2 $ubstituti§g a shifteg Chebyshev polynomial
expansion+t- i.e. F(z) = Z"Gn(w)Tgt(z), into Eq.(2), and

integrating Eq.(2) two times, we obtain a five-term
recurrence relation as follows:

BE 2 N R &R =8

(a,~-LI)ar-1) Q.+ Ay -3
[1 t n(n-1) * »n ] Gn-z

2(a,+d,-3) Yw .
+ [4+ — r = J&x_j.

3

4 [ ‘- z(’a,—i)(az-l))q_ +Z" _Rlatas-d) 4wy,
”

2R 9

(n-l)pn+1) " " n+i
(Q,-i)(dz‘i) _ A+ Q. -3 _
t[1+ CEXP) »n ](;ﬁfl =0 (3)

"'_4

Where aj; =s + ip and a; =1 - s + ip. The expansion
coefficients Gp(w) cgn then be evaluated through the
backward recursions. The above recurrence relation can be
reduced to_the four-term recurrence relation derived
previously3. The new method developed here can be extended
to solve the differential equations of different potential
function U(r).

1) Y.L.Luke,"The Special Functions and Their Approximations
(Academic New York 1969) Vols I and II.

2) C.W. Clenshaw, Proc. Cambridge Phil. Soc. 53,134 (1957).

3) E.E.LaFleur and L.-Y.Chow Chiu,J.Chem.Phys.84,2150(1986).
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A New Approach for the Determination of Addition Rate Constants
om the Analysis of Relaxation Measurements

L)

y Ronald J. Duchovic and Albert F. Wagner
Chemistry Division, Argonne National Laboratory, Argonne, IL. 60439 ;

David M. Garner and Donald G. Fleming
TRIUMF, University of British Columbia, Vancouver, B. C. V6T 2A3 Canada

A variety of relaxation techniques has been applied to study the reaction rates of
: chemical processes in which extremely short-lived intermediate species play a fundamental
role. E. B. Gordon, et al. [ Chem. Phys. Lett. 35, 79(1978)] have determineded addition i
rate constants using a hydrogen maser to measure spin shifts and broadening in the
. hyperfine transition of atomic hydrogen. The technique of muonium spin relaxation, ]
' pioneered by the research group at TRIUMF [see D. G. Fleming, et al. Muonium '
Chemistry--A Review, in Positronium and Muopium Chemistry, H. J. Ache, ed.,
American Chemical Society, 1979], has been utilized to measure rate constants for a '
number of muonium addition and abstraction reactions in the presence of a buffer gas. \
Previously, the results of relaxation experiments have been analyzed using an
abstraction model. In this work we report the development of a new addition model
which includes the competing processes of unimolecular decomposition and pressure '
stabilization. Both the unimolecular decomposition and the pressure stabilization rate ]
constants included in the new model can be related directly to RRKM theory. The new
model allows the determination of the high-pressure limit rate constant from data collected
in relaxation experiments performed at any pressure.

This model is applied to a set of synthetic data (including a randomly generated noise
component) designed to simulate the results of a muonium spin relaxation experiment.
These calculations suggest that it is possible to extract both the high-pressure limit addition
rate constant and the unimolecular decomposition rate constant, provided the noise
component is well-controlled. Secondly, the new model is used to analyze actual data from
a muonium spin relaxation experiment, permitting a comparison of the previous abstraction "
analysis with the current addition analysis. '
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NUMERICAL INTEGRATION OF DIFFERENTIALLY COUPLED EQUATIONS:
APPLICATION TO THE STUDY OF NON—ADIABATIC INTERACTIONS IN MOLECULES
by
T. Tung Nguyen—Dang, Syivain Durocher
Université de Sherbrooke
Département de Chimie
Sherbrooke, Québec, Canada
JiK 2R1
ond
Osman Atabek
Laboratoire de Photophysique Moléculaire
Université de Paris-Sud
Orsay, Fronce
91405
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ABSTRACT

"

It is shown that coupled differential equations involving derivative channel couplings,
as arise in collision problems formulated in terms of adicbatic basis, can be solved
numerically by a three points recurrence formula. This recurrence formula exibits a
structure similor to the well known Numerov formulo for potential muitiplicative coupled
channels problems.

introduction of differential couplings results in a lowering in the order of the
integrator with respect to the step size ‘'h'. Nevertheless, this is expected to be
compensated by the reduction in the number of coupled chonnels as a result of using an
adiabatic basis. Indeed, it is known that non—adiabatic couplings of adiabatic states are
generally more localized on the energy scale than the corresponding potential adiabatic
couplings of equivalent diabatic states.

The above property is illustrated by results of the numerical integrations of coupled
equations for the Hé&non—Heiles homiltonian in on odiabatic basis, using the present
oigorithm, and in the usual diabotic basis of zeroth order harmonic oscillator states,
using the usual Numerov formula.
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The Onset of Non-Rotating Wave Effects for FR-I-ES
Reactive Collisions in a Laser Field

James C. Peploski and Larry Eno
Clarkson University
Potsdam, NY 13676

A number of aspects of the breakdown of the rotating wave approximation
i (RWA) in laser modified reactive collision processes are examined. An analysis
is presented into the factors which are responsible for the breakdown and
our conclusions are similar to those in a recent article by Last, save with
regard to the effect of varying laser field strength. We also consider ways

in which one can correct for the onset of RWA breakdown. The schemes

e

considered, all depend upon suppression (by matrix transformation) of low

order couplings to the non-RWA channels. Application of the schemes and

general investigation of non-RWA behavior is made for a simple model problem
involving a single nuclear degree of freedom. We find that the results of the
calculations lend support to our identified breakdown factors. Of the correction

. AEas EmSh MSx==

schemes, one is clearly to be preferred, although a second may also have
merit. Finally, we discuss a number of complicating features of the theoretical

ol

description of laser modified collisions which may be expected to frequently
accompany the appearance of non-RWA effects.
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The Sensitivity Approach to the Analysis of
Parameter Dependencies in Reactive Collision Theory

g
% @
o Thomas R. Horn and Larry Eno
. - Clarkson University
) Potsdam, NY 13676
ﬁg New working expressions are given for the first derivatives or
elementary sensitivity coefficients of reactive and non-reactive scattering
Eg matrices with respect to an arbitrary input parameter. The expressions, as
in our earlier work, are constructed for collinear reaction but within now
o a less restricted representation of the electronic-vibrational degrees of
§§ freedom. Application is made to two simple test problems. The first deals
with the collision energy dependence of transmission and reflection on a
@g one dimensional potential curve. We examine the relative convergence
behavior of values and energy derivatives of the scattering elements with
&g the steplength in our procedure for integrating the dynamical equations.
The second test problem adds on a closed potential curve which is non-
gs adiabatically coupled to the potential curve of the first (test problem).
We examine the effectiveness of sensitivity and non-sensitivity
calculations in describing how the scattering elements behave through the
ii space of a parameter which centers the non-adiabatic coupling envelope. We
\ find that for the single parameter variation, sensitivity and he1f-spaced
E% non-sensitivity calculations using a common steplength, yield essentially
equal quality descriptions of the parameter dependence. When this finding
!! is projected into a multi-parametric context and we roughly estimate the
relative work involved in the two approaches, a minimum order for the
ﬁg parameter space, i.e. 2, is identified such that the sensitivity approach
may be expected to be the more efficient.
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Application of variational transitlion state theory .
: 3
to the isomerization reaction HONO --> HNOz !

R e N

Bruce C. Garrett
Chemical Dynamics Corporation
Upper Marlboro, Maryland 20772

Marcy E. Rosenkrantz' and Byron H. Lengsfield 111 h
Ballistics Research Laboratory
Aberdeen, Maryland 21005

Unimolecular hydrogen migration reactions are important in gas-phase ]
combustion processes. The isomerization of HONO is a prototypical example which is
thought to be important in the combustion of nitro containing compounds. Although ;
the HNO, species has not be seen directly under combustion or flame conditions, it has '

be postulated to explain experimental results. One possible route for production of HNO,

is the isomerization of HONO, however, the barrier for this reactions is known to be
high. One of the goals of this study is to obtain an estimate of the order of maganitude of

the rate for this reaction.
High pressure thermal rate constants are computed for the HONO --» HNO,

reaction using variational transition state theory with multidimensional transmission
. coefficients. The rates are computed using potential energy information obtained
K from &b initio elecironic structure calculations. The potential energy and analyuc
" first and second derivatives along the reaction path are calculated using the ]
by multiconfiguration self consistent field (MCSCF) method. \
| The barrier for this reactions is quite high (approximately 60 kcal/mol) which
s leads to very small computed rates vhen quantum mechanical tunneling effects are g
neglected. For temperatures from room temperature up to about 600K the reaction is
dominated by tunneling: the tunneling correction factor varies over several orders of
D magnitude for this temperature range. Thus, although the barrier is very high, the
reaction is tacilitated by quantum mechanical tunneling. Preliminary results indicate i
that the reaction rate is appreciable for temperatures characteristic of combustion
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! conditions.
A major concern in calculations based upon &b /astio potential energy
information 1s the effective used of the computed potential information. We examine 4,

the dependence of the computed rates on the amount of potential information available
along the reaction path. The dependence of the rates on the level of accuracy of the ab \
Lnitio potential energy information is also addressed. ;
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" Work supported by the Army Research Office under contract DAAG-29-84-C-0011.
' Permanent address: Department of Chemistry, SUNY at Binghamton, Binghamton, New i
York, 13901
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A new decomposition of the S-matrix for

multichannel resonant c¢ollisions?

Bela Gazdy and Joel M. Bowman
Department of Chemistry

Emory University, Atlanta, GA 30322

The usual decomposition of a multichannel scattering
matrix near an isolated, narrow resonance is given as a sum of a
direct and resonant part. The direct part which describes the
background scattering is regular and unitary. The resonant part

B 2N 82 A 82 e

features a pole at the complex resonance energy, and both its
magnitude and phase change rapidly as the energy varies. Given

1AL

the S-matrix, it is often a cumbersome task to extract resonance
parameters from it. We propose a new decomposition that

overcomes this difficulty, and derives from the standard one.

The new resonant part is a complete analog of the single channel
S-matrix. Its magnitude is constant, and its phase jumps by 2%

A e
;';iij

as the energy increases. The resonant time-delays for each
state-to-state transition are independent of the channel

o 3
_

indices, and exhibit a Lorentzian shape from which the resonance
energy and width are readily obtained. The square of the
magnitude of the resonant S-matrix elements are the state-to-
state transition probabilities of the resonant scattering, and
are expressed in terms of the channel partial widths. The
applicability of the proposed decomposition is demonstrated in a

ZZ X3 ZR

coupled-channel study of multichannel resonances and

unimolecular decay in H-CO collisions using a global ab initio

potential energy surface.

=
=3

3york partly supported by the Department of Energy under Grant No. DE-
FG05-86ER13568
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Intramolecular Energy Transfer and Cis-Trans
Isomerization of HONO

Yuhua Guan, Gillian C. Lynch and Donald L. Thompson
Department of Chemistry, Oklahoma State University,
Stillwater, OK 74078

Classical trajectories have been used to investigate intermolecular
energy transfer and unimolecular reaction in nitrous acid. The influece
of various initial normal mode excitations has been investigated. power
and coherency spectra are used to examine the intramolecular dynamics.
The rate of cis-trans conversion is strongly dependent on site of initial
excitation. The results show that the OH stretching mode is only weakly
coupled to the other modes. Energy transfer out of excited states of the
OH mode is slow and preferential partitioning of energy into that mode
leads to reduced rate of isomerazation.
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4] Abstract of a paper for the Conference
on the Dynamics of Molecular
Collisions, Wheeling, WV, July 12-17,
o] 1987
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!2 Amplitude Density Method for
Atom-Molecule Rearrangement Collisions

-
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K. Haug, D. W. Schwenke,! Y. Shima.Z and D. G. Truhlar

3 Department of Chemistry and Supercomputer Institute,
a University of Minnesota. Minneapolis, MN 55455
Y

Y. Sun, J. Z. H. Zhang.> Y. Zhang. and D. J. Kouri
Departments of Chemistry and Physics
University of Houston, Houston., TX 77004

TR
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A new method has been developed for the quantum mechanical calculation

P of chemical reaction rates, and it is being applied to reactive collisions
» "‘

e, &* of H, D, O, F, Cl, and Br with H2 in either the ground or first excited

" vibrational state. The method involves solving a set of coupled integral

-
-
.

equations equivalent to the Schroedinger equation with scattering boundary

o conditions by expanding the amplitude density describing the chemical system

L) ™3

s t} in a square-integrable basis set. This method reduces the computational work
e

involved in the problem to two steps: the numerical evaluation of

multidimensional integrals and the solution of large sets of linear

]
~ 2
* o

equations. Our program is designed for and run on a Cray-2 computer, and it

JEAN takes advantage of its large memory and vector processing ability. The

Y t: results obtained so far are very encouraging and have already helped to

, clarify disagreements between more approximate theoretical results and

i: K experimental results.

’E This work was supported in part by the National Science Foundation. the
e’ ég Minnesota Supercomputer Institute, and the Control Data Corporation.
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Kn 1Present address: NASA Ames Research Center, Moffett Field, CA 94035.

2MSI Visitor, 1986. Permanent Address: Israel Atomic Energy Commission,
Soreq Nuclear Research Centre, 70600 Yavne, Israel.
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3Present address: Department of Chemistry, University of California,
Berkeley, CA 94720.
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Monte Carlo simulation of RRKM unimolecular decomposition in molecular
beam experiments.

Product OX angular and energy distributions from 0(3p) + X, (X = Br, I)

Per Anders Elofson, Kjell Rynefors+ and Leif Holmlid
Department of Physical Chemistry GU
University of Gdteborg and Chalmers University of Technology

S-412 96 Goteborg, Sweden

t Deceased Dec. 31, 1986

Abstract
Statistical simulation was applied to the unimolecular decomposition of the

collision complexes formed in the crossed beam experiments on 0(3P) + Bry (1]

and 0(3p) + I, [2]. The simulation procedure [3:5] used the fundamentals of
RRKM theory and included exact angular momentum conservation. The impact
parameter distributions were varied to obtain the best fits. Good agreement s
with experimental laboratory angular distributions measured with O atoms
seeded in both He and Ne was found for impact parameter distributions which
were peaked at quite small values, in most cases between 2 and 3 A. Product
OX molecules were found to be rotationally excited and inverted with a mean
rotational energy close to twice the value expected without angular momentum
restrictions. The differences found between the calculated and the experimen-

tal angular distributions do not support any assumptions about osculating or

=

S

shortlived complexes. The normal exoergicity ADO of 27 kJ/mol for the 0 + L g

reaction agrees well with the experiments in Ref. [2].

% References &
E’, 1. D.P. Fernie, D.J. Smith, A. Durkin and R. Grice, Mol. Phys. 46 (1982) 41. 7
N 2. A. Durkin, D.J. Smith and R. Grice, Mol. Phys. 46 (1982) 1251. :
! 3. L. Holmlid and K. Rynefors, Chem. Phys. 60 (1981) 393,

% 4. K. Rynefors, Computer Phys. Commun. 27 (1982) 201. :
N 5. P.A. Elofson, K. Rynefors and L. Holmlid, Chem. Phys. 100 (1985) 39.
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Dynamical tests of RRKM unimolecuiar decompositior on a simplified

potential energy surface

Gunnar Nyman, Kjell RyneforsT and Leif Holmlid

Department of Physical Chemistry GU

University of Gdteborg and Chalmers University of Technology
S-412 96 Goteborg, Sweden

t Deceased Dec. 31, 1986

Abstract

The unimolecular decomposition of a model triatomic system similar to an
excited water molecule was studied with the classical trajectory method. Energy
term values for the different degrees of freedom were recorded for various
product separation distances, using total angular momentum as a parameter, in
the range 10-80 fi. Results for the same type of system were also found from
our RRKM-type statistical algorithm which has previously been applied to the
unimolecular decomposition of excited H20 formed in crossed beams experiments
[1] (experiments by Y.T. Lee et al. {2])), and in LIF experiments [3] (experi-
ments by Luntz et al. [4]). The available energy is there distributed in an
RRKM fashion between the degrees of freedom, observing strict conservation of
total angular momentum. By comparing the two sets of results, adynamical test
of the fundamental assumptions in RRKM~-type statistical theories is found.

The comparisor indicates good agreement between dynamical and statistical
results for high but not for low values of total angular momentum. The main
reason for this discrepancy appears to be dynamical effects close to the
centrifugal barrier due to the asymmetry in the potential. These results will
be used for further improving of the statistical simulation method for studies

of unimolecular decomposition.

References
1. P.A. Elofson, K. Rynefors and L. Holmlid, Chem. Phys. 100 (1985) 39.

2. R.J. Buss, P. Casavecchia, T. Hirooka, S.J. Sibener and Y.T. Lee,
Chem. Phys. Letters 82 (1981) 386.

3. K. Rynefors, P.A. Elofson and L. Holmlid, Chem. Phys. 100 (1985) 53.
4. A.C. Luntz, J. Chem. Phys. 73 (1980) 1143, 5393.
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ANHARMONIC VIBRATIONAL PARTITION FUNCTIONS FOR

POLYATOMIC MOLECULES AND TRANSITION STATES
Alan D. Isaacson and Xing-Guo Zhang

Department of Chemistry
Miami University
Oxford, OH 45056

The calculation of accurate anharmonic vibrational energy levels for
a given potential energy surface has recently become possible through the
development of, e.g., vibrational SCF-CI programs. However, the applica-
tion of such methods to the calculation of a sufficient number of vibra-
tional levels for the evaluation of vibrational partition functions in
polyatomic molecules is a major undertaking, and would be impractical for
the calculation of partition functions for the bound vibrational modes of
a reacting complex along a reaction path, as is needed in generalized
transition state theory. One practical alternative in such cases is pro-
vided by second-order perturbation theory. While this aspproach is not in
general as reliable for excited state energies as it is for the ground
state, we have found in preliminary calculations that the individual
excited state energies may not be very important in determining the parti-
tion function, as long as vibrational resonances are treated properly. In

this talk, we will compare the results for partition functions computed

W W e

] from levels obtained by accurate methods and by perturbation theory for

:: water and for the saddle point of the OH + Hy + HyO + H reaction. Further
g

.; conclusions using perturbation theory for this reaction will also be dis-

cussed.
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COMPLETE AB INITIO REACTICN DYNAMICS STUDY FOR Ca + HF ~> CaF +H

R. L. Jaffe, NASA Ames Research Center, Moffett Field, CA 94035, M.
D. Pattengill, Department of Chemistry University of Kentucky,
Lexington, KY 40506, and F. G. Mascarello and R. N. Zare, Department
of Chemistry, Stanford University, Stanford, CA 94305

ABSTRACT

A comprehensive first principles theoretical investigation has been
carried out for the gas phase reaction Ca + HF -> CaF + H. The
overall study involves three distinct elements: (a) generation of an
accurate ab initio potential energy surface for the ground electronic
state of <the Ca-F~H system, (b) careful fitting of the computed
surface to an analytical form suitable for three dimensional reactive
scattering calculations, and (c) execution of classical trajectory
calculations for Ca + HF ccllisions wusing the fitted potential
surface.

The potential energy surface is dominated by a deep well corres-
ponding to a stable linear H-Ca-F intermediate with an extremely
small bending force constant. The preferred geometry for Ca attack
on HF is markedly non-collinear with the saddle point for both the F
& atom exchange reaction and Ca atom insertion into the H-Ca-F well
o occurring for a Ca-F-H angle of 759, The saddle point energy is 16.1
: kcal/mol relative to Ca + HF (the barrier for the collinear reaction
path is 30.0 kcal/mol). The analytical representation of the ab
initio potential energy surface is based on a polynomial expansion in

the three diatomic bond lengths and reproduces the values of the

compute energies +to within a root mean square deviation of 1.2 |

. kcal/mol.
T
&ﬁ Classical trajectory calculations for Ca + HF(v=l) utilizing the
£itted surface establish the fact that the H-Ca-F potential well
dominates the collision dynamics, thus qualifying Ca + KF as a bona
!l £ide example of a chemical insertion reaction. This finding is
I consistent with the interpretation of results from previous exper-

imental studies on Ca + HF(v=1). Due to the extensive sampling of
the H-Ca-F well, many trajectories formed rather long-lived inter-
mediate complexes before proceeding to diatomic end products. The
results obtained support & number of generalizations relating to
microscopic features of Ca + HF collisions. Among these are: (1) at
fixed total collision energy, excitation of HF to wv=1 is much more
gs effective in promoting reaction than is placing the corresponding
amount of energy in Ca,HF translation, (2) at fixed initial transla-
tional energy, reaction cross sections increase with increasing value
r» of the HF rotational gquantum number J, (3)  for trajectories which
E; enter the H-Ca-F well, escape to form products is favored by increas-
ing initial HF J and escape back to reactants is £favored by increas-
ing initial relative translational energy, and (4) the CaF fractional
o product energy disposals are remarkably independent of initial
E} . . _ collision conditions. These findings are compatible with the obser-
’ vation that significant intermode vibrational energy does not occur
in the H-Ca-F intermediate on the collision time scale (1-2 ps).

4+
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ii MDP was partially supported by a Guggenheim Fellowship, FGM was
supported by a fellowship from the Swiss National Foundation and RNZ
acknowledges support from the National Science Foundation.



INVESTIGATIONS WITH THE FINITE ELEMENT METHOD

The collinear A + BC (A,B,C=H,D,uy) and F+H2 reaction F?'T'1 E;
Ralph Jaquet {

Lehrstuhl fUr Theoretische Chemie, Universitdt Siegen
D5900-Siegen, West-Germany

Abstract. We are investigating systematically the use of the finite element
method ( FEM ) for solving the Schrodinger equation. The following work is
devoted to the calculation of vibrational transition probabilities for the
collinear reactive system A + BC ( 1.e. H + H, and their isotopes and F + H,).
The calculations are full two-dimensional as gn the early work of Askar

et al./1/ and the results are compared with the conventional basis set
expansion methods using the R-matrix or S-matrix propagation.

We made extensive analysis of FEM on the vector-computer Cyber 205 and
developed a vector code for the efficient use in two dimensions, so that 1in
the near future applications even in three dimensions will be possible.

For the hydrogen isotope reactions we investigated the following combi-
nations: a) H+ H, b) H + DH,D + HD and H + pyH symmetric reaction c) D +
HH, H + DD and p ¥ DD asymmetric reaction. We calculated the transition
probability for five open vibrational channels and found excellent results
compared to the known “"exact” values.

The details of our FEM calculations are the following /2/: The symmetry ’
of the potential surface was not used in case of a8 symmetric reaction in '
order to have a good comparison to the values of an asymmetric reaction. This
results naturally into a larger number of grid points. The integration area
was discretized into triangles where we defined quadratic polynomials for the
local wavefunction. With this simple ansatz convergent results can be reached
for most reactions with #¢ 10000 grid points and in the case of F + H2 with
~» 32000 grid points. g

As an example in fig.1l we show our results for the reaction probability
of py+D, (n=0,1,2,3) — Wb (n' =0) + D. The lines are results of
Bondi et“al. /3/ and the dots are the present results.
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TIME DEPENDENT SEMI-CLASSICAL REACTION DYNAMICS
VIA GAUSSIAN WAVEPACKETS

§

Joel D. Kress and Andrew E. DePristo
Department of Chemistry and Ames Laboratory, USDOE
Iowa State University Ames, IA 50011

o

A time dependent solution for a one dimensional atom-
diatom exchange reaction is presented based upon a modification
of Heller's semi-classical propagation of gaussian wavepackets
(GWP’s) scheme!. The full scattering wavefunction, initialized
as a product of an incoming plane wave times an internal
oscillator state, 1is expanded in terms of GWP’s in both
translational and vibrational variables. We have found that a
multiple GWP expansion in translations is crucial for providing
an adequate final scattering wavefunction in both the
reactant’s and product’s arrangement channels.

The time dependent quantum dynamics is treated within

the interaction picture (IP) where the channel Moeller
n operators? are used explicitly. The propagation of the GWP’s
&"‘ within the IP is a two step process: 1. all GWP’'s are

propagated forward in time from te using the full Hamiltonian
until the translational center of each and every GWP resides in
either the reactant’s or product’s channel asymptotically; 2.
the forward propagation is then stopped (at tasp) and all the
GWP’s are propagated backwards in time back to to using the
channel Hamiltonian appropriate for the asymptotic
translational center of each GWP at tasp.

The GWP’s are propagated by solving the differential
equations for the GWP parameters derived from the various
Hamiltonians. Each GWP trajectory consists of the integration
of Hamilton's equations of motion plus an accumulation of the
classical action integral. Truncation of the Taylor expansion
for the potential energy function at first order provides an
analytic solution to the GWP width equation of motion. This
analytic solution along with the IP propagation procedure
provides a time dependent justification to the Frozen (width)
Gaussian Approximation.

Scattering information 1s extracted by constructing
wavefunction overlaps in each of the arrangement channels.
Numerical results for the exchange reaction H + H: on the
Porter-Karplus (II) potential energy surface? are presented.
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E. J. Heller, J. Chem. Phys. 62 (1975) 1544;

y R. Skodje and D. G. Truhlar, J. Chem. Phys. 80 (1984) 3123.
2. Scattering Theory, J. R. Taylor, (Wiley and Sons, 1872).

3. R. Porter and M. Karplus, J. Chem. Phys. 40 (1964) 1105,
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ORIENTATION EFFECTS IN H REACTIVITY

J.M. Alvarino, Dep. de Quimica Fisica, Universidad, Salamanca(E)
A. Lagana', Dip. Chimica, Universita', Perugia(l)

L R MR SR Bk

The study of reaction paths associated to collisions starting at a given value of the angle of attack is usually
based on the analysis of exact and model classical trajectory results. A recent classical trajectory study of

. the H + H, system/1/ has shown that reaction can occur either by exchange of the hydrogen atom with .
:‘ the nearest molecular end or (especially at higher collision energy) through its insertion into the hydrogen '
3 molecule. A tight correlation between the angle of attack of the incoming atom and the reactive outcome g

was found. According to these results, one can define a reaction cone inside which the large majority of
trajectories react with the atom located on its apex.

We are currently investigating the dynamics of M + HY (M = alkali and alkaline earth, Y = halogen) and
H + XY (X =halogen) families of reactions. During our investigation we found that in the Li HF reaction
where the H atom is bound to a significantly heavier partner and the transition state has a bent geometry,
reorientation mechanisms influence reactivity. In particular, it was found that especially when H is substi-
tuted by Mu attacks from the F side are scarcely or no reactive whereas attacks on the Mu side are highly t
reactive even if the final product is LiF. Such a reorientation effect disappears when H is substituted by ¢
heavier isotopes.

L R
-

o n” e

Orientational effects have been found to be important also for reaction of H with ICl. In fact, for H
initially pointing toward I, 3.5% of events led to HCl. At the same time, 0.5% of collisions initially
pointing toward Cl led to HI product. Reactive collisions ending with H bound to the atom towards v
which it was originally pointing are respectively 5.8% and 4.9% for I and Cl. A graphical study of these

trajectories has evidenced the role played by migration of the impinging H atom around the target molecule

' for determining the final outcome.

PR TR
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EFFECT OF REAGENT ROTATION ON THE REACTION

R D

OH(0,J) + Hy(0,3') ---> H,0 + H

Howard R. Mayne and Judith A. Harrison

=22 48

Department of Chemistry
University of New Hampshire
Durham , NH 03824

&= 58

Classical trajectory calculations on the reaction
OH(0,J) + H,(0,J’) --=> H,0 + H have been carried out for J up
to 30 and ‘ up to 19 at snveta} values of the cellision
energy. Both the Schatz-Elgersma  and Rashed-Brown potential
surfaces have been used.

s 23

Rotation in the H, bond shows reagtivity trends similar +to
those seen in recent stadins on H + H Generally the reaction
cross section increases as J’ incrnasas; however, near threshold
this increage is preceded by a decrease for J’=0-4. Model
calculations” have succeeded in explaining the effect for H + HZ'
A and seem to be also useful foxr OH + Hz.

g X %)
-
e oo

Rotation in OH produces different effects for different
collision energy regimes. At high translational energy OH
rotation tends to increase reaction cross sections, often after
an initial decrease. At low translational energy, the reaction
cross section increases up YO0 a maximum near J=20, after which it
decreases. Possible explanations for +this behavior will be
discussed.

1. G.C. Schatz and H. Elgersma, Chem. Phys. Lett. 73(1980)21.

2. 0. Rashed and N.J. Brown, J. Chem. Phys. 82(1985)5506.
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3. C.A. Boonenberg and H.R. Mayne, Chem. Phys. Lett. 108(1984)67.

R 4. H.R. Mayne, Chem. Phys. Lett. 130(1986)249.
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Quasiclassical and Semiclassical Approaches to !
Molecular Collision Dynamics

J.T. Muckerman, S. Kanfer, J. Logan and R.D. Gilbert
Chemistry Department
Brookhaven National Laboratory

. Upton, NY 11973 ¥
: and
G.D. Billing

Panum Institute
University of Copenhagen, Denmark

Research elucidating the details of molecular collision phenomena,
especially reactive scattering and electronically nonadiabatic behavior,
using one of several types of classical trajectory approach as the principal 5
tool will be presented. These various "types" of classical trajectories !
range from the standard quasiclassical trajectory method, in which all
degrees of freedom are treated classically after the imposition of a single .
quantum condition or constraint, to "quantum trajectories", which resemble &
classical trajectories only in form, but arise from an approximate solution
1 to the time-dependent Schrbdinger equation. The thrust of this research is
& two-fold: one aspect deals with developing concepts and methods, the other
with their applications to chemical problems. The major "applications"
g project concerns the reaction of O( D) with isotopes of Hy. It and several

"methods" projects will be summarized. i

AVt W

These "methods" projects include a fully three-dimensional application
of a semiclassical (classical path) reactive scattering method employing
hyperspherical coordinates. In this application, the "hyperradius" and the
Euler angles specifying the overall orientation and rotation of the system
are treated classically; the two "internal angles" that specify the arrange-
ment of the system are treated using time-dependent quantum mechanics. No
angular momentum decoupling approximations are made. 2

- e W
X Cd

E Y
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A "quantum trajectory" method which arises from a quantum mechanical
treatment employing an approximate, separable time-dependent wavefunction of
the form X(x,t)Y(y,t), where x is the "relative" coordinate, y the
"internal®™ coordinates, and X(x,t) a Gaussian wavepacket that is constrained
to remain Gaussian throughout the course of the collision, will also be
discussed. An expression for "semiclassical T-matrix" elements in this
theory and the sensitivity of computed transition probabilities to the
initial values of the "free" parameters, which revealed a startling result,
will be presented., In all cases in which the momentum transfer in the
collision was "not too large", there appeared to be a unique value of the
Iy initial momentum for which wavepackets of all initial breadths gave exactly
g the same result. A formal explanation of this behavior, which follows from
the basic assumptions of the theory, not only shows that such a "stationary
point" should occur when the initial momentum is near the average of the
initial and final asymptotic channel momenta for the transition in question,
but also explains the shift in the value of the unique momentum away from
N the average of the asymptotic channel momenta, and why the theory breaks
) down for large magnitudes of momentum transfer in the "quantum trajectory".
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EFFECTS OF DIATOMIC REAGENT ALIGNMENT ON THE A + BC REACTION

M., D. Pattengill, Department of Chemistry, University of Kentucky,
Lexington, KY 40506, R. N. Zsre, Department of Chemistry, Stanford
University 94305 and R. L. Jaffe, NASA Ames Research Center,
Moffett Field, CA 94035

ABSTRACT

= = - X

2’ Effects of diatomic reagent alignment on the prototype
reaction A + BC -> AB + C have been investigated by running
classical trajectories on a modified version of the LEPS potential
which permits the minimum energy path for reactionm to be varied
from collinear to broadside attack. Preliminary calculations on

,"- {
&I

Q} both exothermic (early barrier) and endothermic (late barrier)
ﬁu g% potentials have been performed for mass combinations of the class H
& + H'L -> HH' + L, where H and H' are heavy atoms and L is a light
n%. atom. Separate calculations have been performed for alignments in
Qﬁ Eé which the initial BC rotational angular momentum vector is either

asymptotically parallel (or equivalently antiparallel) or

R asymptotically perpendicular to the direction of the A,BC {initial
relative velocity vector.

In all cases, initial BC rotational energies were chosen from
a 300 K Boltzmann distribution and for each mass combination and
potential surface wutilized, BC(v=0) gad BC(v=1l) collisions have
been studied at constant relative translational plus vibrational
o energies. Thus, for each case, the BC(v=0) and BC(v=1l) average
- total collision energies were virtually identical.

2325
(AT &

For endothermic surfaces, a distinct reagent alignment effect

W (for both BC(v=0) and BC(v=1)] on the extent of product vibrational

excitation 1is observed. Although the present studies are clearly
‘¢ model ones, the observed effect is in qualitative agreement with
~§: results obtained 4in alignment experimeants on Sr + HF(v=l), A

similar but weaker effect {s observed for BC(v=0) on exothermic
surfaces, but is absent for BC(v=1l).

-
PERE A
R A

Beyond product energy disposals, Tesults obtained also
u demonstrate a marked effect, both for endothermic and exothermic
:4 potentials, of diatomic reagent alignment on reactive <cross
?' sectious. Apalysis of the observed trends suggests a possible

underlying steric basis of the Polanyi rules which, for elementary
bimolecular gas reactions, 7relate mode specific excltation to
extent of reactivity, Results obtained are also suggestive of
generalizations <relating to the applicability of the Polanyi rules

3%
B

zi £3 to reactions which favor non-collinear collisions.
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R‘ LY MDP expresses his thanks to the NASA Ames Research Center and RN2Z
e thaoks the Natlional Science Foundation NSF CHE 84-07270 for
i ﬁ support.
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K QUANTUM REACTIVE SCATTERING IN THREE DIMENSIONS

’ USING HYPERSPHERICAL (APH) COORDINATES.

. ” -
kﬁ TESTS ON H*H2 AND D+H2

4y,

Gregory A. Parkerf* Russell T Pack,

;!;} Billy Joe Archer’.'* and Robert B. Walker

:::. Theoretical Division (T-12, MS J569)

W Los Alamos National Laboratory

W Los Alamos, NM 87545

s ABSTRACT

ﬁj

N

. Accurate CC calculations of 3D quantum reactive scattering using

l;"

b hyperspherical (APH) coordinates are reported for both zero and nonzero total

angular momentum J and for both symmetric (H+H2) and unsymmetric (D+H2) mass

combinations. Accurate 3D reactive scattering calculations are now possible

-
-
-

.-,.,

for heavier systems and higher energies than ever before.
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*Work performed under the auspices of the U S Department of Energy.
*“Department of Physics and Astronomy, University of Oklahoma, Norman, OK

73019, USA
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Global Behavior of Electron Correlation in the HF-HF System
by

Michael ). Redmon
Chemical Dynamics
9560 Pennsylvania Avenue
Upper Mariboro, MD 20772

and

J. Stephen Binkley
Sandia National Lbaoratories
Livermore, CA 94550

A calculation of the potential energy surface for HF-HF is reviewed.! The
surface consists of 1,332 points computed with the GAUSSIAN 82 program?
using a standard 6-311G** basis set. In addition to both molecules at
equilibrium, several hundred points correspond to one molecule displaced
from its equilibrium geometry. The MP4 data was fit to within 1 kcal/mole
rms error using a modified London formula augmented by many-body
polynomial terms3. A fit to a triple product of spherical functions was also
investigated4 and was found to be deficient at shorter internuclear
separations, although satisfactory at separations larger than 6 ao.

In this work the electron correlation energy is studied at several levels of
perturbation theory in addition to the full MP4 level. The SCF, MP2, MP3 and
MP4 levels are accurately fit and compared. It is shown that the most
significant effect on the energy occurs at the MP2 level, with the next most
significant change occurring at the full SDTQ-MP4 level. The global variation
of the various surfaces is examined graphically to illustrate the effect of
geometry on correlation energy.

I'M. ] Redmon and J.S. Binkley, "Global Potential Energy Hypersurface for Dynamical
Studies of Energy Transfer in HF-HF Collisions”, ] Chem Phys. in press.

2V. ] Hehre.L. Radom.P.vR.Schleyer and J. A. Pople. 46 Lastio Molecular Orbital
Iheory (Wiley & Sons, New York, 1986).

3K.S.Sorbie and J. N. Murrell, Mol. Phys. 29, 1387 (1975).
4 M.H Alexander and A E DePristo, J. Chem. Phys 63,5009 (1976)

RT23




Implementation of Dynamical Calculations on the Intel iPSC Computer’ RT 24 i,
by g

Michael ). Redmon, C. S. Murthy, and P. K. Swaminathan,
Chemical Dynamics, 9560 Pennsyivania Avenue,
Upper Marlboro, MD 20772

operating asynchronously and communicating via message passing over a
hypercube network.! In an n-cube configuration consisting of 2 processors,
each processor, or node, is connected to n other nodes and forms an n- !
dimensional hypercube, or binary n-cube. Rather than sharing a common
memory, each node has its own local memory, and 1s a self contained
computational unit running a Unix-like operating system called XENIX. For
compute-intensive applications, using algorithms that adapt well to a
concurrent architecture, such a machine offers the possibility of low cost
supercomputer performance.

i
The Intel iPSC computer is composed of a number of independent processors a

We report our experience in adapting two types of calculations to the
hypercube, namely molecular dynamics simulation of a liquid, and quantum
mechanical cfose-coupling caiculations. Both types of calculation present a
high degree of parallelism, and present the opportunity to investigate the
efficiency of various algorithms. Since interprocess communication is the
obvious bottleneck that must be overcome, some balance is needed between
optimization of the numerical algorithms and the need to pass data between
the nodes in an effective manner. The availability of vector boards that
increase each processor's power a hundredfold for some applications makes
this even more critical.

Since the nodes operate asynchronously, many novel applications can be
envisioned. such as concurrent graphical analysis of a simuliation, leading to
new horizons in interactive modelling. Since several manufacturers are
implementing the hypercube approach, it is worthy of study to anticipate
some of the problems to be encountered in adapting our traditionally
sequential algorithms to this highly parallel architecture.

* Work Supported by the National Science Foundation under Grant ISI-8661037.
I Charles L Seitz, 'The Cosmic Cube’. Comm ACM 28,22 (1985)
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Combining Transition State Theory and Quasiclassical Trajectory
Calculations for 3-Dimensional Reactive Collisions

g -
2.

4
hA &i R.J. Frost and I1.W.M. Smith, Department of Chemistry, University of
Vil Birmingham, Birmingham Bi5 2TT, England
K3
ity g
3¥ * A major disadvantage of the conventional quasiclassical trajectory

technique of investigating reactive collisions is its inefficiency. Often
a very large proportion of the trajectories fail to react and are hence
‘uninteresting'. This drawback can be overcome by starting the
trajectories at the transition state so that almost all the trajectories
reach the strong interaction region of the potential energy surface.
Following earlier workl using purely classical methods and our own
quasiclassical studies? of collinear systems, this paper reports the first
Rla _ 3-dimensional, quasiclassical calculations which combine transition state
and trajectory techniques.

X,
550

oY

Al‘-’oﬂ
4
=

» 3-D vibrationally adiabatic transition states have been constructed
SR using the adiabatic periodic reduction method.3 These transition states
rﬁj are sampled from a classical, thermal distribution over the bending,

%: rotational and translational (i.e., reaction coordinate) motions.
f; « Trajectories are then run 'forwards' in time towards products or
.I 'backwards' in time towards reagents. The forward trajectories give
o product state distributions, whilst the backward trajectories yield
3. information about the extent of vibrational adiabaticity between reagents
ﬁ :ﬁ and transition state and the properties of the colliding reagents which
a " lead to reaction. The trajectory procedure produres relative values for

state-to-state rate constants. These are converted to absolute rate
constants using adiabatic reactive sudden iransition state theory.3

%

" The method has been applied to H + H,(v) collisions occurring on the
’ . accurate LSTH potential energy surface? with 0 < v < 9. The results will
_ -ﬁ be described and comparisons made with the results obtained in
b 54 conventional trajectory calculations.d

n " le.g., R.L. Jaffe, J.M. Henry and J.B. Anderson, J. Chem. Phys.,
» _3 59. 1128 (1973).
[«

ORI 21.W.M. Smith, J. Chem. Soc. Faraday 2, 77. 747 (1981);
%‘ :é R.J. Frost and I.W.M. Smith, Chem. Phys., 111, 389 (1987).
o 3E. Pollak and R.E. Wyatt, J. Chem. Phys.., 78, 4464 (1983).

N

; <\
13 MY 9D.G. Truhlar and C.J. Horowitz, J. Chem. Phys., 68, 2466 (1978) and

b 71, 1514 (1979).
B 3 5

. 'i E. Garcia and A. Lagana, Chem. Phys. Letters, 123, 365 (1986).
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: Abstract of a paper for the 1987
jf Conference on the Dynamics of
B Molecular Collisions, Wheeling,
ag WV, July 12-17, 1987
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d& Completely %2 Golden Rule Method for

ji! Resonance Energies, Widths and Branching Ratios

Ly

»t

w4 Susan C. Tucker and Donald G. Truhlar

i} Department of Chemistry and Supercomputer Institute

o University of Minnesota, Minneapolis, MN 55455

; Abstract. We have calculated resonance energies and widths for both
:Ey one- and two-dimensional scattering resonances by a general method
involving only Hamiltonian and overlap integrals in a single

Q0N square-integrable basis set containing a scale parameter. We use a
;bf stabilization method with a compactness criterion to find the resonance
j$¥ energies and a generalization of the golden rule formalism to calculate
ea: the widths. For one-channel resonances we have found good agreement
Yt with accurate resonance energies and widths obtained by Breit-Wigner
. fits. Preliminary results on two-channel resonances indicate that we

; can calculate branching ratios to similar accuracy.

b

B¢
'pg This work was supported in part by the National Science
‘QT Foundation, by the Minnesota Supercomputer Institute, and by an NSF
N Graduate Fellowship to S.C.T.
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A COMPARISON OF LOCAL AND GLOBAL SINGLE
GAUSSIAN APPROXIMATIONS TO TIME DYNAMICS:
ONE DIMENSIONAL SYSTEMS

55

Ralph Eric Turner and R.F. Snider
Department of Chemistry
University of British Columbia

Vancouver, British Columbia
Canada V6T 1Y6 ?

The detailed calculation of the dynamics of a chemical system is usually not
considered due to the size and cost of the computation. It is thus useful to examine
various approximation methods. Such methods first need to be tried out on simple
systems, like one dimensional motion. Here two approaches to approximating the
solutions of the Schrodinger and von Neum=2.n equations by single time dependent
Gaussians are explored and contrasted, explicitly for one dimensional barrier pen-
etration. The first approach, in which no tunnelling occurs, is local in nature and
characterized by an expansion of the equations of motion to second order about
the average position of the Gaussian wavepacket or about the average position and
momentum of the Gaussian Wigner function. This approach was first introduced
by Heller [E.J. Heller, J. Chem. Phys. 03, 1544 (1975)]. Here both Heller’s ap-
proach and a more general truncation method are considered. Indeed tunnelling can
be incorporated if second order terms in the quantal von Neumann equation are
included. However, the resulting dynamics is unstable for kinetic energies where
the exact wavepacket (and Wigner function) splits into non-negligible parts that
represent reflection and transmission. In contrast, the second approach is a global
method which is obtained by applying appropriate closure approximations to the

X B 2 &2

X X

md 22 5

ﬁ equations of motion for the first and second order position and momentum expec-
tation values. This method allows tunnelling and is stable at all kinetic cnergies.
-:T": & It is also possible to approximate the global equations in such a way that the local
?:;Sj equations are obtained. :
Bl -
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THE APPLICATION OF THE TIME DEPENDENT HARTREE FOCK METHOD
TO THE STUDY OF LOW-ENERGY, COLLINEAR ION-MOLECULE REACTIONS;
AN EXAMPLE: HY + Hy=~ H,+ H"

Detlev H. Tiszauer and XK. C. Kulander

Dept. of Applied Science, and Lawrence Livermore National Lab
University of California, Livermore, California

Application of the Time Dependent Hartree Fock (TDHF) method
to the problem of low energy ion-on-molecule scattering presents
an opportunity to study non adiabatic processes dynamically (1).
The electronic state 1is expressed as a single time dependent
determinental wave fucntion with the motion of the nuclei
evaluated classically. The electronic and nuclear motions and
interactions are determined self consistently. A report of the
application of this method to the highly reactive collinear col-
lision of HY on H, is given. This collisjon is studied for two
scattering energies, and for two different target H, vibrational
levels. The resulting reaction and charge exchange probabilities
are compared with two-state quantum mechanical calculations of
Top and Baer (2). It is found that this method accurately
predicts the reaction probability but gives charge exchange pro-
babilities that agree only qualitatively with those calculated by
Top and Baer.

Charge density contours of the H;’ system at selected time
points during the collision are shown, as also are phase plane
plots of the nuclear coordinates and the temporal progression of
the net charge on the scattering proton. These plots show an in-
teresting interplay between the electronic, vibrational, and
translational energies during the collision.

A short description of the use of the TDHF method in reactive
molecular scattering will be given including a discussion of the
dynamic coupling terms that are implicitly included in this type
of calculation. These dynamic terms are absent in the standard
two-step approach of calculating the electronic potential energy
surface and then calculating the classical trajectories on that
surface.

Tiszauer and K. C. Kulander, Phys. Rev. A 29, 2909 (1983)
H. Top and M. Baer, Chem. Phys. 25, 1 (1977)
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Comparison between Theory and Experiment for the Recombination
CH3 + CH3 —» C5Hg

Albert F. Wagner
Chemistry Division, Argonne National Laboratory, Argonne, IL 60439

S

David M. Wardlaw
Department of Chemistry, Queens University, Kingston, Ontario, K7L 3N6 Canada

- -

The recombination of methyl radicals to ethane in the presence of a buffer gas M,

24

CH3 + CH3 —M-) C2H6,

W is of interest in combustion applications and in theoretical studies of loose transition state
' reactions. A microcanonical variational RRKM rate constant calculation, based on the flexible
transition state theory of Wardlaw and Marcus (J. Phys. Chem. 1986, 90, 5383) and an
adjustable empirical potential energy surface, is compared to recent measurements of this
reaction in both Ar and He buffer gas. The calculations contain two adjustable parameters: a
potential parameter o, which influences the tightness of the transition state and <AE>_ .., the
total average energy change in metastable CoHg* per collision with the buffer gas. Eor Ar
buffer gas, the parameters are optimized to obtain the best agreement with the only directly
measured high pressure limit (Hippler, et al. Z. Phys. Chemie Neue Folge 1984, 142, 1) and
with pressure dependent measurements by Gutman, et al. or Pilling, et al. (J. Phys. Chem.
1985, 89, 2268 ) at 296, 474, 577, 700, 810, or 900 K. The resulting calculated rate
constants have a 10.7% rms error with the measurements. The final value of <AE>,; is -240
+ 70 cm™* if temperature independent. However the data will permit a widc variety of
temperature dependencies for <AE>,,. The final value of a is 0.64 £ 0.07 A™*. With these
two parameters fixed, additional calculated rate constants for Ar buffer gas at 407 513, 539,
and 1350 K are in good agreement with other measurements by either Pilling, et al., or
Glanzer, et al. (J. Comb. (Int.) Symp. 1977, XVI, 949). The calculated rate constants for
Ar buffer gas have been extended up to 2000 K and accurately fit to a functional form
recommended by Gilbert, 2t al.(Ber Bunsenges. Phys. Chem. 1983, 87, 169). This fit is an
accurate representation of the calculations for the He{nperature range 300 - 2000 K and for all
pressures where the rate constant is larger than 10™ "< cc/molec-sec.

The calculations for He buffer gas can be compared to a small set of measurements by
Gutman, et al. The agreement is good but not as good as with Ar buffer gas unless <AE> |
is made strongly temperature dependent. More extensive measurements are required betore
§ this result can be confirmed.

= =2 “a
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Time Delay in a Chaotic Quantum Scattering System

Wojciech Jaworski and David M. Wardlaw
Department of Chemistry
Queen’s University
kKingston, Ontario K7L 3N&

The quantum treatment of a two degree of freedom scattering

system originally studied by Gutzwiller+ is re-examined and new
results for the time delay cbtained. Although apparently not
corresponding to any known physical system, this system is
exceptional in that its scattering can be solved analytically yet
its behavicur, as indicated by the role of the Riemann zeta
function, is inherently chaotic. It is hoped that this simple,
albeit somewhat abstract, system will provide insights into the
nature and manifestations of quantum chaos in the scattering
regime. In order to make the model more intuitive, we have re-
cast the mathematical treatment, dropped Gutzwiller's curved
space interpretation, and have explained the meaning of the phase
shift and time delay in terms of plane waves and wave packets.

Plots of phase shifts (which are identical to Gutzwiller's)
and time delays as a function of the "velocity" are presented.
The chaos in the phase shift is evident. The chaotic contribution
to the time delay fluctuates smoothly between positive and
negative values, displaying fairly sharp positive peaks
reminiscent of rescnances in conventional scattering systems. At
the time of writing an analysis of these '"resonances" was
underway; scme results of this analysis will be included in the
poster.

*M.C. Gutzwiller, Physica 7D, 341 (1985).
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Ab Initio Potential Energy Surfaces of the Electronically

e

Excited Na atom with the 02 and HCl molecules

Koichi Yamashita and Keiji Morokuma

Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

=T

P

The potential enorgf surfaces of the reactive scattering

R

processes between the Na(3S, 3P and 3D) atom with the o2 and
HC1 molecules are investigated by ab initio configurétion
interaction (CI) calculations. The MRSD-CI method is applied
with the DZP basis set. The effective core potential is used

for the Na and Cl atoms. The mechanism of the Na atom

- S B

quenching, the electronic state selectivity of reactions, and

the internal energy distribution of the products are discussed

==

based on the characteristics of the potential energy surfaces

such as the barrier heights along reaction paths and of the

surface crossing between several states.
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Theoretical Studies of Nonadiabatic Processes RT32
and Spin-Forbidden Radiative Processes

David R. Yarkony
Department of Chemistry
The Johns Hopkins University

Nonadiabatic processes involve, in an adiabatic states approach, motion on two
or more Born-Oppenheimer potential energy surfaces (PES's) which are coupled by
terms including

- . 3 .
g(J,1,R_,R) = <¥(z;R)| 0y (LR,

where the YJ(;;B) are the electronic wavefunctions for the adiabatic states. A
recently developed method for determining g(J,I,Ra,g) for large scale MCSCF/CI
wavefunctions! using analytic gradient techniques now permits efficient evaluation
of these coupling matrix elements.
We will use this methodology to consider the nonadiabatic chemical quenching
reactionsz’3
L1(?P) + HC1 + LiCl + H
Na(%P) + HC1 » NaCl + H

and (if results are available) the charge transfer reaction
Y + No » H + NOY .

For the Na(ZP) + HC1l reaction the g(22A',12A',Ra,g) will be determined for three
internal coordinates, Ra’ in several regions of coordinate space, R, including the
vicinity of a saddle point on the 12A' PES and two minima on the 22A' PES in order
to examine where the propensity for quenching might be significant and which degrees

of freedom facilitate this process.

We will also discuss the radiative decay of the alA state of CH™, i.e., the
spin-forbidden dipole-allowed transition ala » X3t'. This transition 1is
particularly difficult to treat theoretically since it derives its intensity by
coupling to 3H and ln states embedded in the CH + e~ continuum. An approach will be

presented which circumvents this difficulty.4

Refr:rences

1. P. Saxe, B. H. Lengsfield and D. R. Yarkony, Chem. Phys. Lett. 113, 159 (1985).
2. D. R. Yarkony, Int. J. Quant. Chem. 31, 91 (1981).

3. M. M. Gallo and D. R. Yarkony, J. Chem. Phys. in press.

4, B. H. Lengsfield, J. O. Jensen and D. R. Yarkony, work in progress.
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Abstract for 1987 Dynamics of Molecular Collisions Poster

Energy Partitioning in the H + HX Reactions
at 1.6 eV Collision Energy

P.M. Aker, K.D. Tabor, G. Germann and J.J. Valentini

E University of California, Irvine, CA 92717

Coherent anti-Stokes Raman Spectroscopy has been used to probe
the initial vibrational and rotational distributions arising in
the HX and H, products from reaction of translationally excited
H-atoms with HX (where X = I,Br,Cl,F).

H+ H'X>H+ H'X (1)
H+ H'X >+ H' + HX (2)
H+ H'X - H'H + X (3)

The conditions of the experiment are such that the distributions
- are probed after virtually only one collision of the fast H atom
E with the HX molecule. The use of isotopic labelling has allowed
us to distinguish between inelastic energy transfer (1) and reactive
i exchange energy transfer (2). We also report the first measurements
of the total vibrational and rotational distributions in the H,
g product of the H-atom abstraction reaction (3).
|
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Pulsed Crossed Molecular Beam Measurements of Vibrationally
State-Resolved Differential Cross Sections for the Reaction
D+ Hz(v=0) -> HD(v') + H

Steven A. Buntin, Clayton F. Giese and W. Ronald Gentry
Chemical Dynamics Laboratory, University of Minnesota
Minneapolis, MN 55455

By using pulsed mclecular bzam scattering methods coupled with
laser photolysis we have measured, for the first time, vibrationally
' state-resolved differential cross sections for the hydrogen exchange
reaction, D + HZ -> HD + H.
Translationally hot D atoms (Etrans = 2.2 eV) are generated by
ArF* (193 om) laser photolysis of D.S. A low pressure expansion of
S from a pulsed beam source is intersected by the mildly focused output
o% an excimer laser so that the D atoms are formed under nearly collision-
less conditions. This results in the very narrow D atom velocity distribu-
tion (Av/v ® 0.07) necessary for this high resolution crossed beam experi-
ment. The collimated D atom beam then intersects a skimmed pulsed super-
sonic beam of H,. The reactively scattered HD product is ionized by
electron impact " in a differentially pumped iom source and detected by
a quadrupole mass spectrometer followed by a particle counter. Internal
state selectivity is achieved by time-of-flight (TOF) velocity analysis
of the scattered product.

Results at a collision energy of 0.95 eV show clearly resolved
peaks in the TOF spectrum for the slow laboratory HD products formed
in v=0 and v=1 (scattering ~180° relative to the D atom center-of-mass
direction). In addition, details concerning the rotational state
distribution can be extracted from the shape of the TOF feature for
each vibrational state. The translational energy dependence of the
state-resolved differential cross sections has been investigated by
varying the D,H, intersection angle. Under the current conditioms,
collision enetgges from about 0.8 eV to 1.1 eV are accessible. The
results of these experiments and their implications concerning dynamical
features of the reaction will be presented.

This research is supported by the Chemical Physics Program of the
National Science Foundation, Grant No. CHE-8205769.
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SPIN-ORBIT EFFECTS IN CHEMICAL REACTIONS:
Investigation of Ground State Products from Reactions of Ba(3D)

Mark L. Campbell

Department of Chemistry
U.S. Naval Academy
Annapolis, Maryland 21402

Paul J. Dagdigian
Department of Chemistry
The Johns Hopkins University
Baltimore, Maryland 21218

o - om

An optical-pumping state selection technique1'2 has been employed to
determine the dependence of the cross sections for the production of ground-
state barium halide_products on incident spin-orbit state for the reaction of
metastable Ba(6s5d 3D) with HX and CH3X (X = Cl, Br). In addition, cross
sections for the metastable 1D state were related to those of the 3DJ multiplet
by optical pumping on an intercombination line. Ground-state products were
detected by laser-induced fluorescence using the C - X transition. For the
reactions studied, the spin-orbit dependence for the production of electronic
ground-state barium halide molecules (X 23) in which the product is highly
vibrationally excited was substantial with the magnitude of the J-dependent
cross sections having an ordering J =1 > J = 2 >J = 3. This is an opposite
ordering to that previously observed for the chemiluminescence channels in
analogous reactions.2 The magnitude of the spin-orbit effect depends upon both
the halide reactant and product vibrational state monitored. However, for all
the reactions in which the product was highly vibrationally excited, the lower
energy J = 1 state was at least two times and up to four times more reactive
than the J = 3 state. A significantly diminished variation of reactivity with
incident J was observed for lower v in the hydrogen halides. Arguments will be
presented which support that the variation of spin-orbit effect with product
vibrational level is due to the dependence of the reaction dynamics on incident
impact parameter.

1. H.-J. Yuh and P. J. Dagdigian, J. Chem. Phys. 81, 2375 (1984).

2. M. L. Campbell and P. J. Dagdigian, J. Chem. Phys. 83, 4453 (1986).
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Deuterium Atom Abstraction Reactions

Robert E. Continetti, Gary N. Robinson, and Yuan T. Lee
Materials and Chemical Sciences Division
Lawrence Berkeley Laboratory and
Department of Chemistry, University of California
Berkeley, California 94720 USA

Photolytic production of monoenergetic deuterium atoms via the excimer laser
photolysis of deuterium iodide at 248 and 193 nm has given us information
concerning the dynamics of the deuterium atom abstraction reaction:

D+DI->Dy+1

at collision energies of 42 and 76 kcal/mole. A pulsed excimer laser was crossed
with a continuous beam formed by the expansion of neat DI through a 0.5 mm
nozzle at low pressures. Some of the deuterium atoms then react with unphotolyzed
DI before they escape from the molecular beam and produce Dy molecules whose
translational energy distribution is then measured by the time of flight method.

The time of flight data obtained may be directly inverted to yield the
translational energy distribution due to the skewed kinematics of the deuterium
atom abstraction reactions. In general, the observed energy distributions indicate
that the D5 is produced in highly excited vibrational states. This shows that a
large fraction of the energy available, which includes the 33 kcal/mole
exothermicity, ends up in the internal energy of the Dy molecule. Features are also
observed which indicate that a momentum conserving spectator stripping mechanism
may be important at these collision energies.

Moderation effects were observable at the highest target pressures, however,
the data at the lowest pressures allows us to make these initial conclusions
concerning the nascent translational energy distribution. Further experiments
involving a polarized excimer laser and lower target densities will enable us to
obtain a clearer picture of the dynamics of numerous isotopic hydrogen atom
abstraction reactions in the near future.

ACKNOWLEDGEMENT
This work was supported 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-AC-03-7600098.
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Absolute Rate Coefficient for NH, + NO, from 274 to 364 K

David A. Dolsont and Robert D. Stephens
Environmental Science Department, General Motors Research

Laboratories, Warren, Michigan 48090-9055

The interest in reactions of amidogen radicals (NH,) is largely due to
the pivotal role that they play in the atmospheric chemistry of
ammonia and in the reduction of NO in post-combustion gases. Although
the reaction of amidogen with nitric oxide has received much attention
recently, NH, + NO, may be of equal importance in the atmospheric
chemistr, of ammonia. Accurate measurements of rate constants and
product yields are required for atmospheric modeling efforts and to
aid the understanding of the reaction dynamics of the amidogen

radical.

We report the results of an experimental measurement of the NH, + NO,
reaction rate between 274 and 364 K using a laser photolysis - laser
excited fluorescence technique. Our experimental results can be

summarized by k(T) = 5.7 x 10-8 ('1')'1'35

temperature range. No pressure dependence of the reaction rate was

cm3? molecule™?! s~! over this

detected with up to 40 Torr of helium. N,0 and H,0 were detected as
stable reaction products with a modulated-beam mass spectrometer

coupled to a fast flow tube reactor.

The many similarities between the reactions of NH, with NO, and with
NO suggest that similar mechanisms may apply to both reactions. The
experimental observations are consistent with the view that products
are formed by rapid intramolecular rearrangements of an energetic
collision complex (H,NNO,)*¥. Further theoretical treatment of this
reaction would improve our understanding of amidogen reaction

dynamics.

t present address: Laser Spectroscopy Facility, Department of

Chemistry, Ohio State University, Columbus, Ohio 43210
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Absolute Rate Constants and the v=2/v=1 Ratio from Cl + HBr — HCl(v) + Br

A Reinvestigation of the Laser-Initiated Cl,/HBr Chain Reaction:

Alhenfemen  SESuPed

David A. Dolsont and Stephen R. Leone¥

Joint Institute for Laboratory Astrophysics, National Bureau of Standards,
and Department of Chemistry, Uriversity of Colorado, Boulder, Colorado
80309-0440

The Cl,/HBr chain reaction has been reinvestigated using realtime state-

selected observations of Av = -1 chemiluminescence from the HCl(v) products

following pulsed laser photolysis of Cl,. These state-selected observa-
tions have been analyzed with a more complete kinetic treatment to obtain
room temperature rate constants for the chain propagation steps and the
vibrational deactivation of HCl(v=1,2) by HBr. The chain propagation rate
constants are le = (1.02%0.15) x 107!! and kR2 - (1.1%0.4) x 10.15

kr1

molecule~! s7!, respectively, for Cl + HBr ——— HCl(v) + Br and

kR2

Br + Cl, —= BrCl + Cl. Rate constants for vibrational deactivation of
- - - -12 -
HCl(v=1) and HCl(v=2) by HBr are kv1 (1.06%0.16) x 10 and kVZ

(2.09+0.50) x 107!'2? cm3® molecule™! s~!. Relative intensity measurements of

cm3

the HCl v=2-+1 and 1-+0 vibrational fluorescence are used to obtain an HCl(v)
vl " 0.40%0.06. The kinetic analysis

indicates that broadband observations of infrared chemiluminescence may

product branching ratio, Nv-Z/N

lead to erroneous rate constant determinations because of vibrational
cascade, whereas the detection of individual vibrational states leads to

correct results.

This work was supported by the Department of Energy.
+ NRC-NBS Postdoctoral Fellow 1981-1982. Present address: Laser

Spectroscopy Facility, Department of Chemistry, Ohio State University,
Columbus, Ohio 43210

¥ Staff Member, Quantum Physics Division, National Bureau of Standards,
Boulder, Colorado 80302
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Reactive Scattering from Double Minimum Potentials
William R. Creasy> and James M. Farrar

Department of Chemistry
University of Rochester
Rochester, NY 14627

We present a crossed ion beam-molecular beam study of dehydration and
dehydrohalogenation reactions of alcohols and alkyl halides with Li+ at
collision energies between 20 and 50 kcal mol-1. The kinetic energy and angular
distributions for the olefin-Li’ and HX-Li' or Hzo-Li' products measured as a
function of relative collision energy provide detailed information about the
partitioning of energy in these complex reactions. As the relative collision
energy increases, the intermediate complexes break up in a fraction of a
rotational period, establishing the time scale for the reactive process as a few
hundred femtoseconds. Like many low energy ion-molecule reactive processes,
these systems are hypothesized to occur on a double minimum potential energy
surface. The first well on the surface arises from the initial encounter
complex formed by the approaching reagents, while a sizable barrier for
isomerization to a second ionic complex prior to product formation plays a
critical role in determining the overall rate and dynamics of the elimination
process, This isomerization barrier lies below the asymptotic reactant or
product energy levels, but serves as an entropic bottleneck to reaction.
Encounter complexes formed as the reagents approach have a large probability for
decaying back to reactants, with a very large transfer of initial translational
energy to internal excitation of the neutral reagent. Direct observation of
this non-reactive flux leads to an assessment of energy partitioning in both
wells of the double-minimum potential energy surface. The energy dependent
branching ratios for this non-reactive scattering relative to the reactive flux
yleld very precise (+ 1 kecal mol_1) estimates of the intermediate isomeriza“ion
barriers, The experimental results provide tests of current double minimum
potential models for ion-neutral reaction rates and their statistical

foundations.

a Present address: Naval Research Laboratory
Chemistry Division
Washington, D.C. 20375
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Exchange Reactions of 18OH with Various Oxygen Containing Molecules

Gary D. Greenblatt and Carleton J. Howard
Aeronomy Laboratory, National Oceanic and Atmospheric
Administration, Boulder, CO 80303 and
Cooperative Institute for Research in Environmental
Sciences, University of Colorado, Boulder, CO.

Oxygen atom exchange reactions of isotopically labeled 18OH with

various molecules of atmospheric importance were studied in a flow tube

at room temperature. Laser magnetic resonance was used to measure the

removal of the 18OH and the appearance of the 16OH product. Results

showed that NO and NO, undergo rapid O-atom isotope exchange (=--2x10'11

ncm3molecu1e°1

and =1x10" s°L, respectively) No significant exchange
was observed for CO, COZ, SOZ' 0CSs, H20, 02, and N20. The
experimental results will be discussed in terms of possible reaction

mechanisms.
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Why Radiocactivity Must Be Used in Crossed Molecular Beam
Reactive Scattering Experiments

J. R. Grover
Dept. of Chemistry, Brookhaven Natl. Lab., Upton NY 11973

The study of reactive collisions in crossed molecular
beams has reached a plateau in qualitatively new capabilities
because for more than a decade the sensitivity of the general
techniques presently in use has been only incrementally im-
proved. Among the alternative techniques that have been ex-
plored, only one combines the possibility of wide generality
with the orders-of-magnitude increase in sensitivity that is
necessary to bring about further major advances: the use of
reagent molecules that incorporate short-lived 5 adioactive
nuclides generated on-line at a nuclear accelerator®. Many of
the necessary techniques have already been developed for nuc-
lear studies and for crossed-beam feasibility demonstration
: exper}ments using radioactive precursors in place of nuclear
! beams Recently there has been a spectacular proliferation of
small accelerators for use in analysis, materials processing,
isotope production, nuclear medicine, etc., so the time is now
right for their application to the study of reactive collisions
between molecules.

A possible experimental program will be presented in
sufficient detail to highlight the problems that agn be fore-
Ygen. For specificity the study of the reaction + Cl -->

A R

Y + HCl 18 considered. Nit e -12, f life = (?011 sec,
. is generated by the reaction He,n) N ing a multiple
thin target and a 50- M4A beam of 12.5- He ions from a

4 minicyclotron (cost ~ $250,000). The 1 N recoils from the
E; fgrget is stopped in flowing gaseous helium, converted to
by reaction with hydrogen donqys, and expanded from a

Y ie to form a molecular beam of 10’ molecules sec ~. Each

N atom will disintegrate with the emission of a positron of
median energy 8 Mev, which can be detected by known techniques
Y& 100% efficiency and essentially zero background. The

can Rf very selectively detected in the presence of
unreacted NH; with nearly unit efficiency via differential
sticking coefficionts or thermal chromatography. Pulsed nuc-
lear beams from a post-acceleration storage ring plus detector
timing techniques will allow the measurement of final state
' velocity distributions without sacrificing the nuclear beam
: intensity. Hodoscopic detector arrays will greatly increase
overall data acquisition rates. In favorable iystems doubly-
differential iroas sections as small as 10 per steradian
per kcal mol " should be measureable.
R. Grover, C. R. Iden, H. V. Lilenfeld, F. M., Kiely, and
Lebowitz, Rev. Sci. Instr. 47, 1098 (1976).
23. R. Grover, C. R. Iden, and H. V. Lilenfeld, J. Chem. Phys.
; 64, 4657 (1976).
Work performed at Brookhaven National Laboratory under
contract DE-AC02-76CHO0016 with the U. S. Department of Energy

and supported by its Division of Chemical Sciences, Office of
Basic Energy Sciences.
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Crossed-Beam Reactive Scattering of F, + c6"6=
Heat of Formation of igso-cﬁﬂsi‘

J. R. Grover®, Y. T. Lee?, and K. Shobatake

Inst%tuto for Molecular Science, Myodaiji, Okazaki 444, Japan
b Chem. Dept., Brookhaven Natl. Lab., Upton, NY 11973
Chem. Dept., Univ. of Calif., Berkeley, CA 94720

Angular distributions and relative total cross sections
were measured for products of the collisions of F Yith CgHg at
relative collision energies of 14 to 26 kcal mof . For this
work the Lee-design crossed beam scattering apparatus at the
Institute for Molecular Science, Okazaki, Japan, was used. The
most conspicuous product is the 1ipso-fluorocyclohexadienyl
radical i-CgHgF°, which displays a rather narrow peak very near
the laboratory center-of-mass angle at all collision energies
studied. This suggests that the reaction CgHg + Fp --> C
+ F proceeds preferentially by a statistical or quasi-stat sti-
cal mechanism. Product fluorobenzene, CgHgF, 1is masked at M/e
= 96 by dissociative ionization of CgH .S near the center-of-
mass angle but becomes clearly observab?e at smaller angles to
which little or no CqHgF®° is scattered. This means that the
reaction CgHg + F --» CgHgF + HF occurs, and does s0 in such
a way that the products acquire high translational energies.
The dependence on collision energy of the total cross section
for the production of CgHgF* was measufed and displays a well-
marked onset at 13.6 + 0.4 kcal mol The mean final state
translational energy as a function of collision energy was
obtained from the angular distribrtions and also displays an
apparent onset near 13-15 kcal mol *, meaning that the onset is
most likely a true threshold. Improved measurements to confirm
this observation are underway. The average final stati trans-
lational energy asymptotically approaches 3.7 kcal mol as the
collision energies are increased, which is so large that only a
few vibrational modes of CgHgF° can be involved in the energy
partitioning. Therefore the reaction is not completely statis-
tical. This conclusion is confirmed by the center-of-mass
angular distribution, which favors backward scattering of pro-
duct F atoms, but only by about 10-30%.

Our tentative value of the heat of formation of the ipso-
fluorocyclohexadienyl radical is 14.6 + 0.4 kcal mol™ ~. This
work shows that the crossed beam method can be used to make
precision thermochemical measurements of polyatomic free radi-
cals. It is also an outstanding example of a polyatomic-
polyatomic reaction, for which type of reaction very few cross-
ed beam reactive scattering studies have been reported.

J. R. G. supported in part by U. S. Department of Energy.
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Properties and Reactivity of Thermalized, Mass-Selected
Aluminum and Boron Cluster Ions

Luke Hanley, Stephen A. Ruatta, and Scott L. Anderson
Department of Chemistry
State University of New York at Stony Brook
Stony Brook, N.Y. 11794-3400

Aluminum and boron cluster ions produced by ion or laser
sputtering are thermalized in multiple collisions with helium in-
side a radio frequency ion trap. The cooled boron clusters are