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e SYMPOSIUM CANADIEN SUR LA CHIMIE THEORIQUE

INTERNATIONAL CONFERENCE INTERNATIONALE

GENERAL CONFERENCE INFORMATION

The q t h  Canadian Symposium on Th e o re t ica l  Ch e mis t ry  w i l l  h e  h e ld  on  June

23-27th , 1986 ,  a t  T r i n i t y  Co l le g e ,  U n i v e rs i t y  o f  To ro n t o .

CONTRIBUTED PAPERS

Con tribu ted  papers w i l l  b e  welcome f ro m a l l  a re a s  o f  t h e o re t i c a l
ch e mist ry .  A l l  co n t r ib u t e d  papers w i l l  b e  p resen ted  i n  p o s t e r  f o rma t .  A b s t r a c t s
should be  t yp e d  on  t h e  enclosed sh e e t  i n  accordance w i t h  t h e  i n s t ru c t i o n s  g ive n
th e re .

REGISTRATION

The re g i s t r a t i o n  f e e  in c lu d e s  f u l l  p a r t i c i p a t i o n  i n  t h e  co n fe re n ce ,  t h e
book o f  a b s t ra c t s ,  complementary co f f e e  b re a ks ,  and  t h e  con fe rence  banquet on

Thursday e ve n in g .

The re g i s t r a t i o n  desk w i l l  b e  open f ro m 2 :0 0  p . m.  t o  6 : 3 0  p .m.  on  Sunday
June 22nd ,  i n  t h e  f r o n t  h a l l  o f  S t .  H i l d a ' s  re s id e n ce  (s e e  enclosed  campus ma p ).
On Monday, June  2 3 rd ,  and f o r  t h e  re ma in d e r o f  t h e  week,  t h e  r e g i s t r a t i o n  desk
w i l l  b e  open f ro m 8 :3 0  a .m.  t o  4 :0 0  p .m.  j u s t  o u t s id e  t h e  l e c t u re  h a l l  (Ge o rg e

I g n a t ie f f  Th e a t re ) .

ACCOMMODATION

Un ive rs i t y  re s id e n ce ,  S t .  H i l d a ' s ,  T r i n i t y  Co l le g e

I f  you  have requested  U n i v e rs i t y  accommodation yo u  sh o u ld  go  d i r e c t l y  t o
the S t .  H i l d a ' s  Co l le g e  re s id e n ce ,  4 4  Devonsh ire  P la ce  and g o  t o  t h e  P o r t e r ' s
desk a t  t h e  f r o n t  e n t ra n ce .  H e  w i l l  t h e n  g i v e  you  t h e  ke y  t o  yo u r ro o m.  A  $5 .00

deposit  i s  re q u i re d ,  wh ich  w i l l  b e  re funded  when yo u  re t u rn  t h e  ke y  a t  t h e  end o f
the co n fe re n ce .

Park P la za

The P a rk  P laza  Ho te l i s  s i t u a t e d  a t  4  Avenue Road (n o r t h  we st  c o rn e r  o f

Bloor and Avenue Ro a d ).  R e g i s t e r  i n  t h e  norma l wa y .  Ro o m ra t e  i s  $78 .n0

s in g le /d o u b le .

A. Kapral
Department of Chemistry
University of Toronto
Toronto, Ontario, Canada
M5S 1A1

Tel. (416) 978-6106

Co-Chairmen/Co-presidents:

J. Paldus

Department of Applied Mathematics
or U n i v e r s i t y  of Waterloo

Waterloo, Ontario, Canada
N2L 3G1

Tel. (519) 888-4412

Toronto, Ont.



By A i r

By T r ain

TRAVEL

Toronto i s  served by  most major  a i r l in e s  and i s  easy t o  reach by  d ir ec t
fl igh t s  f r om Europe and the  United States .

Transportation from the a i r po r t  i s  r e a d i ly  av a i lab le .  A i r p o r t  buses
provide a r egular  d ir ec t  s erv ic e t o  the  downtown ar ea.  T h e  bes t bus i s  t he  Gray
Coach from the Departure lev e l t o  Yorkdale Sta t ion ,  then tak e the  subway south t o
Museum, which i s  c los e t o  both the  Park Plaza and T r in i t y  College (see map).
Cost $4.00. T h e r e  ar e always limous ines  wa it ing  a t  the  Departure le v e l .  T h e
cost t o  the  downtown area i s  approx imately  $24.00.

I f  you are t r a v e l l in g  by  t r a in  t o  W o n  Sta t ion ,  i t  i s  a  s hor t  subway
r ide from there t o  Museum Sta t ion .  A  s ing le  subway fa r e  i s  $1.00 but  i t  i s  bes t
to purchase tok en, 5  f o r  $4.00.

The Univ er s ity  o f  Toronto i s  loc ated i n  the  hear t  o f  the c i t y  and i s
accessible by  subway and sur face t r ans por tat ion from most par ts  o f  the c i t y .

By Ca r

Travellers  who w i l l  be  d r iv ing  t o  Toronto r equir e a d r iv e r ' s  l ic enc e
from any  country , which i s  v a l id  f o r  3  months. I f  d r iv ing  a borrowed c a r ,  b r ing

a l e t t e r  from the owner, and i f  you ar e d r iv ing  a rented c a r ,  a  copy o f  the
rental c ontrac t ' .  Pa r k in g  i s  av a i lab le  a t  t he  Univ er s ity  i n  t he  S t .  George Str eet
parking l o t  behind S t .  H i lda ' s  College a t  t he  r a te  o f  $4.00 per  day .

CUSTOMS REGULATIONS

For customs r egulat ions  as  they  apply  t o  v is i t o r s  enter ing Canada please
consult t he  neares t Consulate o r  Embassy o f  Canada, o r  w r i t e  t o :  Customs and
Excise Branch, Revenue Canada, Connaught Bu i ld ing ,  Mackenzie Avenue, Ottawa,
Ontario KlA 0L5.

INSURANCE

Vis itors  ar e s t r ongly  advised t o  check t ha t  they  have complied w ith  a l l
requirements both f o r  ent r y  in t o  Canada and f o r  t h e i r  r etur n jour ney .

Vis itors  ar e not  covered by  Canadian Health Insurance Plans .  I t  i s
therefore recommended t h a t  par t ic ipants  arrange t h e i r  own personal hea l t h  and
accident insurance. T h i s  can gener a lly  be done i n  the  home country  but  those
wishing t o  do so may obtain infor mat ion and app lic a t ion  forms - for  v i s i t o r ' s
insurance from Ontar io Blue Cross, 150 Ferrand Dr iv e,  Don M i l l s ,  O ntar io M3C 1H6
or by  telephone a t  (416)  429-2661. T h e  r a te  i s  $3.00 f o r  s ing le  coverage per  day
and $6.00 f o r  f ami ly  coverage per  day .
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General

No r es pons ib i l i t y  can be assumed f o r  personal ac c idents ,  s ickness , t h e f t
or proper ty  damage on beha lf  o f  delegates . Delegates  ar e adv ised t o  take out
insurance as  they  cons ider  necessary.

PASSPORTS AND VISAS

Par tic ipants  ar e s t r ongly  advised t o  determine t h e i r  ind iv idua l
requirements w i t h  respec t t o  enter ing Canada. C i t i z e n s  o f  some countr ies  r equ ir e
non-immigrant v is as  i n  add it ion  t o  passpor ts . Per s ons  from outs ide the U.S.A.
wishing t o  enter  the  U.S.A. from Canada should make arrangements before leav ing
the ir  home country . M u l t i p l e  ent r y  v isas  ar e required i f  enter ing Canada and/or
the U.S.A. more than once. U . S .  c i t iz ens  do not  r equ ir e  passports  o r  v isas  t o
enter Canada, but  may be asked t o  prove t h e i r  c i t iz ens h ip ;  a  b i r t h  c e r t ifi c a t e  o r
voter 's  r eg is t r a t ion  card i s  adequate. Regis ter ed a l iens  r es id ing  i n  the  United
States must have t h e i r  A l ien  Regis tr at ion Cards.

SOCIAL PROGRAMME

There w i l l  be  a Wine and Cheese Reception on Sunday, June 22nd from 6:30
p.m. t o  R:30 p.m. i n  Seeley  H a l l ,  T r in i t y  College, w i t h  a  cash bar  ( 2  f r ee  dr ink s
w i l l  be  prov ided by  the Symposium).

There w i l l  be  a f r ee  afternoon on Wednesday, June n t h  and f o l low ing
tours have been ar ranged:

- an afternoon excurs ion t o  McMichael A r t  G aller y  i n  Kle inbur g,  O ntar io
- an afternoon excurs ion t o  Niagara F a l ls  and Niagara on the  Lake
- an evening boat excurs ion on Lake Ontar io w ith  d inner  a t  Captain John's

(a boat res taurant moored i n  Toronto Harbour)

Please ind ic a te  on the  attached form i f  you w i l l  be  at tending any o f
these excurs ions .

The Symposium Banquet w i l l  be held i n  Stratchan H a l l ,  T r in i t y  College a t
7:30 p.m. on Thursday, June 26th and w i l l  be preceded by  a rec ept ion (cash bar )
in Seeley  Hall a t  6 :30 p.m. A f t e r  the banquet ther e w i l l  be a s l id e  show
presented by  the famous Canadian photographer, Mr .  Budd Watson e n t i t le d  "The
Seasons -  Georgian Bay " .

INFORMATION ON LOCAL CUISINE

Toronto abounds w i t h  many ex c ellent  res taurants  o f  every  k ind and
desc r iption and ther e i s  a  gr eat  s e lec t ion surrounding Univ er s ity  campus,
es pec ially  f o r  lunches . Dundas  St r eet  and Spadina Avenue ar e i n  China Town and
with in easy walk ing dis tanc e o f  T r in i t y  College i f  you f ee l  l i k e  Chinese food.
Rloor St r ee t ,  Yo r k v i l le  Avenue and Cumberland Avenue have endless cafes  and
restaurants and ther e are a ls o c afeter ias  on campus i f  you do not  f ee l  l i k e
walk ing. M r s .  McClelland w i l l  have a f u l l  l i s t  o f  a l l  t h e  res taurants  w i t h in  the
area.



SCIENTIFIC PROGRAMME

Inv ited lec tur es  w i l l  he  given each morning and af ternoon. A  deta i led
s c ient ifi c  programme w i l l  he  s ent t o  you a t  a  l a t e r  date.  A  l i s t  o f  the in v i t e d
speakers and the  t i t l e s  o f  t h e i r  t a lk s  i s  giv en below:

INVITED SPEAKERS S U B J E C T

R.J. Ba r t le t t

C.W. Bauschlicher

E.R. Davidson

G.W.F. Drake

K.F. Freed

H.Fukutome

L. Glass

E.J. H e l le r

J.T. Hynes

"Analy t ic al Der iv at iv e Techniques i n  Coupled C lus ter
Approach"

"The Importance o f  Elec tron Cor r elat ion on T r ans it ion
Metal Bonding"

"Comparison o f  Experimental and Theoret ic al
Determinations o f  ElectrOn Dens ity "

" Re la t iv is t ic  and OED Effec ts  i n  Two-Electron Atom and
Ions -  Comparison o f  Theory and Experiment"

"Renormalization Group Theory o f  Polymers"

"Charac tization o f  Localized Broken Symmetry Solut ions ,
Solitons , Polarons  and Breathers  i n  t he  Time Dependent
HF Equation o f  a One-Dimensional System and t h e i r
Significance i n  t he  La t t ic e  Dynamics and Elec tron
Correlation i n  Polyenes and Polyacety lene"

"Bir fur c at ion and Chaos i n  the  Hearts  o f  Chickens
and Men"

"Spectroscopy w it h  Photons and Par t ic les :  Cor r e lat ion
Functions and Semic lass ical Nonlinear  Dynamics"

"Along the  Reaction Coordinate i n  So lu t ion"

J. Koutecky " G e n e r a l  Rules  on the  Struc ture o f  Small s p  Metal
Clusters"

R.D. Lev ine " A l g e b r a i c  Methods f o r  Molecular  Struc ture and Dynamics"

J. Oddershede " T h e  Polar iz at ion Propagator Method and I t s  Applic at ions "

G. Patey  " R e c e n t  Advances i n  t he  In tegr a l Equation Theory o f
Liquids and Solut ions "

I .  Procacc ia " I n fi n i t y  o f  Scenarios f o r  the Onset o f  Chaos i n
Lorenz- like Flows"



J. Ross

P.J. Rossky

D.R. Salahub

M. Shapiro

H.J. Silv er s tone

"Experiments and Theory on Chemical I n s t a b i l i t i e s "

"Ouantum Simulat ion o f  Aqueous Systems"

"Metal Clus ters  In te r ac t ing  w i t h  Adsorbates -  The Local
(Spin) Dens ity  Des c r ipt ion"

"Coherent Control o f  Chemical Reac tions"

"Beneath the  Surface o f  Ouantum-Mechanical Per tur bat ion
Theory: D iv er enc e,  Rorel-Rased Summability ,
Exponentially  Small Subs er ies , and the  Ouasi-
Semiclassical Method, w i t h  Theoretic al and Pr ac t ic a l
Applic ation t o  the  LoSurdo-Stark Ef f ec t ,  t he  Hydrogen
Molecule-Ion, and the  JWKR Method"

H. Swinney " C h e m i c a l  Chaos and Inter mit tenc y "

A.J . Thakkar " O u a n t u m  Chemistry i n  Momentum Space:
An Overview"

D.R. Truax " S u p e r s y m m e t r y "

J.P. Valleau " M o n t e  Car lo Study o f  a Model o f  a Fex ible Poly elec t r o ly te"

A. van der  Avoird " A  Ouantum Chemical Approach t o  the  Proper t ies  o f
Molecular Crys tals "

P. Wolynes " B e y o n d  the Golden Rule:  From Proteins  i n  Semiconductors"

M.C. Zerner  " C h a r a c t e r i z i n g  Potent ia l Energy  Surfaces: Ar t  and Sc ience"

Contr ibuted papers , from a l l  areas  o f  theor et ic a l c hemis try  are welcome. T h e  pos ter
sessions w i l l  be  scheduled i n  the  afternoon. T h e  attached abs trac t form should be
consulted f o r  add it iona l in fo r mat ion .
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WE THANK THE NATURAL SCIENCES AND ENGINEERING RESEARCH COUNCIL

OF CANADA AND FLOATING POINT SYSTEMS, INC, FOR FINANCIAL

SUPPORT GIVEN TO THIS SYMPOSIUM.
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INVITED SPEAKERS S U B J E C T

O. Atabek

R.J. Ba r t le t t

C.W. Bauschlicher

E.R. Davidson

G.W.F. Drake

K.F. Freed

H. Fukutome

L. Glass

E.J. H e l le r

J.T. Hynes

J. Koutecky

R.D. Lev ine

J. Oddershede

G. Patey

B.M. P e t t i t t

I .  Procaccia

J. Ross

P.J. Rossky

"Bound And Dis s oc iativ e Spectroscopies o f  Ozone"

"Analy tical Der iv at iv e Methods i n  Coupled Clus ter
Theory"

"The Importance o f  Elec tron Cor relat ion on T rans it ion
Metal Bonding"

"Experimental and Theoretical Determination o f
Electron Dens ity "

"Relat iv is t ic  and Quantum Electrodynamic Effec ts  i n
Two-Electron Atoms and Ions -  Comparison o f  Theory and
Experiment"

"Renormalization Group Theory o f  Polymers"

"Broken Symmetry Solutions  i n  the  UHF Equation o f
Polyacetylene and t h e i r  Phys ical Signifi c anc es .  •

"Universal Bifur c at ions ,  Chaos and Cardiac Arrhythmais

"Spectroscopy w ith  Photons and Par t ic les :  Cor relat ion
Functions and Semic lass ical Nonlinear  Dynamics"

"Along the Reaction Coordinate i n  Solut ion"

"General Rules  on the Struc ture o f  Small SP.Metal
Clusters"

"Algebraic Methods f o r  Molecular  Struc ture and Dynamics"

"The Polar iz at ion Propagator Method and I t s  Applic at ions "

"Recent Advances i n  the  In tegr a l Equation Theory o f
Liquids and Solut ions "

"Molecular Configurations  and Conformations i n  Solut ion"

"The Onset o f  Chaos i n  Simple Flows: A  Tale o f
Richness and Complex ity"

"Experiments and Theory Studies  i n  Chemical
I ns tab i l i t ies "

"Quantum Simulation o f  Aqueous Systems"
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UNIVERSAL BIFURCATIONS, CHAOS AND CARDIAC ARRHYTHMIAS, Leon G lass,

Michael R .  Guevara, Alvin Shrier, Department o f  Physiology, McGill University, Montreal,
Quebec, Canada

During periodic stimulation o f  cardiac t issue, as the amplitude and frequency o f  the
stimulation are varied, a  large number o f  d if ferent  coupling patterns are observed. These
changes in  qualitat ive features o f  the dynamics (bifurcations) can be predicted from an
analysis o f  associated finite-dif ference equations. Aperiod ic, "chaotic" dynamics are
also theoret ically predicted and experimentally observed. T h e  rhythms observed in
experimental and theoretical models are analogous to  several cardiac arrhythmias observed
clin ical ly,  and thus a  part ial classificat ion o f  cardiac arrhythmias i s  possible based on
the theory o f  bifurcations o f  finite-dif ference equations.



f r l Z  C H E M I C A L  CHAOS AND INTERMITTENCY.  H a r r y  L .  S wi n n e y ,  De p a r t me n t  o f  Phy s i c s ,
Un i v e r s i t y  o f  Tex as ,  A u s t i n ,  Te x a s  78712  U. S . A .

Ex per iment s  o n  t h e  B e l o u s o v - Zh a b o t i n s k i i  r e a c t i o n  i n  a  s t i r r e d  fl o w  r e a c t o r  r e v e a l  a

t r a n s i t i o n  t o  c haos  t h r o u g h  a  p e r i o d  d o u b l i n g  s equenc e.  T h e  c h a o t i c  b e h a v i o r  i s  c h a r a c -

t e r i z e d  i n  phas e  s pac e  b y  s t r a n g e  a t t r a c t o r s  t h a t  h a v e  b e e n  c o n s t r u c t e d  f r o m t h e  l a b o r a -

t o r y  d a t a .  T h e s e  a t t r a c t o r s  h a v e  l o w  f r a c t a l  d i me n s i o n  ( b e t we e n  2  and  3 ) ,  wh i c h  i n d i c a t e s

t h a t  t h e  o b s e r v e d  n o n p e r i o d i c  b e h a v i o r  c a n  b e  d e s c r i b e d  b y  l o w  d i me n s i o n a l  d e t e r m i n i s t i c

models .  W i t h i n  t h e  c h a o t i c  r e g i me  t h e r e  a r e  many  p a r a me t e r  i n t e r v a l s  c o r r e s p o n d i n g  t o

c omplex  p e r i o d i c  s t a t e s ,  and  t h e s e  p e r i o d i c  s t a t e s  o c c u r  i n  a  u n i v e r s a l  o r d e r  g i v e n  b y

a o n e - d i me n s i o n a l  map.  I n  o t h e r  c o n c e n t r a t i o n  a n d  fl o w  r a t e  r e g i me s  we  o b s e r v e  t h r e e

d i s t i n c t  r o u t e s  t o  c haos  t h a t  i n v o l v e  i n t e r m i t t e n c y .  T h e s e  t h r e e  f o r ms  o f  i n t e r m i t t e n c y

were  p r e d i c t e d  b y  Pomeau a n d  Ma n n e v i l l e  i n  a  s t u d y  o f  a  o n e - d i me n s i o n a l  map.  T h u s ,  e v e n

t hough t h e  B e l o u s o v - Zh a b o t i n s k i i  r e a c t i o n  i n v o l v e s  mo r e  t h a n  3 0  c h e mi c a l  s p e c i e s ,  o n e -

d i me n s i o n a l  map mode l s  p r o v i d e  a  r e ma r k a b l y  good  d e s c r i p t i o n  o f  t h e  dy namic s  i n  some
parame t e r  r a n g e s  we  hav e  s t u d i e d .
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CANADIAN THEORETICAL CHEMISTRY CONFERENCE: ANALYTICAL DERIVATIVE

METHODS I N  COUPLED-CLUSTER THEORY. Ro d n e y  J .  B a r t l e t t ,  Quantum Theory P ro je c t ,
Departments o f  Ch e mist ry and Ph ysics,  U n i v e rs i t y  o f  F lo r id a ,  G a in e s v i l l e ,  F l o r i d a  3 2 6 1 1
U.S.A.

The co u p le d -c lu s t e r approach has been extended t o  in c lu d e  t r i p l e  e x c i t a t io n s
p a r t i a l l y ,  d e fi n in g  o u r  CCSDT-1 model.  T h i s  method i s  shown t o  reproduce  t h e  e n e rg ie s
from a  s e r ie s  o f  f u l l  C I  re s u l t s  (u s in g  as many as 28  m i l l i o n  d e te rmin a n ts) pe rfo rmed  a t
NASA Ames on  t h e  CRAY-2 t o  w i t h i n  a  f r a c t i o n  o f  a  kca l / mo l  a t  e q u i l i b r i u m geome tries;  a n d
even su b je c t  t o  an  RHF re fe re n ce  f u n c t io n  t o  w i t h i n  - 3  kca l / mo l  a t  h i g h l y  s t re t ch e d
geometries,  whe re  t h e  re fe re n ce  i s  in a p p ro p ria t e .

The t h e o ry  f o r  a n a l y t i c a l  d e r iv a t iv e s  i n  CC t h e o ry  i s  summarized, w i t h  t h e  p r ima ry
re s u l t  b e in g  t h a t  in s t e a d  o f  p o t e n t i a l l y  3N equa t ions f o r  g ra d ie n t s ,  o n l y  one
"

cso lu t io n .  He n c e  CC g ra d ie n t s  can  be ob ta ined  w i t h  about t w ic e  t h e  e f f o r t  re q u i re d  f o r  a
CC c a l c u la t i o n  o f  t h e  energy.

A n a ly t ica l  se co n d -d e riva t ive s,  a t  t h e  s imp le s t  l e v e l  o f  c a lc u la t io n ,  MBPT(2), h a ve
been implemented and re s u l t s  compared t o  SCF t h e o ry  and experiment f o r  a  s e r ie s  o f

in t e re s t in g  systems in c lu d in g  C H

3
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THE P OL A RIZA TION PROPAGATOR METHOD A ND I T S  A P P L I -

CATIONS. J e n s  O d d e rs h e d e ,  D e p a r t m e n t  o f  C h e m i s t r y ,  O d e n s e  U n i v e r -
s i t y ,  D K - 5 2 3 0  O d e n se  M ,  D e n m a r k .

The p o l a r i z a t i o n  p r o p a g a t o r  w i l l  b e  i n t r o d u c e d  a s  t h e  l i n e -
a r  r e s p o n s e  o f  a  s y s t e m  t o  a n  e x t e r n a l  p e r t u r b a t i o n .  A l s o  n o n - l i -

n e a r  r e s p o n s e  f u n c t i o n s  w i l l  b e  d e r i v e d .  T h e  p h y s i c a l  c o n t e n t s

o f  t h e s e  p r o p a g a t o r s  a s  w e l l  a s  t h e i r  e q u a t i o n s - o f - m o t i o n  w i l l
be d i s c u s s e d .

V a r i o u s  a p p r o x i m a t e  p r o p a g a t o r  m e t h o d s  w i l l  b e  r e v i e w e d
w i t h  t h e  m a i n  e m p h a s i s  b e e n  p u t  o n  a  n e w l y  d e v e l o p e d  m e t h o d

w h i c h  c o m b i n e s  s o m e  o f  t h e  v i r t u e s  o f  t h e  p r o p a g a t o r  m e t h o d  a n d

t h e  c o u p l e d  c l u s t e r  e x p a n s i o n  o f  t h e  g r o u n d  s t a t e .  A p p l i c a t i o n s

o f  b o t h  t h e  c o u p l e d  c l u s t e r  a n d  o t h e r  p r o p a g a t o r  me t h o d s  w i l l  b e
p r e s e n t e d ,  i n c l u d i n g  c a l c u l a t i o n s  o f  e x c i t a t i o n  e n e r g i e s ,  o s c i l -

l a t o r  s t r e n g t h s  a n d  c o u p l i n g  c o n s t a n t s  f o r  CH ,  C O  a n d  C 2H2.



A i r  A L O N G  THE REACTION COORDINATE I N  SOLUTION. J a me s  T .  Hynes,
Dept. o f  Ch e mist ry,  U n i v e r s i t y  o f  Co lo rado ,  B o u ld e r,  CO 80309 USA

Although many re a c t io n s  o f  i n t e re s t  i n  ch e mis t ry  o ccu r i n  s o lu t io n ,  t h e
in flu e n ce  o f  a  so lve n t  o n  t h e  ra t e  o f  re a c t io n s  i s  n o t  w e l l  understood a t  t h e

mo lecu la r l e v e l .  W e  w i l l  d e scrib e  t h e  re s u l t s  o f  Mo le cu la r Dynamics computer

s imu la t io n s o f  a tom t ra n s f e rs  A+BC - - - 4  AB+C i n  i n e r t  so lve n t s  and a  model SN2
re a ct io n C1  + C H

1comparison o f  Erie re s u l t s  t o  a n a l y t i c  t h e o ry  w i l l  a l s o  be  p resen ted .  T h e s e

s imu la t io n s  were  c a r r i e d  o u t  i n  c o l la b o ra t io n  w i t h  t h e  K .  Wi lso n  g roup  a t  UC, San
Diego.
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SPECTROSCOPY WITH PHOTONS AND PARTICLES: CORRELATION FUNCTIONS AND

SEMICLASSICAL NONLINEAR DYNAMICS. E r i c  J .  H e l le r ,  Department o f  Chemistry, Univ ers ity
of Washington, Sea t t le ,  Washington 98195 U.S.A.

Tradit ional spectroscopy such as  e lec t r onic  and resonance Raman s c at ter ing,  in f r a r ed
absorption and emiss ion, and microwave spectroscopy have a bas is  i n  c or r e la t ion func t ions
which may be inter pr eted s emic las s ic ally .  T h e  same i s  t r ue  o f  spectroscopies inv o lv ing
par t ic les ,  such as neutron in e la s t ic  s c at ter ing and atom-surface t ime - o f - fl ig h t  s pec tro-
scopy. T h e  use o f  c or r e lat ion func t ions ,  w it h  an under ly ing c las s ic al o r  semic lass ical
pic ture o f  t h e i r  meaning, i s  es pec ia lly  well motivated f o r  lar ge molecules and systems w i t h
many degrees o f  freedom. T r a d i t i o n a l l y ,  on ly  those c or r e lat ion func t ions  which have a
dir ec t  c las s ic al analog when w r it ten  i n  the Heisenberg Pic tur e o f  Quantum Mechanics have
been t r eated c las s ic a lly .  However , us ing wavepacket techniques i n  the Schrodinger Pic tur e,
one can t r e a t  a v ar ie ty  o f  c or r e lat ion func t ions  (such as e lec t r onic  and resonance Raman
scatter ing, o r  surface t ime - o f - fl ig h t  s c at ter ing)  which have no d i r e c t  Heisenberg c las s ic al
analog. O nc e A t  i s  understood how the appropr iate c or r e lat ion func t ions  can be inter pr eted
c las s ic ally ,  t he  fas c inat ing phenomenology o f  c las s ic al and semic lass ical nonlinear
dynamics and i t s  spec tral manifes tat ions  ar is es .



GENERAL RULES ON THE STRUCTURE OF SMALL sp METAL CLUSTERS, J .  Koutecky,
Freie Univ er s itgt  Ber l in ,  I n s t i t u t  f .  Phys ikalische Chemie, Be r l in ,
West Germany.

The elec tr onic  and geometr ic  s truc ture o f  a lk a l ine  metal c lus ter s  can be
understood and inter pr eted us ing s imple concepts o f  quantum chemistry . T h r e e  fac tor s
play an impor tant r o le :  ( 1 )  t he  compactness o f  the c lus ter ;  ( 2 )  the  nodal pr oper t ies  o f
the molecular  o r b i t a ls  ( o r ,  more generally ,  o f  natural o r b i t a ls ) ,  and ( 3)  t he  energy
s tab i l iz a t ion  due t o  po ler iz at ion func t ions  (metal o r b i t a ls ) .  T h e  t r ans i t ion  from
planar  geometries o f  small a lk a l ine  metal c lus ter s  ( 4- 6 atoms) t o  the c lus ter  shapes w ith
5- fo ld symmetry and, f u r t he r ,  t o  the tetrahedral s truc tures  i s  explained. T h e  connection
with t he  r es ults  o f  other  methods and models w i l l  be repor ted. T h e  elec t r onic  and
geometric s truc ture o f  h a  c lus ters  and mixed I a - h a  c lus ters  i s  explained. T h e  fac tors
important f o r  the e lec t r onic  s truc ture o f  I I I a - IVa  c lus ters  w i l l  a ls o  be mentioned,



METAL CLUSTERS INTERACTING WI TH ADSORBATES -  THE LOCAL ( S P I N)

DENSITY DESCRIPTION.  D e n n i s  R.  S a l a h u b ,  De p a r t e me n t  d e  c h i m i e ,

Un i v e r s i t e  d e  Mo n t r e a l ,  C . P .  6 1 2 8 ,  S u c c .  A ,  Mo n t r e a l ,  Quebec ,  H3C 3 V 1 .

The L o c a l  -  ( S p i n )  -  De n s i t y  met hods  i n c o r p o r a t e  ex c hange a n d  c o r r e l a t i o n  e f f e c t s

t h r o u g h  a  l o c a l  c o r r e l a t e d  e l e c t r o n  gas  p o t e n t i a l .  T h e  LCGTO v a r i a n t  o f  t h e  met hod

a l l o ws  t h e  a c c u r a t e  c a l c u l a t i o n  o f  t h e  e l e c t r o n i c  s t r u c t u r e ,  g e o me t r i e s ,  a n d

v i b r a t i o n a l  p r o p e r t i e s  o f  med ium s i z e d  t r a n s i t i o n  me t a l  c l u s t e r s  i n t e r a c t i n g  w i t h

ads o rba t es .  A  c ompac t ,  o r b i t a l ,  d e s c r i p t i o n  o f  t h e  b o n d i n g  i s  o b t a i n e d .  F o l l o w i n g  a
b r i e f  d e s c r i p t i o n  o f  t h e  me t hod ,  I  w i l l  d i s c u s s  r e c e n t  r e s u l t s  o n  t r a n s i t i o n  me t a l

d imers  a n d  c l u s t e r s  a n d  o n  t h e i r  i n t e r a c t i o n s  w i t h  a d s o r b a t e s .



EXPERIMENTAL AND THEORETICAL STUDIES IN CHEMICAL INSTABILITIES. J o h n  Ross,
Department o f  Chemistry, Stanford Univ ers ity ,  Stanford, CA 94305, U.S.A.

We r epor t  a v ar ie ty  o f  new experimental r es u lt s  on reac t ion (CH3CHO + 0

2per iodic  per turbations  o f  one and both fluxes  o f  reac tants  i n  a  continuous s t i r r ed  tank  r e -
ac tor .

T I

A theor et ic al s tudy  o f  proton pumps predic ts  v ar ia t ion  i n  effi c ienc y  o f  the pump with
os c il la tor y  ATP fl u x ,  inc lud ing  the pos s ib i l i t y  o f  an inc rease i n  effi c ienc y  compared t o
steady fl u x .



THE ONSET OF CHAOS IN SIMPLE FLOWS: A  TALE OF RICHNESS AND COMPLEXITY.
Itamar Procaccia, The Weizmann I n s t i t u t e ,  Rehovot, ISRAEL

The scenarios f o r  the onset o f  chaos i n  macroscopic phys ical systems ar e conveniently
put i n  a few c lasses, l i k e  per iod doubling, quas iper iodic ity  and inter mit tenc y .  I t  w i l l
be shown t h a t  once one examines t h e  onset o f  chaos i n  s imple flows  ( o f  the c lass  o f  the
Lorenz model) , t h i s  convenient s imp l ic i t y  loses  i t s  meaning. I n  such systems ther e ex is ts
an i n fi n i t y  o f  scenarios f o r  the onset o f  chaos, each o f  which i s  charac ter ized by  i t s  own
metr ic  un iv er s a lit y  and i t s  own renormaliz at ion group. T h e  reason f o r  t h is  r ichness  w i l l
be ex plained, and the nature o f  the phase diagrams (which dis play  fas c inat ing s e l f -
s imila r i t y )  w i l l  be discussed. A  new approach t o  the renormalization o f  dynamical systems
w i l l  be out l ined,  s tres s ing t h a t  a l l  these scenarios can be dea lt  w ith  i n  a un ifi ed  fas hion.



7-3 A L G E B R A I C  METHODS FOR MOLECULAR STRUCTURE AND DYNAMICS. R . D .  Lev ine,  The

Fr itz  Haber Research Center , The Hebrew Univ ers ity ,  Jerusalem 91904, I s r ae l .

Algebraic  methods are a  natural t o o l  when t he  in te r es t  i s  i n  observables and, i n  p a r t i -
cular , i n  t h e i r  t ime ev olut ion.  The l i n k  w ith bound s tates  i s  through symmetry, and spec i-
fi c a l ly  dynamical symmetry (which contains  the f a m i l ia r  dis c rete operations  g iv ing  r is e  t o
the degeneracy group as a  spec ial case) . Recent work has demonstrated t ha t  algebraic  methods
are by  no means l im i t e d  t o  systems w ith  harmonic - like spectrum. A f t e r  some s imple applic at ions
to one dimens ional problems and a b r i e f  rev iew o f  bound ex c ited s tates  o f  t r ia tomic  molecules
we s ha l l  discuss  s c at ter ing theory  i n  an algebraic  framework. Throughout the emphasis w i l l  be
on proceeding in  a  systematic  fashion from the Hamiltonian as giv en i n  geometr ical c oor d i-
nates t o  i t s  a lgebr aic  form.
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SUPERSYMMETRY. D .  Rodney Truax, Department o f  Chemistry, Univ er s ity  o f

Calgary, Calgary , Alber ta ,  Canada T2N 11\14.

Supersymmetry has i t s  or ig ins  i n  pa r t ic le  phys ics . T h e r e  i t  i s  used as a  v ehic le f o r
the un ifi c a t ion  o f  gr av ity  w ith  the three other  fundamental for c es :  elec tromagnetis m, t he
weak for c e,  and the s trong for c e.  I n  t h is  c ontex t,  a  supersymmetry trans formation t r ans -
forms bosons i n t o  fermions  o r  bosonic degrees o f  freedom in t o  fermionic  degrees o f  freedom
or v ic e verse. Suc h  trans formations  can be t r eated i n  a  manner analogous t o  space-time
symmetries o r  in ter na l symmetries such as  s pin f o r  example. However , ther e i s  a  dif ferenc e
between ordinary  symmetry and supersymmetry. G enerators  o f  space-time symmetries s a t is f y
commutation r e la t ions  wh ile  the generators o f  supersymmetry operations  obey commutation o r
anticommutation r e la t ions .  T h e  former form L ie  algebras ; t he  la t e r  a graded algebra o r  a
superalgebra, as  i t  i s  now c alled.  Superalgebras  have a wider  applic at ion than i n  pa r t ic le
physics. T h e  s imples t superalgebra y ie lds  supersymmetric quantum mechanics. A l t hough  super-
symmetry has been around s ince the ear ly  1970s ,  i t s  use i n  other  areas o f  physics r e a l l y
only  dates  from 1981. T h e  burgeoning l i t e r a t u r e  on t h i s  top ic  w i l l  be reviewed and applic a-
t ions  i n  chemical phys ics  out l ined.



7'67 T H E  IMPORTANCE OF ELECTRON CORRELATION ON TRANSITION METAL BONDING.

Charles W. Bauschlicher , J r .  and Stephen R. Langhoff, NASA Ames Research Center , Mof fe t t
F ield,  C a l i f o r n ia  94035 U . S. A.  and Stephen P. Walch, Elo r e t  I n s t i t u t e ,  Sunnyvale,
Califor nia 94087 U . S. A.

A systematic  overv iew o f  the bonding in , t r ans lO oy  metal s y e m s  w i l l  be giv en. T h e
mix ing o f  the low- ly ing atomic  s tates  ( 3 d

nmetal hydr ides  i s  shown t o  depend s tr ongly  on the lev e l o f  theory , and t ha t  the d ipo le
moment i s  a  s ens it iv e measure o f  t h is  mix ing. T h e  bonding i n  the t r ans i t ion  metal ox ides
and s ulfi des  i s  more complex due t o  the double and t r i p l e  bond charac ter  i n  the wave
func tion. T h e  bonding i n  the  t r ans i t ion  metal dimers and.tr imers ,  as  well as  the  bonding

in such organometallics  as  N i( C 0 )
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CHARACTERIZING POTENTIONAL ENERGY SURFACES; A R T  AND SCIENCE. M i c h a e l  C.
Zerne r,  Quantum Theory P ro je c t ,  U n i v e rs i t y  o f  F lo r id a ,  G a in e s v i l l e ,  F l o r i d a  3 2 6 1 1  U.S .A .

One o f  t h e  most d ra ma t ic  advances o f  quantum ch e mis t ry  i n  t h e  l a s t  decade has ce n te re d

around t h e  ways i n  wh ich  mo le cu la r geometries and re a c t io n  t r a n s i t i o n  s t a t e s  ca n  be  e xp lo re d
through compu ta t ion .  I n  t h i s  l e c t u re  we re v ie w t h e  va rio u s  ways i n  wh ich  these  searches

along mo le cu la r p o t e n t i a l  energy su rfa ce s a re  made; b o t h  t h e  " a r t "  and t h e  sc ie n ce .  A
p a r t i c u l a r  l i n e  se a rch  s t ra t e g y  w i l l  be  d iscussed ,  a s  w i l l  a  method f o r  q u i c k l y  o b t a in in g  an
approximate Hessian  (second d e r i v a t i v e )  ma t r i x  a ccu ra te  enough even t o  se a rch  f o r  t r a n s i t i o n
sta te s.  E xa mp le s  w i l l  be  g ive n  where th e se  techn iques have been used t o  examine some unusua l
s t ru c t u re s  wh ich  can  be  generated f ro m a  n e a rly  a r b i t r a r y  s t a r t i n g  arrangement o f  a toms.



W i  B E N E A T H  T H E  SURFACE O F  QUANTUM-MECHANICAL PERTURBATION THEORY:

DIVERGENCE, BOREL-BASED SUMMABILITY, EXPONENTIALLY SMALL SUBSERIES, A N D  T H E  Q UAS I -
SEMICLASSICAL METHOD, WITH THOERETICAL AND PRACTICAL APPLICATION TO  THE LoSURDO-STARK

EFFECT, THE HYDROGEN MOLECULE-ION, THE JWICB METHOD, AND THE MEANING OF ASYMPTOTIC EXPAN-

SIONS. H a r r i s  J. Silverstone, Department of Chemistry, The Johns Hopkins University, Baltimore, Maryland
21218 U.S.A.

Ordinary Rayleigh-Schrodinger perturbation theory (RSPT) diverges for  certain familiar, prototype
problems: hydrogen i n  a n electric fie ld (LoSurdo-Stark effect); hydrogen i n  the  fie ld o f  a  proton (1 1

2and the  harmonic oscillator perturbed by a  quartic anharmonic term. Associated with these problems are

also exponentially small subseries. The field-induced ionization ra te  o f  the  hydrogen atom has a  series

of form exp(-k/F) times a  power series i n  the  electric field strength F.  The energy levels o f HI* occur
in pairs; the  separation between two paired levels has a  series o f  form exp(-kR) times a  power series
in 1/R, where R is  the  internuclear distance. Further, the  ra te  o f  divergence o f  RSPT is quantified by

the growth o f  the  perturbed energy coefficients, which schematically is  E

a l )  r u  N I  X  E l  +  1) + - 1  The "Bender-Wu" correction coefficients, a , b, t u r n  out to  be coefficients in an exponentially

small subseries. Thus arise the  questions, how does one "sum" these divergent series, and how does one
calculate exponentially small subseries not visible by RSPT. The method to be sketched here for calculating

the series is quasisemiclassical — related to the semiclassical JWKB method. I t involves asymptotic expansions
of Ai r y  a nd confluent hypergeometric functions, which a re  summable v ia  Borel's method. Borel-based
summability is  also a  numerical tool, as is  illustrated. The Borel-based sums of series tha t occur in the

above mentioned problems a re  complex, even though the  series a re  formally real. This observation has
important consequences for understanding asymptotic expansions and for the JWKB method.



W2,
QUANTUM CHEMISTRY I N  MOMENTUM SPACE: A N  OVERVIEW. A j i t  J .  Th a kka r,

Department o f  Ch e mist ry ,  U n i v e rs i t y  o f  New B ru n swick,  F re d e r ic t o n ,  NB, E3B 6E2, Canada.

The momentum re p re se n t a t io n  o f  quantum mechan ica l s t a t e  v e c t o rs  f o r  bound s t a t e s  i s

ve ry  mu ch  u n d e ru t i l i z e d  i n  t h e o r e t i c a l  c h e mi s t r y  i n  co mp a riso n  w i t h  t h e  p o s i t i o n  o r
co -o rd in a te  re p re se n t a t io n .  C u r r e n t  quantum ch e mica l  a c t i v i t y  i n  momentum sp a ce  ca n  b e
c l a s s i fi e d  i n t o  t h re e  ca t e g o rie s :  1 )  deve lopment o f  methods f o r  t h e  approximate  s o l u t i o n

o f  t h e  Sch rod inge r equa t ion  i n  momentum space a s w e l l  a s u se  o f  momentum space te ch n iq u e s
to  f a c i l i t a t e  t h e  c a l c u l a t i o n  o f  i n t e g ra l s  a r i s i n g  i n  co n ve n t io n a l e l e c t ro n i c  s t r u c t u r e
th e o ry;  2 )  c a l c u l a t i o n  o f  momentum d e n s i t i e s ,  f r o m  t h e  F o u r i e r - D i r a c  t ra n s f o rms  o f

p o s i t io n  space  wa ve fu n ct io n s,  f o r  comparison  w i t h  and p re d i c t i o n  o f  e xp e rime n t a l  r e s u l t s

obta ined b y  Compton s c a t t e r i n g ,  h i g h  e n e rg y e le c t ro n  imp a c t  and  b i n a r y  (e , 2 e )  s p e c t ro s -

copy; a n d  3 )  a t t e mp t s  t o  fi n d ,  f r o m  e le c t ro n  momentum d i s t r i b u t i o n s ,  n o v e l  i n s i g h t s  i n t o
the n a t u re  a n d  g e n e s is  o f  c h e mic a l  b o n d in g  w h i c h  b o t h  complement a n d  supp lemen t  t h e
conven t iona l ones.  A n  o ve rv ie w o f  some o f  t h e  most  i n t e re s t i n g  re s u l t s  o b ta in e d  i n  e a ch

o f  t h e se  t h re e  ca te g o rie s w i l l  be  p resen ted  w i t h  an  emphasis on  ch e mica l i n t e rp re t a t i o n  o f
momentum space in f o rma t io n .



101Y3 R E N O R M A L I Z A T I O N  GROUP THEORY OF POLYMERS. K a r l  F .  F r e e d ,  J ames  Fr a n c k

I n s t i t u t e  a n d  Depa r t men t  o f  Ch e mi s t r y ,  Th e  U n i v e r s i t y  o f  Ch i c a g o ,  Ch i c a g o ,  I l l i n o i s  60637
U. S. A.

The c o n n e c t i v i t y  o f  a  p o l y me r  c h a i n  l e a d s  t o  t h e  p res enc e  o f  l o n g - r a n g e  c o r r e l a t i o n s  i n

a p o l y me r  a n d  c o n s e q u e n t l y  t o  t h e  a p p l i c a b i l i t y  o f  r e n o r ma l i z a t i o n  g r o u p  met hods  f o r

d e s c r i b i n g  l a r g e  l e n g t h  s c a l e  p o l y me r  p r o p e r t i e s  wh i c h  a r e  i n s e n s i t i v e  t o  mi c r o s c o p i c  mo l e c u -

l a r  d e t a i l s  a p a r t  f r o m  t h a t  c o n t a i n e d  i n  a  f e w phenomeno log i c a l  p a r a me t e r s .

1  T h e  p o l y m e r  i smode l l ed  a s  a  s e l f - i n t e r a c t i n g  c o n t i n u o u s  random wa l k ,  a n d  t h i s  l e a d s  t o  a  p a t h  i n t e g r a l

r e p r e s e n t a t i o n  o f  t h e  c o n fi g u r a t i o n a l  s t a t i s t i c s  o f  p o l y me r s  i n  s o l u t i o n .  T h e  c h a i n  s pac e

r e n o r ma l i z a t i o n  g r o u p  t h e o r y  o f  p o l y me r s  i s  b r i e fl y  i n t r o d u c e d ,  a n d  t h e n  c ompar is ons  o f  p r e -

d i c t i o n s  f o r  e q u i l i b r i u m  and  d y n a mi c a l  p o l y me r  p r o p e r t i e s  a r e  made w i t h  e x p e r i me n t a l  d a t a
and w i t h  r e s u l t s  o f  Mon t e  C a r l o  s i mu l a t i o n s .

1
K. F.  F r e e d ,  " Re n o r ma l i z a t i o n  Group Th e o r y  o f  Ma c r o mo l e c u l e s " ,  W i l e y ,  i n  p r e s s .
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QUANTUM SIMULATIONS OF AQUEOUS SYSTEMS

P.J.  Rossky

Department o f  Ch e mist ry
The Un iv e rs i t y  o f  Texas a t  A u s t in

Au st in ,  Texas 78712

ABSTRACT

With  t h e  imp le me n ta t io n  o f  p a th  i n t e g ra l  s imu la t io n  methods, i t  has become

p o ssib le  t o  s t u d y  fundamen ta lly quantum mechan ica l e q u i l i b r i u m phenomena i n

complex many-body systems. T h e  techn ique  and t h e  re s u l t s  ob ta ined  f o r  two

aqueous systems w i l l  be  d e scrib e d .  T h e  fi r s t  i s  t h a t  o f  b u l k  l i q u i d  wa t e r,

in  wh ich  each mo lecu le  i s  t re a t e d  quantum me ch a n ica lly .  W e  fo cu s on  t h e  imp a ct

o f  q u a n t iza t io n  o f  in t e rmo le c u la r  degrees o f  f reedom. W e  examine t h e  s t r u c t u r a l

ra mifica t io n s  o f  t h e  re s u l t a n t  in cre a se d  a mp litu d e  f o r  hydrogen bond d i s t o r t i o n s ,

and t h e  r e fl e c t i o n  o f  t h i s  i n  t h e  s t r u c t u ra l  d i f f e re n ce s  between i s o t o p i c

wate rs.  T h e  second example i s  t h e  s t ru c t u re  o f  a  hyd ra ted  excess e le c t ro n ,

a system in co rp o ra t in g  a  h ig h l y  quantum mechan ica l s o lu t e .  A s p e c t s  o f  t h e

e le c t ro n -so lve n t  i n t e ra c t i o n  w i l l  be  d iscu sse d ,  and  re s u l t s  f o r  so lu t e  and

so lva t io n  s t ru c t u re  w i l l  b e  presented and compared to .  t h a t  observed i n  s imp le

io n ic  s o lu t io n s .



r o t  M O N T E  CARLO STUDY OF A MODEL OF A FLEXIBLE POLYELECTROLYTE. J o h n  P.
Valleau, Chemical Phys ics  Theory Group, Univ er s ity  o f  Toronto, Toronto,

Ontario M5S 1A1.

This i s  a  preliminary  account o f  an attempt t o  s tudy  by Monte Car lo s imulat ion the
behaviour o f  a fl e x ib le  po ly e lec t r o ly te  i n  the  presence o f  supporting e lec t r o ly te .  A  very
simple model o f  the poly elec t r o ly te has been used, and a pr imitive-model suppor t ing e lec t r o-
ly te ;  even so only  r ather  s hor t  chains  can be s tudied, o f  course. T h e  conformational
behaviour i s  examined, and i t  i s  compared t o  the  behaviour o f  chains descr ibed by  a screened
coulomb model. T h e  s truc ture o f  the surrounding e lec t r o ly te  i s  a ls o s tudied,  and compared
to t ha t  near  a r od - l ik e  poly elec t r o ly te.



714 3  A  QUANTUM CHEMICAL APPROACH TO THE PROPERTIES OF MOLECULAR CRYSTALS.

Ad v a n  d e r  A v o i r d ,  I n s t i t u t e  o f  Th e o r e t i c a l  Ch e mi s t r y ,  U n i v e r s i t y  o f  Ni j me g e n ,  To e r n o o i v e l d ,

6525 ED Ni j me g e n ,  Th e  Ne t h e r l a n d s .

I t  i s  w e l l  k nown t h a t  quan t um c h e mi c a l  c a l c u l a t i o n s  c a n  y i e l d  d e t a i l e d  a n i s o t r o p i c

i n t e r mo l e c u l a r  p o t e n t i a l s  b e t we e n  s ma l l  mo l e c u l e s .  Th e s e  i n t e r m o l e c u l a r  p o t e n t i a l s

d e t e r mi n e  t h e  s t r u c t u r e  a n d  t h e  p r o p e r t i e s  o f  mo l e c u l a r  s o l i d s ,  b u t  i n  o r d e r  t o  e v a l u a t e

t hes e p r o p e r t i e s  e x p l i c i t l y  o n e  has  t o  p e r f o r m l a t t i c e  dy namic s  c a l c u l a t i o n s .  I n s p i r e d  b y

quant um c h e mi c a l  me t hods ,  we  hav e  d e v e l o p e d  a  new met hod t o  mak e s uc h  c a l c u l a t i o n s .  T h i s

met hod h o l d s  a l s o  i n  t h o s e  c as es  wh e r e  t h e  s t a n d a r d  h a r mo n i c  met hod  b r e a k s  down,  i . e .

f o r  l a t t i c e  v i b r a t i o n s  w i t h  l a r g e  a mp l i t u d e s  wh i c h  o c c u r  e s p e c i a l l y  n e a r  phas e  t r a n s i t i o n s

and i n  t h e  s o - c a l l e d  p l a s t i c  phas es .  Th e  p r o p e r t i e s  c a l c u l a t e d  v i a  a b  i n i t i o  p o t e n t i a l s

are  v e r y  a c c u r a t e  i n d e e d .  T h i s  w i l l  b e  i l l u s t r a t e d  o n  v a r i o u s  mo d i fi c a t i o n s  o f  s o l i d

n i t r o g e n  a n d  ox y gen .  P a r t i c u l a r l y  s o l i d  ox y gen i s  i n t e r e s t i n g ,  bec aus e  i t  i s  a  ma g n e t i c

m a t e r i a l .  Th e  a b  i n i t i o  c a l c u l a t i o n s  h a v e  y i e l d e d  i n f o r m a t i o n  o n  t h e  s p i n - d e p e n d e n t

p o t e n t i a l  b e t we e n  t h e  t r i p l e t  0 2  mo l e c u l e s  wh i c h  a p p e a r e d ,  v i a  l a t t i c e  dy namic s  a n d

s p in -wav e  c a l c u l a t i o n s ,  t o  s o l v e  s e v e r a l  o p e n  p r o b l e ms .
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- BROKEN SYMMETRY SOLUTIONS IN THE UHF EQUATION OF POLYACETYLENE AND THEIR
PHYSICAL SIGNIFICANCES. H id e o  Fukutome, Department o f  Physics, Kyoto Univ ers ity ,
Kyoto 606, Japan.

The UHF equation i n  the PPP model o f  polyacety lene has broken symmetry s olut ions  o f
many k inds , per iod ic  and loc aliz ed ones. T h e  s imples t per iodic  broken symmetry s olut ions
are t he  dens ity  waves o f  charge, s p in ,  bond order  o r  s pin bond order  w ith  the per iod o f  two.
The s imples t loc aliz ed broken symmetry s olut ions  ar e s olitons  and polarons . W e  show the
structures o f  these s olut ions  and how they  are affec ted and s tab i l iz ed by  the electron—
elec tron Coulomb in ter ac t ion .  W e  discuss the r elat ions hips  o f  the loc aliz ed s o l i t on  and
polaron s olut ions  t o  the per iodic  dens ity  wave s olut ions .  W e  mention a ls o about more
complicated broken symmetry s olut ions  such as  s o l i t on  arrays and breathers . W e  discuss how
the c har ac ter is t ic  features  o f  these broken symmetry s olut ions , which are produced by  the
Coulomb in ter ac t ion,  a f f e c t  phys ical proper t ies  o f  polyacety lene. W e  show t ha t  the Coulomb
interac t ion has ser ious  ef fec ts  on phys ical proper t ies  o f  polyacety lene such as  the bond
alternat ion,  band gap, ESR, 1 4

C — N M R ,  C l s —
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—  *Department o f  Chemical Phys ics , The Weizmann I n s t i t u t e  o f  Science, Rehovot, 76100 ISREAL
tDepartment o f  Chemistry, Univ er s ity  o f  Toronto, Toronto, Ontar io M55 1A1 CANADA.

A method o f  c on t r o l l ing  branching unimolecular  reac t ions , us ing the coherence o f
lasers i s  presented. I t  i s  shown t h a t  pre-selec ted chemical produc ts  may be obtained,
in preference t o  others ,  by  u t i l i z i n g  the inter ferenc e between na tur a l ly  occur ing processes,
v ia the  dis s oc iat ion o f  a superpos it ion s tate.  C o n t r o l  i s  at ta ined by  manipulating the
r e lat iv e in tens i t ies  and phases o f  two coherent beams. Enhanced y ie lds  o f  chemical produc ts
of in te r es t  are shown t o  r es u l t .  T heor e t ic a l  l i m i t s  o f  coherent c ont r o l,  i n  d i r ec t  and
resonant processes ar e der ived. Computatuinal r es u lt s  on the I * / I  branching r a t ios  i n
the photodis s oc iat ion o f  F I and CH3I, inc lud ing the ef fec ts  o f  quantum s tate o f  a given
reaction produc t, r es u l t ing  i n  populat ion inv ers ion w it h  respec t t o  a l l  h igher  energetic
lev els , i s  shown t o  be a t ta inab le .  Pr opos als  o f  poss ible experiments designed t o  demon-
s trate coherent c ontrol a r e  ou t l ined.
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.de Photophysique Moleculaire du CNRS, Bat .  213 Univ ers ite de Par is  91405 Orsay -  FRANCE

The photochemistry o f  ozone i s  a  f a s t ly  growing area o f  the physics o f  the upper
atmosphere. F o r  a complete theor et ic a l des c r ipt ion prec ise informations  concerning the
various po ten t ia l sur faces  which are inv olv ed as we ll as  dynamical methods which r e lates
them t o  observed v ibr a t iona l- r o ta t iona l lev e ls  and cross sec tions  are needed. T h i s  work

is  concerned by  the c alc ulat ion o f  IR frequenc ies  o f  the ground X 1

A1 1

B
The c lose-coupled equations o f  molecular  s c at ter ing theory  formulated i n  a  body fi x ed

reference frame are worked out  f o r  the ev aluat ion o f  v ibr at ional energy lev e ls  o f  the ground
state w ith  zero t o t a l  angular  momentum. A  judic ious  choice f o r  a loc a l bas is  optimizes  the
number o f  equations and the Fox-Goodwin propagator  assoc iated w ith  an i t e r a t iv e  matching
procedure i s  used achiev ing an accuracy o f  a few wavelengths i n  an energy range o f  2 0 0 0
c m .  T h i s  method prov ides no t  only  an e f fi c ie n t  a l t e r na t iv e  t o  v ar ia t ional and s o-c alled
spectral methods bu t  i t s  generalis at ion t o  the  c a lc u lat ion o f  resonances occur ing i n
dissoc iation processes i s  pos s ible.

Dissoc iative spectroscopy deals  w ith  the  absorption and fluorescence cross s ec tions .
Due t o  the symmetry o f  ozone the coupled equations formulat ion can not  be reduced t o  but

one fragmentation channel ( c ompet it ion between 0

1  0 + 0
Condon analys is  prov ides  a  much more eas ier  way f o r  thb s o lu t ion.  I n  the v i c in i t y  o f  the

equilibr ium geometry o f  0

3
modes w ith  appropr iate harmonic os c i l la to r s .  T h e  ex c ited s tate presents a  saddle po in t  a t
the v er t ic a l o f  the minimum o f  the ground s tate and may loc a l ly  be descr ibed i n  terms o f
reaction coordinates  as  a  sum o f  two harmonic os c i l la to r s  and a parabolic  bar r ie r .  W i t h i n
this  model complete analy t ic a l expressions f o r  the l i n e  shape and f o r  the fluorescene
spectrum are der ived. T h e  r es ults  f o r  the l i n e  shape o f  the Har t ley  band and i t s  temperature
dependance and c ons t itute f a i r l y  good reproduc tion o f  experimental data.  Conc erning the
fluorescence spectrum, even i f  the model c a lc u lat ions  do not  always completely  agree w ith
the observed spectrum, t he  main features  o f  i t  are explained.



F l
RE LATIV IS TIC AND QUANTUM ELECTRODYNAMIC EFFECTS I N  TWO-

ELECTRON ATOMS AND I O N S  -  COMPARISON O F  THEORY AND EXPERIMENT.  G .  W .  F .

Dra k e ,  D e p a r t m e n t  o f  P h y s i c s ,  U n i v e r s i t y  o f  W i n d s o r ,  W i n d s o r ,  O n t .  N 9 B
3P4.

T w o -e l e c t r o n  a to m s  a n d  i o n s  p r o v i d e  t h e  s i m p l e s t  n o n - t r i v i a l  t e s t i n g
ground f o r  o u r  u n d e r s t a n d i n g  o f  t h e  b a s i c  i n t e r a c t i o n s  w h i c h  e n t e r  i n t o

more  c o m p l e x  a t o m i c  a n d  m o l e c u l a r  s y s t e m s .  R e c e n t  h i g h  p r e c i s i o n
measurements  o f  t r a n s i t i o n  e n e r g i e s  i n  h e l i u m  a n d  h e l i u m - l i k e  i o n s  a r e

s e n s i t i v e  n o t  o n l y  t o  r e l a t i v i s t i c  c o r r e c t i o n s ,  b u t  a l s o  t o  o n e -  a n d  t w o -
e l e c t r o n  q u a n tu m  e l e c t r o d y n a m i c  (Q E D )  e f f e c t s  a n a l a g o u s  t o  t h e  Lamb s h i f t

i n  h y d r o g e n .  T h e  a i m s  o f  t h e  p a p e r  a r e  t o  p r e s e n t  a  s umma ry  o f  t h e  t y p e s
o f  e f f e c t s  w h i c h  m us t b e  c o n s i d e r e d ,  a n d  t o  d i s c u s s  t h e o r e t i c a l  t e c h n i q u e s

f o r  c a l c u l a t i n g  t h e m .  A  d e t a i l e d  c o m p a r i s o n  w i t h  h i g h  p r e c i s i o n
measurements  w i l l  b e  ma de .



F 2
EXPERIMENTAL AND THEORETICAL DETERMINATION OF ELECTRON DENSITY.

Ernest R. Davidson, Department o f  Chemistry, Indiana Univ ers ity ,  Bloomington, Indiana,
U.S.A. 47405

Comparison w i l l  be made between c alc ulat ions  and experiment f o r  ( e , 2 0 ,  EPR, and
fi e ld  gradients .  Chemic al ins igh ts  t o  be gained from these comparisons w i l l  be emphasized.
Sources o f  er r or  i n  the  theor et ic a l values  w i l l  be  discussed.



F 3  R E C E N T  ADVANCES IN THE INTEGRAL EQUATION THEORY OF LIQUIDS AND SOLUTIONS.
G. Patey , Univ er s ity  o f  Br i t is h  Columbia, Department o f  Chemistry, 2036 Main Ma l l ,
Vancouver, B r i t i s h  Columbia CANADA V6T 1Y6

General Methods which a l low  the hypernetted-chain and Percus-Yevick in tegr a l equat ion
theor ies  t o  be solved f o r  fl u ids  o f  non-sper ical pa r t ic les  w i l l  be discussed. T hes e
methods can be r ead i ly  applied t o  both "hard" and " s o f t  par t ic les  o f  ar b it r ar y  shape.
Numerical r es u l t s  which i l l u s t r a t e  the range o f  applic at ion o f  these theor ies  w i l l  be
given, inc lud ing c alc ulat ions  f o r  water , aqueous e lec t r o ly tes  and s imple model l i q u i d
c rys tals .



P g  M O L E C U L A R  CONFIGURATIONS AND CONFORMATIONS IN SOLUTION, B . M .  P e t t i t t ,
Department o f  Chemistry, Univ er s ity  o f  Houston-Univers ity  Park , Houston TEXAS 77004 U.S.A.

Recently developed in tegr a l equation methods f o r  the ev aluat ion o f  intermolec ular  and
intramolecular  inter ac t ions  i n  po lar  s olv ent media can now be solved f o r  a wide range o f
applic at ions . Examples  inc lude the s olv ent modifi c at ion o f  in t e r ion ic  in ter ac t ions
between atomic  o r  molecular  ions  i n  water  and the l i q u i d  environment induced s h i f t s  i n
conformational e q u i l i b r i a  f o r  both polar  and non po la r  fl e x ib le  molecules i n  water . B y
using s imple atom centered in ter ac t ion s i t e  potent ia ls  many features  o f  s olv at ion phenomena
can be traced s pec ifi c a l ly  t o  the molec ular ity  o f  the s olv ent and hence cannot be adequately
reproduced by  s imple continuum d ie lec t r ic  s olv ent representations .
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Nonlinear Tra n sp o rt  Processes and F l u i d  Dynamics: E f f e c t s  o f

Thermoviscous Coup ling  and No n lin e a r Tra n sp o rt  Co e f fic ie n t s  o n
Plane Couette  Flo w o f  Lennard-Jones F lu id s ,  D.K.BHATTACHARYA

and BYUNG CHAN EU, Mc G i l l  Un iv e rs i t y ,  Mo n t re a l ,  Canada

To examine t h e  e f f e c t s  o f  n o n l in e a r t ra n s p o r t  p rocesses on  t h e

flo w p ro p e rt ie s  o f  a  re a l  fl u i d ,  we  s tu d y t h e  p lane  Couette
flo w unde r a  tempera tu re  g ra d ie n t  i n  a  Lennard-Jones fl u i d  o v e r

a range o f  gas p re ssu re .  The a n a lys is  i s  based on  t h e  n o n l in e a r
t ra n sp o rt  c o e f fi c ie n t s  d e r ive d  i n  t h e  mo d ifie d  moment method.
The l i n e a r  t ra n sp o rt  c o e f fi c ie n t s  a p p e a rin g  i n  t h e  t h e o ry  a re

those co n st ru cte d  b y Ash u rst  and Hoover f ro m th e  n o n e q u i l ib riu m

molecu la r dynamic s imu la t io n s ,  w h i l e  f o r  t h e  equa t ion  o f  s t a t e
f o r  t h e  Lennard-Jones fl u i d  we  use  t h e  e mp i r i c a l  f o rm proposed

by Ree. Examples f o r  t h e  fl o w  c h a ra c t e r i s t i c s  a t  two  extreme
co n d it io n s when e i t h e r  t h e  gas i s  v e ry  d i l u t e ,  o r  when i t  i s

ve ry dense, a re  p resen ted .  I t  i s  shown t h a t  t h e  tempera tu re  and
v e lo c i t y  p r o fi l e s  f o r  n o n l in e a r t ra n s p o r t  p rocesses a re  s i g n i f -

i c a n t l y  d i f f e re n t  f ro m th e  ones ob ta ined  w i t h  t h e  l i n e a r
t ra n sp o rt  c o e f fi c ie n t s .  I n  t h e  d i l u t e  gas l i m i t ,  s l i p  boundary
co n d it io n s a re  used wh ich  a re  d e rive d  b y a p p ly in g  t h e  Langmuir

theory o f  g a s-su rfa ce  i n t e ra c t i o n .  F lo w p r o fi l e s  show pronoun-

ced boundary l a y e r  s t ru c t u re s  n e a r t h e  w a l l  when t h e  p ro d u ct  o f
the Knudsen number and t h e  Mach number i s  s u f fi c i e n t l y  l a r g e .



A Z  N O I S E - I N D U C E D  TRANSITIONS I N  MODEL CHEMICAL SYSTEMS. E d wa rd  A .  C e l a r i e r

and Raymond K a p ra l,  Chemica l Ph ysics Theory Group, Department o f  Ch e mist ry,  U n i v e r s i t y  o f
Toronto, To ro n to ,  O n t a r io  M5S 1A1, Canada.

Non linea r,  d i s s i p a t i v e  dynamica l systems p ro v id e  models f o r  re a c t in g  ch e mica l systems

f a r  f ro m thermodynamic e q u i l i b r i u m,  a s  w e l l  a s  f o r  a  wid e  v a r i e t y  o f  phenomena i n  l a s e r

p h ysics,  p o p u la t io n  b io lo g y ,  c a rd io lo g y ,  b i o l o g i c a l  re g u la t io n ,  e t c .  T h e s e  systems d i s p la y
a wid e  v a r i e t y  o f  e x o t i c  dynamica l b e h a vio rs (p e r io d -d o u b l in g ,  chaos,  e t c . )  O f  co u rse ,

n a tu ra l systems a re  o f t e n  su b je c t  t o  a p p re cia b le  co u p l in g  t o  a  " n o isy "  environmen t .  T h e
a d d it io n  o f  n o ise  t o  t h e  d e t e rmin i s t i c  equa t ions o f  mo t io n  can  a l t e r  o r  d e s t ro y  some o f  t h e se
dynamical s t a t e s ,  o r  even c a l l  new s t a t e s  i n t o  e x is t e n ce .

We d iscu ss a  number o f  n o ise -in d u ce d  t r a n s i t i o n  phenomena found i n  numerica l s imu la t io n s

based on  p h ys ica l  systems.  I n  p a r t i c u l a r ,  we  e xp lo re  n o ise -in d u ce d  swi t ch in g  between

b is t a b le  s t a t e s  o f  a  model " ch e mica l"  o s c i l l a t o r ,  a nd  i d e n t i f y  t h e  mechanism whereby i t
occurs.  W e  a lso  compare t h e  e f f e c t ive n e ss  o f  d i f f e r e n t  n o ise  s t a t i s t i c s  i n  p romo t ing  t h e
swit ch in g .

We a p p ly  t h e  same a n a lys is  t o  no ise -induced  swi t ch in g  i n  a  model o f  an  o p t i c a l  b i s t a b le

device ,  and d iscu ss t h e  co n n e ct io n  between n o isy  co n t in u o u s-t ime  flo ws  a n d  n o isy  d i s c re t e -

t ime  mappings. T h e  s t ru c t u re  o f  t h e  boundaries between dynamica l b a sin s o f  a t t r a c t i o n  i s  a n
importan t  de te rminan t  o f  t h e  syste m's  response t o  e x t e rn a l  fl u c t u a t i o n s .



A

3
LINEAR AND BRANCHED POLYMERS I N  CONFINED GEOMETRIES. M e r k - N a  Chee,

Depar t ment  o f  Ch e mi s t r y ,  U n i v e r s i t y  o f  To r o n t o ,  To r o n t o ,  O n t a r i o ,  Canada M5S 1A1 .

The b e h a v i o r s  o f  c o n fi n e d  l i n e a r  a n d  u n i f o r m  s t a r  p o l y me r s ,  mo d e l l e d  b y

s e l f - a v o i d i n g  wa l k s  o n  t h e  s q u a r e  a n d  c u b i c  l a t t i c e s  a r e  c ompared a n d  c o n t r a s t e d .

Fo r  t h e  2 - d i me n s i o n a l  s q u a r e  l a t t i c e ,  t h e  g r o wt h  c o n s t a n t  o f  a  u n i f o r m  s t a r  p o l y me r

c o n fi n e d  b e t we e n  t wo  l i n e s  i s  f o u n d ,  f r o m  e x a c t  e n u me r a t i o n s ,  t o  b e  s m a l l e r  t h a n  t h a t

f o r  t h e  c o r r e s p o n d i n g  l i n e a r  p o l y me r .  I n  a d d i t i o n ,  we  a r e  a b l e  t o  d e t e r mi n e

e x a c t l y  t h e  g r o wt h  c o n s t a n t  o f  a  3 - a r m s t a r  p o l y me r  c o n fi n e d  b e t we e n  t wo  l i n e s

u n i t  d i s t a n c e  a p a r t .  F o r  t h e  3 - d i me n s i o n a l  c u b i c  l a t t i c e ,  t h e  g r o wt h  c o n s t a n t  o f

t he  p o l y me r  c o n fi n e d  b e t we e n  t wo  p a r a l l e l  p l a n e s  i s  p r o v e n  t o  b e  i n d e p e n d e n t  o f  i t s

f u n c t i o n a l i t y .



CLOSE-COUPLING CALCULATIONS OF COLLISIONS OF NO(gli) WITH A Ag ( I I I )
SURFACE. G .  C. Corey, J .  E.  Smedley, and M. H. Alexander, Department o f

Chemistry, Univ er s ity  o f  Maryland, College Park , Maryland 20742.

Quantum c alc ulat ions  o f  ine las t ic  t r ans i t ion  p r obab i l i t ies  i n  c o l l is ions  o f  NO ( X

2with a Ag ( I I I )  sur face w i l l  be discussed. T h e  s i l v e r  surface i s  assumed t o  be fl a t  and
r ig id ;  d i f f r a c t io n  and phonon ef fec ts  are neglec ted. T h e  open-shell charac ter  o f  the NO
molecule i s  e x p l i c i t l y  described i n  an intermediate Hundss c oupling case. T h i s  allows  us
to examine the fi ne- s t r uc tur e and A-doublet ef fec ts  i n  the  s c at ter ing process. T h e  average
of  the relev ant A' and A" NO-Ag potent ia ls  was descr ibed by  a modifi c at ion o f  a rec ent
potential sur face due t o  T u l ly .  A  chemical model f o r  the dif ferenc e potent ia l was developed.
The r es ults  o f  exact c lose-coupling c alc ulat ions  are compared w ith  t r ans i t ion  p r obab i l i t ies
predicted w ith in  the  coordinate- representation sudden approx imation as  well as  w ith  prev ious
experimental s tudies .



DYNAMICAL THEORY OF STATISTICAL utmorzcin.AR DECAY. i tands11  S .  Dumont and

Paul B ru me r

l 
S t a t i s t i c a l  u n imo le cu la r decay i s  f o rma l l y  d e rive d  th rough  e x p l i c i t  use  o f  mo le cu la r

dynamics assumptions based upon e rg o d ic t h e o ry .  B o t h  s t a t i s t i c a l  l i f e t i m e  and p ro d u ct
d i s t r i b u t i o n s  a re  conside red  and e f f e c t s  due t o  d i r e c t  d is s o c ia t io n ,  re la x a t i o n  o f  t h e
i n i t i a l  d i s t r i b u t i o n  and s i m i l a r  h e u r i s t i c  n o t io n s  a re  r i g o ro u s l y  in c lu d e d .  T h e  r e s u l t

i s  a  new model wh ich  shows e xp o n e n t ia l decay w i t h  a  ra t e  wh ich  depends upon b o th  phase
space vo lumes and re la x a t io n  t i m e ' t .  T h e  decay ra t e  p re d ic t e d  b y  t h i s  new model i s  g e n -
e r a l l y , l a r g e r  th a n  t h e  RRKM va lu e ,  k  ,  approach ing  i t  o n ly  i n  t h e  l i m i t  o f  ra p id  re la x a t io n

C r « 1 4

- 1model' a re  a ls o  g ive n .  Fu r t h e rmo re ,  s t a t i s t i c a l i t y  o f  any p ro d u ct  d i s t r i b u t i o n 1 T ( j )  i s
shown t o  re q u i re  t h a t  t h e  mean gap t ime s a sso cia te d  w i t h  p ro d u cts j  must be  e q u a l f o r  a l l

j .  T h i s  re q u ire me n t  i s  a l s o  shown, f o r  t h e  case  o f  mu l t i p le  ch e mica l p ro d u ct  channe ls,  t o  be
i m p l i c i t  i n  t h e  t r a d i t i o n a l  ra t e  e q u a t io n  approach t o  u n imo le cu la r d isso c ia t io n .



)16 I N T E R A C T I O N S  BETWEEN BENDING VIBRATIONS AND MOLECULAR ROTATIONS: A  MODEL
STUDY. G r egor y  S. Ez ra, Department o f  Chemistry, Cornell Univ er s ity ,  I thac a,  New York 14853
U.S.A

The c las s ic al mechanics o f  the in ter ac t ion between bending v ib r a t ion  and three-dimens ion-
al molec ular  r o ta t ion  i s  s tudied f o r  a s imple r i g i d  bender model o f  a nonlinear  t r ia tomic .
In t h i s  model, c oupling between r o ta t ion  and v ib r a t ion  occurs on ly  through the dependence o f
moments o f  in e r t ia  on the bending angle. U s e  o f  the one-dimensional repres entation o f  r o t a t -
ional motion due t o  Augus tin and M i l l e r  enables surfaces o f  sec tion t o  be constructed f o r  the
f u l l y  coupled system. T h e  r o ta t ion- v ibr a t ion phase space i s  explored as a  func t ion o f  energy
and angular  momentum. Near -s eparable quas iper iodic ,  resonant and c haotic  motions ar e iden t -
ifi ed ,  and can be r e lated t o  c har ac ter is t ic  patterns  o f  r o ta t ion- v ibr a t ion energy fl ow.  L o n g -
time c or relat ions  ar e found i n  the dynamics o f  apparently  c haotic  t r a jec to r ies ,  and are poss-
ib ly  associated w ith the  ex is tence o f  bottlenecks i n  phase space.

Supported by  NSF Grant CHE-8410865
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MASTER EQUATION AND THE RELAXATION OF THE MOMENTS. G .  G id io t is  and W.
Forst, Department o f  Chemistry and CRAM, Laval Univ er s ity ,  Quebec Canada

We address i n  general terms the problem o f  energy t r ans fer  i n  weak -c ollis ion thermal s y s -
tems. T h e  master equation desc r ibing the temporal ev o lu t ion o f  a gaseous system i n  contac t
with a  heat bath i s  transformed in t o  a system o f  l inea r ,  c ons tant- c oeffi c ient fi r s t - o r de r
d i f f e r en t ia l  equations  o f  moments o f  the populat ion d is t r ibu t ion .  T h e  r elax at ion o f  the mo-
ments i s  examined i n  some de ta i l  and i s  shown t o  depend on the proper ties  o f  a c har ac ter is t ic
matr ix  i n  both the dis c rete and continuous cases. I n  general,  t he  r elax at ion i s  non-exponen-
t i a l ,  b u t  f o r  any t r ans it ion  p r obab i l i t y  func t ion there ex is ts  a  c ondit ion which i s  s u f fi -
c ient ,  bu t  not  necessary, f o r  the r elax at ion t o  be ex ponential.  We  als o show t ha t  f o r  any
t r ans it ion p r obab i l i t y  func t ion w ith  dis c rete eigenvalues there are qu i t e  generally  always N
linear  combinations o f  the moments which w i l l  a l l  r e lax  ex ponent ially .



D i s c r e t e  M o d e l s  o f  G r o w t h  a n d  D y n a m i c a l  P e r c o l a t i o n  i n  C h e m i s t r y

b y S i mo n  J .  F r a s e r

De p a r t me n t  o f  C h e m i s t r y  a n d  S c a r b o r o u g h  C o l l e g e

U n i v e r s i t y  o f  T o r o n t o ,  T o r o n t o ,  O n t a r i o  M5S 1 A 1

AS

A b s t r a c t

S p a c e - t i m e  l a t t i c e  ( c e l l u l a r  a u t o m a t o n )  m o d e l s  o f  p a t t e r n

f o r m a t i o n  a n d  g r o w t h  a r e  d e s c r i b e d .  S u i t a b l e  l o c a l  r u l e s  f o r

a u t o ma t o n  e v o l u t i o n  r e p r e s e n t  t h e  s p r e a d i n g  o f  w a v e f r o n t s  o f

a c t i v i t y  i n  a n  e x c i t a b l e  me d iu m.  A  ra n d o m d i s t r i b u t i o n  o f  s e e d s

p ro d u c e s  e x p a n d i n g  r i n g s  w h i c h  f u s e  a n d  a n n i h i l a t e .  T h e  s e e d i n g

d e n s i t y ,  p

A
re d u c e d  d y n a m i c s  i n  a r b i t r a r y  d i m e n s i o n  d .  F o r  d = 2 ,  i n  t h i s

( c o n t i n u u m )  p i c t u r e ,  t h e  r i n g s  f u s e  g l o b a l l y  ( p e r c o l a t e )  a t  a

c r i t i c a l  i n s t a n t ,  t

e  =  . 4 5 .  
d y n a m i c a l  p e r c o l a t i o n  i s  e x a m i n e d  i n  t h e  P

A  X  t  p l a n e .  
o f  t h e s e  s p a n n i n g  s t a t e s  i s  f o u n d .  O n  t h e  " e x p l o s i o n "  b o u n d a r y

o f  t h i s  s w a t h  t h e  p e r c o l a t i o n  c l u s t e r  j u s t  f o r m s ;  o n  t h e  " i m p l o s i o n "

b o u n d a ry  i t  b r e a k s  u p .  U s i n g  a  s m a l l - s a m p l e  me t h o d  t h e  f r a c t a l

d ime n s io n  o f  t h e  c r i t i c a l  c l u s t e r  i s  e s t i m a t e d t o  b e  1 . 9  ( ± . 0 1 ) .

The  s t r u c t u r e  o f  t h e  c r i t i c a l  c l u s t e r  i s

.
A l s o  p e r c o l a t i o n  f o r  c o n t i n u o u s l y  e m i t t i n g  s e e d s ,  w h i c h  p r o d u c e

" d i s c s "  o f  a c t i v i t y ,  i s  r e l a t e d  t o  r i n g  e v o l u t i o n .



A9
FLUORESCENCE:  A  PROBE FO R I NTRAMOLECULAR DYNAMI CS?

Da n ie l  G ru n e r  a n d  P a u l  B ru me r,  Ch e mica l  P h y s i c s  T h e o ry  Gro u p ,  De p a rt me n t  o f

'Chemist ry,  U n i v e r s i t y  o f  To ro n t o ,  To ro n t o ,  O n t a r i o  M5S 1A1, Canada.

The c o n t r o v e r s i a l  q u e s t i o n  o f  e x a c t l y  wh a t  c a n  o n e  l e a r n  a b o u t  t h e
d yn a mics o f  a n  i s o l a t e d  mo le cu le  f r o m  i t s  fl u o re s c e n c e  e m i s s i o n  i s  e xa min e d .
We h a v e  ma d e  a  co mp a r iso n  o f  t h e  t i m e  e v o l u t i o n  a n d  fl u o re s c e n c e

c h a r a c t e r i s t i c s  o f  t w o  s i m i l a r l y  e x c i t e d  sys t e ms ,  i n  t h e  s m a l l  mo le cu le  l i m i t ,

wh ich  h a v e  w e l l  d e fi n e d  c l a s s i c a l  d y n a mic a l  b e h a v io u r :  o n e  r e g u l a r
(q u a s ip e r io d ic )  a n d  t h e  o t h e r  e rg o d i c  a n d  mix in g .  T h e  q u a n tu m d yn a mics  o f

th e se  s y s t e ms  w e re  f o u n d  t o  b e  re ma rk a b l y  s i m i l a r .  F l u o r e s c e n c e  s t u d i e s  a l s o
f a i l  t o  s h o w  a n y  b e h a v io u r  w h i c h  d i s c r i m i n a t e s  b e t we e n  t h e  t w o  sys t e ms ,  wh o se

wa ve f u n c t io n s  d i f f e r  s i g n i fi c a n t l y .  O u r  r e s u l t s  s u g g e s t  t h e  i n a b i l i t y  t o
e x p e r ime n t a l l y  i d e n t i f y  " q u a n tu m ch a o s"  i n  p u r e  s t a t e  q u a n tu m d yn a mics ,  a s  we
we re  u n a b le  t o  d e t e c t  a n y  o b s e rv a b le  p r o p e r t y  wh i c h  wo u ld  c h a r a c t e r i z e  s u c h

b e h a v io u r  i n  o n e  o f  t h e  mo s t  l i k e l y  s y s t e ms  t o  d i s p l a y  i t  -  t h e  s t a d iu m
b i l l i a r d .



AJO

POTENTIAL E N E R G Y  DETERMI NATI ON B Y  INVERSE PERTURBATI ON A N A L Y S I S  W I T H

LOCAL CO RRE CTI O N FUNCTI O NS .  I .  P .  H a m i l t o n  and  J .  C .  L i g h t ,  T h e  James

Franc k  I n s t i t u t e  a n d  Th e  Depar t men t  o f  Ch e mi s t r y ,  T h e  U n i v e r s i t y  o f  C h i c a g o ,

Chic ago,  I l l i n o i s  60637

I nv ers e  fi r s t  o r d e r  p e r t u r b a t i o n  a n a l y s i s  i s  u s e d  t o  i t e r a t i v e l y  c o r r e c t

a p o t e n t i a l  e n e r g y  s u r f a c e ;  w i t h  l o c a l  G a u s s i a n  c o r r e c t i o n  f u n c t i o n s  t h e

a n a l y s i s  i s  s hown t o  b e  a c c u r a t e ,  fl e x i b l e ,  a n d  r a p i d l y  c o n v e r g e n t  f o r  b o t h

one a n d  t w o  d i m e n s i o n a l  e x a m p l e s .  T h e  a n a l y s i s  i s  emp loy ed  t o  o b t a i n  a n

improv ed t wo  d i me n s i o n a l  p o t e n t i a l  e n e r g y  s u r f a c e  f o r  t h e  t w i s t - p u c k e r  m o t i o n

i n  c y c l open t ene .



All
MODE S P E C I F I C I T Y  I N  T H E M ODEL UNIM OLECULAR R EAC T ION

H- C- C  4  H  +  C C .  W .  L .  H a s e  a n d  K .  N .  S w am y ,  D e p a r t m e n t  o f  C h e m i s t r y ,  W a y n e

S t a t e  U n i v e r s i t y ,  D e t r o i t ,  M i c h i g a n  4 8 2 0 2 ;  B .  C .  G a r r e t t ,  C h e m i c a l  D y n a m i c s

C o r p o r a t i o n ,  C o l u m b u s ,  O h i o  4 3 2 2 0 ;  C .  W .  M c C u r d y ,  D e p a r t m e n t  o f  C h e m i s t r y ,

O h i o  S t a t e  U n i v e r s i t y ,  C o l u m b u s ,  O h i o  4 3 2 1 0 ;  J .  F .  M c N u t t ,  S h e l l  D e v e l o p m e n t

C om pany ,  H o u s t o n ,  T e x a s  7 7 0 5 7  U . S . A .

S e m i c l a s s i c a l  a n d  q u a n t u m  m e c h a n i c a l  s t u d i e s  o f  b o u n d  a n d  r e s o n a n c e

s t a t e s  f o r  a  m o d e l  H - C - C  4  H  +  C C  H a m i l t o n i a n  a r e  c o m p a r e d .  E x c e l l e n t

a g r e e m e n t  i s  f o u n d  b e t w e e n  t h e  s e m i c l a s s i c a l  a n d  q u a n t u m  m e c h a n i c a l  b o u n d

s t a t e  e i g e n v a l u e s  a n d  r e s o n a n c e  p o s i t i o n s .  T h e  c l o s e - c o u p l i n g  a n d

s t a b i l i z a t i o n  g r a p h  w i t h  a n a l y t i c  c o n t i n u a t i o n  m e t h o d o l o g i e s  a r e  u s e d  f o r  t h e

q u a n t u m  c a l c u l a t i o n s ,  a n d  t h e y  g i v e  r e s o n a n c e  p o s i t i o n s  a n d  w i d t h s  w h i c h  a r e

i n  g o o d  a g r e e m e n t .  R e s o n a n c e  l i f e t i m e s  v a r y  b y  fi v e  o r d e r s  o f  m a g n i t u d e

w i t h i n  a  1  k c a l / m o l  e n e r g y  i n t e r v a l .  A  c o r r e s p o n d e n c e  b e t w e e n

q u a s i p e r i o d i c / c h a o t i c  c l a s s i c a l  m o t i o n  a n d  r e g u l a r / i r r e g u l a r  q u a n t u m  s t a t e s

i s  f o u n d  f o r  b o t h  b o u n d  a n d  r e s o n a n c e  s t a t e s .



A  12 T H E  S E N S I T I V I T Y  O F  I V R  I N  BEN ZEN E T O  POT EN T IAL ENERGY

SURFACE PR OPER T IES.  W i l l i a m  L .  H a s e  a n d  D a - h o n g  L u ,  D e p a r t m e n t  o f  C h e m i s t r y ,

W ayne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  M i c h i g a n  4 8 2 0 2 ;  R a l p h  J .  W o l f ,  D e p a r t m e n t  o f

C h e m i s t r y ,  U n i v e r s i t y  o f  A r k a n s a s  a t  L i t t l e  R o c k ,  L i t t l e  R o c k ,  A r k a n s a s  7 2 2 0 4

U . S . A .

Q u a s i c l a s s i c a l  t r a j e c t o r y  c a l c u l a t i o n s  h a v e  b e e n  p e r f o r m e d  t o  s t u d y

i n t r a m o l e c u l a r  v i b r a t i o n a l  e n e r g y  r e d i s t r i b u t i o n  ( I V R )  f r o m  C H  o v e r t o n e  s t a t e s

i n  b e n z e n e .  T h e  r a t e  a n d  e x t e n t  o f  t h i s  r e d i s t r i b u t i o n  i s  s e n s i t i v e  t o

d e t a i l s  o f  t h e  p o t e n t i a l  e n e r g y  s u r f a c e .  A  p a r t i c u l a r l y  i m p o r t a n t  p o t e n t i a l

e n e r g y  s u r f a c e  p r o p e r t y  i s  a t t e n u a t i o n  o f  t h e  HCC b e n d i n g  f o r c e  u p o n  C H

s t r e t c h  e x c i t a t i o n .  T h i s  p r o p e r t y  g i v e s  r i s e  t o  n o n - i r r e v e r s i b l e  I V R  w h e n  t h e

CH s t r e t c h  i s  h i g h l y  e x c i t e d .  A n  a n a l o g u e  t o  q u a n t u m  b e a t s  i s  o b s e r v e d  i n

p h a s e  a v e r a g e d  q u a s i c l a s s i c a l  t r a j e c t o r i e s .



A  1 3  R E A C T I O N  PAT H  AN D  VAR I AT I O N AL T R AN SIT ION  ST AT E THEORY R AT E

CONSTANT F OR  L i  + +  ( C H 3 ) 2 0  4  L i

S a n d r a  L .  M o n d r o ,  a n d  W i l l i a m  L .  H a s e ,  D e p a r t m e n t  o f  C h e m i s t r y ,  W a y n e  S t a t e

U n i v e r s i t y ,  D e t r o i t ,  M i c h i g a n ,  4 8 2 0 2  U . S . A .

C a n o n i c a l  v a r i a t i o n a l  t r a n s i t i o n  s t a t e  t h e o r y  r a t e  c o n s t a n t s  a r e

c a l c u l a t e d  f o r  t h e  L i

t h e  v a r i a t i o n a l  t r a n s i t i o n  s t a t e  t h e o r y  r a t e  c o n s t a n t ,  t h e  r e a c t i o n  p a t h  a n d

f r e q u e n c i e s  o r t h o g o n a l  t o  t h e  r e a c t i o n  p a t h  a r e  r e q u i r e d .  T h e  t e m p e r a t u r e

d e p e n d e n t  t r a n s i t i o n  s t a t e s  a r e  d e t e r m i n e d  b y  fi n d i n g  t h e  m ax i m a  i n  t h e  f r e e

e n e r g y  a l o n g  t h e  r e a c t i o n  p a t h .  O n l y  o n e  m ax i m um  i s  f o u n d  a t  e a c h

t e m p e r a t u r e .  T h e  L i

r o t o r s ,  a s  h a r m o n i c  o s c i l l a t o r s  a n d  a s  a  t w o - d i m e n s i o n a l  h i n d e r e d  r o t o r .  T h e

l a t t e r  t w o  t r e a t m e n t s  r e s u l t  i n  t h e  s a m e  v a l u e s  f o r  t h e  f r e e  e n e r g y ,  w h i l e  t h e

f r e e  r o t o r  t r e a t m e n t  r e s u l t s  i n  a  l o w e r  v a l u e  o f  t h e  f r e e  e n e r g y .
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Three-Dimensional Quantum Mechanical Reac tion Coordinates: I n fi n i t e  Mass
Wit r io l and G.H. Her l ing ,  Louis iana Tech Univ ers ity ,  Ruston, LA

71272,USA, and Naval Research Laboratory , Washington, DC 20375-bUOU USA

The r igorous , c o l l inea r ,  canonical p o in t  trans formation method' i s
extended t o  three dimensions i n  the i n fi n i t e  c ent r a l mass l i m i t .  W i t h  b as
the c entral atom i n  the ABC system, t he  fi r s t  trans formation performed i s
(xA, yA, zA, XB, yB, zB)  ( r ,  R, 8 ,  (P, ip, T ) ,  where r  and R
are the AB and BC interatomic  dis tances , the  Euler  angles  are ( 6 ,  4), 4

jand T i s  the angle between rAB and l '

.performed i s  ( r ,  R, e ,  4 ,  4 ,  T )  , n  , e  , 4  , 4  ,T  ) ,  where E i s  the
reaction coordinate which mimics the reac t ion path and fl i s  the v ibr at ional

coordinate o f  tne system. T h e  ef fec t iv e metr ic  tensor  g i j  and the
coordinate dependent potent ia l W have been c alc ulated w ith  the use o f  the
symbolic algebraic  manipulation code SMP, and the Hamiltonian o f  the system
has been obtained i n  the transformed reac tion coordinate space. T h i s
transformed space i s  a one-one mapping from the o r ig ina l space, and
therefore does not  have any three-one regions . T h e  transformed Hamiltonian
is  Hermitian, and the method i s  ready f o r  numerical implementation.

1. N . M .  W i t r i o l ,  J .  D.  S t e t t l e r ,  M.A.Ratner, J .R. Sabin and S. B.  T r ic k ey ,
J. Chem. Phys. bo,  1141 (1977)
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Approximation f o r  Semiclassical Dynamics

Michael F .  Herman, Department o f  Chemistry and The Quantum Theory Group

Tulane Univ e rs i ty ,  New Orleans, LA 7 0 1 1 8

The time  reversa l  and u n i ta r i ty  prope rtie s  o f  the  froze n gaussian approxi—

mation (FGA) a r e  considered. T h e  FGA i s  a  semic lass ica l  approximation f o r

time—dependent wavepacket dynamics. I t  approximates the  e v olution o f  a  quantum

wuvefunction by  expanding i t  i n  gaussian func tions  a nd propagating each gaus—

sian a long a  c la s s ic a l  tra j e c tory .  T h e  w i dth o f  the  gaussian func tions  i s  n o t

allowed t o  change a s  a  func ti on o f  t i m e .  W e  show th a t ,  f o r  a  pa r ti c ul a r  FGA

formulation, t h e  u n i ta r i ty  and ti m e  re v e rs a l  prope rtie s  o f  th e  e x a c t quantum

propagation hold.  T h e  u n i ta r i ty  property  i s  proven w i thi n the  s ta tiona ry  phase

approximation f o r  i n te gr a ti ons ,  w hi c h i s  c ons i s te nt w i t h  t h e  semic lass ica l

nature o f  t h e  FGA. T h e  t i m e  re v e rs a l  prope r ty  c a n b e  demonstrated w i thout

invoking the  s ta tiona ry  phase approximation. W e  a ls o discuss why the  u n i ta r i ty

property w i l l  not hold f o r  some othe r  common v a ria nts  o f  the  FGA.



0

4Rober t  L . P .  Wa d l i n g e r ,  De p a r t me n t  o f  Ch e mi s t r y ,  Y o r k  U n i v e r s i t y ,  4 7 0 0  K e e l e  S t r e e t ,  N o r t h

York  ( To r o n t o ) ,  O n t a r i o ,  Canada  M3J  1P3 .

E lement ary  p a r t i c l e s  ( w a v i c l e s )  a r e  c o n s i d e r e d  t o  b e  s p a c e - t i me  r o t a t i o n a l  s t a t e s  o f

t he  e l e c t r o ma g n e t i c  fi e l d  w i t h i n  a  l o c a l  d o ma i n ,  t h e  mo t i o n  b e i n g  gov e rned  b y  Ma x we l l ' s

e q u a t i o n s .  T h e  s i z e  a n d  s hape  o f  t h e  doma in  i s  d e t e r mi n e d  b y  t h e  p r i n c i p l e  t h a t  e v e n t s

w i t h i n  t h e  doma in  a r e  c a u s a l l y  r e l a t e d ;  i . e .  s e p a r a t e d  b y  t i m e - - l i k e  i n t e r v a l s .  M a x w e l l ' s

equa t i ons  h a v e  been  s o l v e d  f o r  a  w a v i c l e  mov ing  a t  t h e  s peed  o f  l i g h t .  T h e  s o l u t i o n s  a r e

e i g e n s t a t e s  o f  t h e  i n t r i n s i c  a n g u l a r  momentum ( i . e .  s p i n )  w i t h  i n t e g e r ,  o r  h a l f - i n t e g e r ,

e i g e n v a l u e s  k h/ 211

.t he  wa v e l e n g t h ,  a n d  c i r c u mf e r e n c e  k X .  T h e  s o l u t i o n s  pos s es s  h e l i c i t y ,  wh i c h  f o r  k  =  1

c o r res pond  t o  l e f t - ,  r i g h t - ,  o r  n o n - c i r c u l a r l y  p o l a r i z e d  l i g h t .

I n  quant um mec hanic s  p a r t i c l e s  a r e  r e g a r d e d  h a v i n g  b o t h  p o

st he  min imum e r r o r s  i n  p o s i t i o n  and  momentum b e i n g  r e l a t e d  b y  t h e  u n c e r t a i n t y  p r i n c i p l e .

c o n t r a s t ,  t h e  t h e o r y  p r e s e n t e d  h e r e  r e g a r d s  a n  e l e me n t a r y  p a r t i c l e  a s  e l e c t r o ma g n e t i c

energy  c o n t a i n e d  w i t h i n  a  fi n i t e  d o ma i n .  H e n c e  i t s  p o s i t i o n  i s  e s s e n t i a l l y  u n c e r t a i n
w i t h i n  t h e  l i n e a r  s i z e  o f  t h e  d o ma i n .  • T h i s  l e a d s  t o  t h e  i d e a  t h a t  t h e  min imum quant um o f

a c t i o n  a r i s e s  bec aus e t h e  p a r t i c l e  c a n n o t  c onv ey  i t s  e n e r g y  i n  l e s s  t i m e  t h a n  i t  t a k e s  t o

t r a v e r s e  t h e  l e n g t h  o f  i t s  o wn  doma i n ;  i t s  min imum a c t i o n  i s  t h e  p r o d u c t  o f  i t s  l e n g t h  a n d

i t s  momentum.  T o  emphas iz e  i t s  fi n i t e  n a t u r e  we r e f e r  t o  t h i s  k i n d  o f  p a r t i c l e  b y

E d d i n g t o n ' s  name wa v i c l e .  T h i s  fi n i t e  p h o t o n  mode l  i s  c o n s i s t e n t  w i t h  s e v e r a l  e x p e r i me n t a l

p r o p e r t i e s  o f  e l e c t r o ma g n e t i c  r a d i a t i o n .



All THE DYNAMICS OF QUANTUM-CLASSICAL CORRESPONDENCE. Sheldon Kanfer  and
Paul Brumer, Chemical Phys ics  Theory Group, Univ er s ity  o f  Toronto,
Toronto, Ontar io M5S 1A1, Canada

We have undertaken a s tudy  o f  the fac tors  which infl uenc e t he  timescale f o r  agreement o f
quantum-mechanically and c las s ic a lly  propagated dynamical v ar iables .  Beg inn ing  w ith  a
quantum mechanical s uperpos it ion s tate i n  a one-dimensional d is s oc iat iv e potent ia l w e l l
(and i t s  assoc iated phase space dens ity )  t he  quantum-classical agreement has been assessed
with respec t t o  number and dens ity  o f  lev els  i n  the packet. T h e  number o f  lev els  i n  the
packet f a r  outweighs t h e i r  dens ity  i n  c on t r o l l ing  correspondence, w ith  ever  higher  numbers
ex hibit ing bet ter  quantum-classical agreement, a l b e i t  f o r  shor ter  per iods  o f  t ime.  T h e
effec t  o f  inc reas ing lev e l dens ity  i s  ambiguous, sometimes improv ing, sometimes impair ing
the correspondence.



4 l 8  S E L F - C O N S I S T E N T  ADIABATICAL L Y  REDUCED DYNAMICS.

S te p h e n  J .  K l i p p e n s t e i n ,  G r e g o r y  A .  V o t h ,  a n d  R .  A .  M a r c u s ,  A r t h u r  A mo s N o y e s
L a b o r a t o r y  o f  C h e m i c a l  P h y s i c s ,  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y ,  P a s a d e n a ,
C a l i f o r n i a  9 1 1 2 5  U .  S .  A .

An i t e r a t i v e  p r o c e d u r e  i s  a p p l i e d  t o  t h e  a d i a b a t i c a l l y  r e d u c e d  c o u p l e d

e q u a t i o n s  d e r i v e d  b y  V o t h  a n d  M a r c u s  [ J .  Ch e m.  P h y s .  8 4 ,  2 2 5 4  ( 1 9 8 6 ) 1 .  T h e

r e s u l t  i s  a  s e l f - c o n s i s t e n t  a d i a b a t i c  p r o c e d u r e  f o r  d e t e r m i n i n g  a n  a p p r o x -
i ma t e  q u a n t u m m e c h a n i c a l  s o l u t i o n  t o  t h e  d y n a m i c s  o f  n o n s t a t i o n a r y  s t a t e s .
The e i g e n f r e q u e n c i e s  a n d  d y n a m i c s  t h u s  o b t a i n e d  a r e  s e e n  t o  b e  m o r e  a c c u r a t e .

The fi r s t  o r d e r  e q u a t i o n s  h a v e  a  s i m i l a r  f o r m  t o  t h e  z e r o t h  o r d e r  e q u a t i o n s
and a s  s u c h  r e q u i r e  c o m p a r a b l e  c o m p u t a t i o n a l  e f f o r t .



A lq  A D I A B A T I C A L L Y  REDUCED COUPLED EQUATIONS FOR INTRAMOLECULAR

DYNAMICS CALCULATIONS. G r e g p r y _  A ,  V a t h ,  A r t h u r  Amo s N o y e s  L a b o r a t o r y  o f
C h e mi c a l  P h y s i c s ,  MC 1 2 7 - 7 2 ,  C a l i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y ,  P a s a d e n a ,
C a l i f o r n i a  9 1 1 2 5  U . S . A .

The a d i a b a t i c a l l y  r e d u c e d  c o u p l e d  e q u a t i o n s  a p p r o a c h  t o  i n t r a m o l e c u l a r

d y n a mic s  c a l c u l a t i o n s  [ J .  Ch e m.  P h y s .  8 4 ,  2 2 5 4  ( 1 9 8 6 ) ]  w i l l  b e  d i s c u s s e d  a n d
some r e c e n t  a p p l i c a t i o n s  o f  t h e  me t h o d  w i l l  b e  p r e s e n t e d .  T h e s e  a p p l i c a t i o n s

i n c l u d e  a  d e s c r i p t i o n  o f  t h e  d y n a m i c s  o f  l o c a l  mo d e  s t a t e s  i n  H2O a n d  a n  a p -

p r o x i m a t e  a p p r o a c h  f o r  c a l c u l a t i n g  s t a t e - t o - s t a t e  m u l t i p h o t o n  t r a n s i t i o n
p r o b a b i l i t i e s  i n  m o l e c u l e s .



A 20  A  SPHERICAL  TENSOR APPROACH TO  THE FREE I NDUCTI O N DECAY
PROBLEM I N  NMR

Ma n g a la  S . K r i s h n a n  a n d  B . C . S a n c t u a r y ,  D e p a r t m e n t  o f

C h e m i s t r y ,  M c G i l l  U n i v e r s i t y ,  8 0 1  S h e r b r o o k e  W e s t ,  M o n t r e a l  P Q  H3 A  2 K 6

The F r e e  I n d u c t i o n  D e c a y  ( F I D )  o f  m a g n e t i s a t i o n  i n  s o l i d s
f o l l o w i n g  t h e  a p p l i c a t i o n  o f  a  r a d i o - f r e q u e n c y  p u l s e  h a s  b e e n  o f

c o n s i d e r a b l e  i n t e r e s t  f o r  a  l o n g  t i m e .  B o t h  e x p e r i m e n t a l  a n d  .

t h e o r e t i c a li n v e s t i g a t i o n s  o n  t h i s  h a v e  b e e n  m a i n l y  d u e  t o  I . J . L o w e ,  R . E . N o r b e r g
and  c o - w o r k e r s .  We  h a v e  p r o p o s e d  a n  a l t e r n a t i v e  f o r m a l i s m  b a s e d  o n

S p h e r i c a l  T e n s o r s  i r r e d u c i b l e  u n d e r  t h e  r o t a t i o n  g r o u p  S O ( 3 )

1  t h e  g r o u po f  t h e  H a m i l t o n i a n .  A  b a s i s  s e t  o f  m u l t i s p i n  I r r e d u c i b l e  T e n s o r  O p e r a t o r s

( I T O ) ,  o b t a i n e d  b y  C l e b s c h - G o r d a n  c o u p l i n g  o f  s u i t a b l y  c h o s e n  s i n g l e
s p i n _ I T O ' s  h a s  b e e n  u s e d  f o r  t h i s  p u r p o s e .  T h e  d e n s i t y  m a t r i x  i s

e xp a n d e d  i n  t e r m s  o f  t h e s e  o p e r a t o r s  a n d  t h e i r  a s s o c i a t e d  o b s e r v a b l e s ,
w h i c h  d e s c r i b e  c o r r e l a t i o n s  a mo n g  v a r i o u s  s p i n s .  A p p l i c a t i o n  o f  W i g n e r -
E c k a r t  t h e o r e m  t o  t h e  q u a n t u m  L i o u v i l l e  e q u a t i o n  t h e n  l e a d s  t o  a

h i e r a r c h y  o f  e q u a t i o n s  t h a t  d e s c r i b e s  t h e  e v o l u t i o n  o f  t h e s e  c o r r e l a t i o n s

a s d u e  t o  t h e  c o u p l i n g  a mo n g  l o w e r  a n d  h i g h e r  s p i n s .  A  t r u n c a t i o n

p r o c e d u r e  i s  b e i n g  d e v e l o p e d  t o  e x p r e s s  t h e  d e c a y  o f  m a g n e t i s a t i o n  i n

t e r m s  o f  a  r e l a t i v e l y  s m a l l  n u mb e r  o f  h i g h e r  t e n s o r  r a n k  c o r r e l a t i o n s ,

t h e r e b y  e l u c i d a t i n g  t h e  s t a t i s t i c a l  m e c h a n i c a l  a s p e c t s  o f  t h e  m a n y - b o d y

p r o b l e m  o f  d i p o l a r  i n t e r a c t i o n s  i n , a  c r y s t a l  b o t h  f o r m a l l y  a n d  e x p l i c i t l y .



4 2 1 T H E O R E T I C A L  RESULTS FOR AQUEOUS ELECTROLYTE SOLUTIONS. P e t e r  G. Kus alik ,
Department o f  Chemistry, Univ ers ity  o f  Br i t is h  Columbia, Vancouver, B r i t i s h  Columbia
V6T 1Y6 CANADA

In t r a d i t io n a l  theor ies  f o r  e lec t r o ly te  s olut ions  the  s olv ent i s  t r eated only  as a
d ie lec t r ic  continum which ac ts  t o  moderate the coulombic inter ac t ions  between the ions .

The theory  o f  Debye and HUckel adopts  t h is  p r im i t iv e  model approach. A  more complete
theoretic al p ic tu r e  o f  e lec t r o ly te  s olut ions  can be obtained by inc luding the s olv ent as
a t r ue  molecular  spec ies. We  w i l l  r epor t  r es ults  obtained us ing in tegr a l equat ion methods
for  model e lec t r o ly te  s olut ions  which ex p l ic i t ly  inc lude a water - lik e molecular  s olv ent.
The s t r uc tu r a l,  d ie le c t r ic ,  and thermodynamic proper t ies  o f  these systems w i l l  be examined.
We use the general formalisms developed by  Kirkwood and Buf f  t o  der iv e expressions
r elat ing the microscopic c or r e lat ion func t ions  and the thermodynamic proper t ies  o f
elec tr oly te s olut ions  w ithout  r es t r ic t ing  the nature o f  the s olv ent. T hen  knowing the
func tional dependence o f  these microscopic c or r e la t ion func tions  on io n ic  concentration
in the  low concentration l i m i t ,  we obtain exac t l im i t i n g  laws f o r  many thermodynamic
quant it ies ,  inc lud ing the mean a c t iv i t y  c oeffi c ient  and pa r t ia l  molar  volumes. T hes e
analy t ic al r e lat ions hips  and numerical r es u lt s  f o r  model e lec t r o ly te  s olut ions  w i l l  be
compared w ith  experiment. T h e  v a l i d i t y  o f  Debye-HUckel theory  w i l l  a ls o  be examined.



A 22 M O D E L L I N G  DISPLACEMENT OF FLUIDS IN POROUS MEDIA. W.G .  Laidlaw, R. Maier ,
Department o f  Chemistry, Univ er s ity  o f  Calgary , Calgary , Alber ta T2N 1N4, N. Wardlaw, Depar t-
ment o f  Geology and Geophysics, Univ er s ity  o f  Calgary , Calgary , Alber ta T2N 1N4 and L i  Yu,
Nanhai Western O i l  Company, Zhanjiang, People's  Republic  o f  China.

Networks o f  pores and t h e i r  interconnec ting throats  can be used t o  model porous media
displacement o f  one fl u id  by  another i n  t h is  network depends on pore s iz e,  c onnec t iv ity ,  i n -
ter fac ia l tens ion,  w e t t a b i l i t y ,  fl u i d  v is c os it y ,  ex ternal for c es ,  and the  a v a i la b i l i t y  o f
sources and s inks  f o r  the fl u ids  concerned. A t  any given t ime the d is t r ibu t ion  o f  fl u ids  i n
the network can be assessed by  computer algor ithms . Suc h  d is t r ibu t ions  can then be r e lated
to macroscopic porous media displacement proper t ies  such as  r e la t iv e  permeability ,  s atura-
tions  and u lt imate ly  t o  o i l  recovery  percentages. T h e  s t a b i l i t y  o f  these r es ults  t o  ex ternal
forces i s  a  par t ic u la r  focus o f  our  work.
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M o d e l l i n g  o f  P h e n y l e n e  R i n g  M o t i o n  i n  2 - 2  D i p h e n y l  P r o p a n e ,

B. L a s k o w s k i ,  A n a l a t o m ,  I n c . ,  2 5 3  H u m b o l d t  C o u r t ,

S u n n y v a l e ,  C A  9 4 0 8 9 ,  R .  J a f f e ,  N A S A - A m e s  R e s e a r c h
C e n t e r ,  M o f f e t t  F i e l d ,  C A  9 4 0 3 6 ,  a n d  A .  K o m o r n i c k i ,

P o l y a t o m i c s  R e s e a r c h  I n s t i t u t e ,  1 1 0 1  S a n  A n t o n i o  Ro a d ,
S u i t e  4 2 0 ,  M o u n t a i n  V i e w ,  C A  9 4 0 4 3 .

2 -2  D i p h e n y l  P r o p a n e  c a n  b e  t h o u g h t  o f  a s  b e i n g  a  m o d e l  f o r

p a r t  o f  t h e  r e p e a t i n g  u n i t  o f  p o l y c a r b o n a t e  a n d  p o l y s u l f o n e

p o l y m e r s .  T h e y  a r e  r e p r e s e n t a t i v e s  o f  a n  i m p o r t a n t  c l a s s  o f

p o l y m e r s  w h i c h  a r e  c o m p r i s e d ,  i n  p a r t ,  o f  1 , 4 - s u b s t i t u t e d

p h e n y le n e  g r o u p s .

To m a k e  a n  u n a mb ig u o u s  c o n n e c t i o n  b e t w e e n  t h e  m a c r o s c o p p i c

m e c h a n i c a l  p r o p e r t i e s  o f  t h e s e  p o l y m e r s  a n d  t h e  m i c r o s c o p i c

m o l e c u l a r  m o t i o n s  f r o m  w h i c h  s u c h  p r o p e r t i e s  d e r i v e ,  t h e

a m p l i t u d e s  o f  t h e  v a r i o u s  p h e n y l e n e  r i n g  a n d  m a i n  c h a i n  m o t i o n s

m u s t  b e  s p e c i fi e d .  T h e  l a r g e  a m p l i t u d e  p h e n y l e n e  t o r s i o n a l

m o t i o n  i s  b e l i e v e d  t o  p l a y  a  l a r g e  r o l e  i n  d e t e r m i n i n g  p h y s i c a l

p r o p e r t i e s  s u c h  a s  t o u g h n e s s  a n d  c r y s t a l i n i t y  o f  t h e s e  p o l y m e r s .

To a s s e s s  t h e  p h e n y l e n e  r i n g  m o t i o n  t h e  A b  I n i t i o  S e l f  C o n s i s t e n t

F i e l d  ( S C F )  m o l e c u l a r  o r b i t a l  a n d  g r a d i e n t  m e t h o d s  a r e  u s e d  t o

d e t e r m i n e  t h e  c o n f o r m a t i o n a l  p r o p e r t i e s  a n d  t o r s i o n a l  p o t e n t i a l

f u n c t i o n s .  I n  p a r t i c u l a r ,  a  s t u d y  o f  t h e  m o n o m e r ,  d i m e r  a n d

t r i m e r  f r a g m e n t s  w i l l  b e  d e s c r i b e d  t o  c a t e g o r i z e  t h e  g e o m e t r i e s

and r o t a t i o n a l  b a r r i e r s .



1424 SPECTROSCOPIC OBSERVATION OF PHASE TRANSITIONS IN S F

6Dieter  Eichenauer and Robert J .  Le Roy,.Guelph-Waterloo Centre f o r  Graduate Work i n
Chemistry, Univ er s ity  o f  Water loo, Water loo, Ontar io N 2L  3G1, Canada.

In in f r a r ed  photo-depletion spectroscopy o f  molecular beams o f  S F

6the v

3  which v ar ied w ith the  s iz e o f  the c lus t e r

l  a n d  w i t h  t h e  for  ex plaining these spec tral changes i n  terms o f  the dependence o f  the Ar -SF

6 p a i rpotent ial on the v ibr at ional d is t o r t io n  o f  the SF

6c ontr ibution t o  the s h i f t  appears t o  ar is e from the v ibr a t iona l dependence o f  the
elec tros tat ic  fi e ld  due t o  the  os c i l la t ing  d ipo le  moment assoc iated w ith  the  v

.the SF

6 dipole model q u a l i t a t iv e ly  explains  the  observed data. Moreov er ,  i t  suggests t ha t  a
sharp peak i n  the dependence o f  the observed spec tral l i n e  width on source pressure i s
due t o  the fl u id - s o l id  phase t r ans i t ion  i n  these c lus ter s .

1 T .E.  Gough, D.G. Knight  and G. Scoles , Chem.Phys.Lett. 97 ,  155 (1983)
2 T .E.  Gough, M. Mengel, P.A.  Rowntree and G. Sc oles , J.Chem.Phys. 83 ,  4958 (1985)
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EFFECTIVE DEPHASING THEORY OF QUANTUM TRANSPORT I N  DISORDERED

CONDENSED PHASE SYSTEMS. Ro g e r  F .  L o r i n g  a n d  S h a u l  Muk amel ,

Depart ment  o f  Ch e mi s t r y ,  U n i v e r s i t y  o f  Ro c h e s t e r ,  Ro c h e s t e r ,  N . Y .  1 4 6 2 7
U. S. A.

A n o v e l  t h e o r y 1 o f  t h e  t r a n s p o r t  o f  quan t um me c h a n i c a l  e n t i t i e s  s u c h  a s  c o n d u c t i o n

e l e c t r o n s ,  m o l e c u l a r  v i b r a t i o n s ,  o r  e l e c t r o n i c  e x c i t e d  s t a t e s  i n  d i s o r d e r e d  s y s t ems  i s

p res en t ed .  T h e  t h e o r y  i s  bas ed  o n  t h e  E f f e c t i v e  Dephas ing  A p p r o x i ma t i o n  ( E DA ) ,  i n  wh i c h

t he c o n fi g u r a t i o n  a v e r a g e d  L i o u v i l l e - s p a c e  p r o p a g a t o r  o f  t h e  e x c i t a t i o n  i s  mapped o n t o

t he p r o p a g a t o r  f o r  a n  o r d e r e d  l a t t i c e  w i t h  a n  e f f e c t i v e ,  f r e q u e n c y  dependen t  d e p h a s i n g

r a t e .  T h i s  d e p h a s i n g  r a t e  i s  d e t e r mi n e d  s e l f - c o n s i s t e n t l y .  T h e  a p p r o a c h  i s  a p p l i c a b l e

t o  s t r o n g l y  d i s o r d e r e d  s y s t ems  a n d  c a n  b e  us ed  t o  d e s c r i b e  a  " m e t a l - i n s u l a t o r "  phas e
t r a n s i t i o n  be t ween  l o c a l i z e d  a n d  d e l o c a l i z e d  e x c i t a t i o n s  ( t h e  Anders on  t r a n s i t i o n ) .  I n

agreement  w i t h  s c a l i n g  t h e o r y ,  we  p r e d i c t  t h e  e x i s t e n c e  o f  s uc h  a  t r a n s i t i o n  f o r  a

d i me n s i o n a l i t y  g r e a t e r  t h a n  t wo .  W e  a p p l y  t h e  EDA t o  t h e  c a l c u l a t i o n  o f  t h e  s i g n a l  i n

a f o u r - wa v e - mi x i n g  e x p e r i me n t  o n  a  mo l e c u l a r  c r y s t a l  w i t h  a n  i nhomogeneous l y  b roadened

a b s o r p t i o n  s p e c t r u m.

1. Ro g e r  F .  L o r i n g  a n d  S h a u l  Muk amel ,  P h y s .  Re v .  B 3 3  ( 1 9 8 6 ) .
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A WASI CLASSI CAL TRAJECTORY STUDY OF MOLECULAR ENERGY TRANSFER I N

H2 +  H COLLISIONS.  J o h n  E.  Do v e  a n d  Ma r g o t  E .  Mandy ,  D e p a r t m e n t  o f  Ch e mi s t r y ,
Un i v e r s i t y  o f  To r o n t o ,  To r o n t o ,  O n t a r i o ,  Canada  M5S 1A1.

Energy  t r a n s f e r  o f  h i g h l y  e x c i t e d  s i mp l e  mo l e c u l e s  i s  i m p o r t a n t  i n  n o n e q u i l i b r i u m

c hemic a l  s y s t ems ,  i n c l u d i n g  l a s e r  i n d u c e d  c h e mi c a l  r e a c t i o n s  a n d  h i g h  t e mp e r a t u r e

d i s s o c i a t i o n .  H o w e v e r  t h e  f a c t o r s  wh i c h  g o v e r n  t h e  e n e r g y  t r a n s f e r  b e h a v i o u r  o f  h i g h l y

e x c i t e d  mo l e c u l e s  a r e  n o t  w e l l  u n d e r s t o o d .  W e  hav e  ex amined  mo l e c u l a r  e n e r g y  t r a n s f e r  i n

exchange a n d  nonex c hange c o l l i s i o n s  o f  H ,  w i t h  H,  u s i n g  q u a s i c l a s s i c a l  t r a j e c t o r y
c a l c u l a t i o n s  o n  a n  a c c u r a t e  a b  i n i t i o  p o t e n t i a l  e n e r g y  s u r f a c e .  E x c e p t  f o r  t h e  ( v , J )  s t a t e

and t r a n s l a t i o n a l  e n e r g y ,  a l l  i n i t i a l  p a r a me t e r s  we r e  Mont e  C a r l o  s e l e c t e d .  O v e r  1 5 0 , 0 0 0

t r a j e c t o r i e s  we r e  c a l c u l a t e d  f o r  1 8  d i f f e r e n t  (17, J ) l e v e l s  o f  p a r a - H

2  a t  t r a n s l a t i o n a le n e r g i e s  o f  3  t o  200  k c a l / mo l .  E n e r g y  t r a n s f e r  i n  H

2  +  H  n o n e x c h a n g e  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  i n  H

2  H e  w h e r e  
r o t a t i o n - t r a n s l a t i o n  t r a n s f e r  a n d  a t  h i g h  i n t e r n a l  e n e r g i e s  i s  r o t a t i o n - v i b r a t i o n  •

i n t e r c h a n g e  w i t h  l i t t l e  n e t  c hange i n  t r a n s l a t i o n .  H o w e v e r  t h e r e  a r e  s t r i k i n g  d i f f e r e n c e s

bet ween nonex c hange a n d  ex c hange c o l l i s i o n s  i n  H,  H .  I n  t h e  ex c hange c o l l i s i o n s ,  t h e
fi n a l  d i s t r i b u t i o n  i s  n o t  s t r o n g l y  dependen t  o n  t h e  i n i t i a l  s t a t e ;  t h e r e  i s  s u b s t a n t i a l

r o t a t i o n - v i b r a t i o n  i n t e r c o n v e r s i o n  a t  l o w  t r a n s l a t i o n a l  e n e r g i e s ,  w h i l e  a t  h i g h e r  e n e r g i e s

t h e r e  i s ,  i n  a d d i t i o n ,  r o t a t i o n a l  e x c i t a t i o n  a t  t h e  ex pens e o f  t r a n s l a t i o n , .  and p r o d u c t

s t a t es  o f  h i g h  3  and  l o w  v  t e n d  t o  b e  f a v o u r e d  r e g a r d l e s s  o f  i n i t i a l  s t a t e .



1121 E V O L U T I O N  OF SPATIAL STRUCTURES IN CHEMICAL SYSTEMS. G ian-Luc a Oppo and
Raymond Kapral, Chemical Phys ics  Theory Group, Univ er s ity  o f  Toronto,

Toronto, Ontar io M55 1A1 Canada.

Pattern development i n  s p a t ia l ly  extended chemical systems i s  us ually  modelled by
reac t ion-dif fus ion equations . So lu t io n s  o f  these equations are d i f fi c u l t  and prec lude a
complete analys is  o f  poss ible phenomena, es pec ia lly  those aspects r e la ted t o  the c alc ula-
t ion o f  time-dependent s t a t is t ic a l  quan t i t ies .  D is c r e t e  models ex h ib i t  s im i la r  behaviour
to t h e i r  continuous analogs i n  some regions  o f  parameter space, and are computationally
and ana ly t ic a l ly  much more t r ac table.  T h e  ev olut ion and competit ion between s pat ia l
structures i s  s tudied f o r  a system possessing c oex is t ing s teady s tates . A n  analys is  o f
c r i t ic a l  behav iour , nuc leat ion and spinodal decomposition i s  c ar r ied out .  T h e  ef fec ts
of fl uc tuat ions  on the  pattern formation process are als o inv es t igated. A  chemical system
possessing some o f  these features  i s  the  iodate ox idat ion o f  arseneous ac id ,  which can
serve as a tes t ing  ground f o r  the theor et ic al pr edic t ions .



ZO
STATISTICAL BI AS I N  DI FFUSI ON MONTE CARLO SIMULATIONS:  A N EMPIRICAL STUDY.

S t u a r t  M.  Ro t h s t e i n ,  Na r a y a n  P a t h ,  a n d  J a n  V r b i k ,  De p a r t me n t s  o f  Ch e mi s t r y  a n d  Ma t h e ma t i c s ,

Broc k  U n i v e r s i t y ,  S t .  Ca t h a r i n e s ,  O n t a r i o ,  Canada  L2S 3A1 .

D i f f u s i o n  Mo n t e  C a r l o  ( DMC)  i s  a  r a n d o m w a l k  c o mp u t a t i o n a l  me t h o d  f o r  s o l v i n g  a n d

g r o u n d - s t a t e  S c h r o d i n g e r  e q u a t i o n  f o r  a t o ms  o r  mo l e c u l e s .  O n e  o b t a i n s  a  b i a s e d  e s t i m a t e

o f  t h e  e x a c t  e n e r g y ,  w h e r e  t h e  b i a s  i n c r e a s e s  w i t h  t h e  t i m e  s t e p  u s e d  i n  t h e  s i m u l a t i o n .

We p r e s e n t  s i x  n e w DMC a l g o r i t h m s ,  a l l  o f  w h i c h  h a v e  t h e  s ame t h e o r e t i c a l  j u s t i fi c a t i o n .

Ye t ,  wh e n  a p p l i e d  t o  t h e  L i H  a n d  H 2 mo l e c u l e s ,  t h e  a l g o r i t h m s  g a v e  r e s u l t s  w i t h  ma r k e d l y
d i f f e r e n t  e r r o r .  Fu r t h e r mo r e ,  a l g o r i t h m s  w h i c h  e x h i b i t  a  s m a l l  e r r o r  wh e n  a p p l i e d  t o  o n e

mo l e c u l e  s h o w s i g n i fi c a n t l y  g r e a t e r  e r r o r  f o r  t h e  o t h e r .  T h e  e x p l a n a t i o n  f o r  t h e s e  r e s u l t s

r e l a t e s  t o  s a mp l i n g  o f  c o n fi g u r a t i o n  s p a c e  i n  t h e  n e i g h b o r h o o d  o f  t h e  n u c l e i .  We  d i s c u s s

how b e s t  t o  s a mp l e  t h e  n u c l e a r  r e g i o n s ,  t o  a i d  i n  t h e  d e s i g n  o f  n e w DMC a l g o r i t h ms .

Ac k nowledgment .  T h i s  wo r k  was  s u p p o r t e d  b y  g r a n t s  f r o m  t h e  N a t u r a l  S c i e n c e s  a n d  E n g i n e e r i n g
Res earc h Co u n c i l  o f  Canada.



RADIO FREQUENCY PULSED OPTICAL NUCLEAR POLARIZATION. J .  Rowat and
J.P. Colpa, Department o f  Chemistry, Queen's Univ ers ity ,  Kings ton, Ontar io CANADA K7L 3N6

The technique o f  opt ic a l nuc lear  polar iz at ion (ONP) generates nuc lear  s pin
polar iz at ion from elec tron s pin po lar iz at ion o f  exc ited t r i p l e t  s tates . N e a r  the lev e l
crossing (LC) p o in t  o f  the t r i p l e t  s pin lev e ls  hyperfine c oupling between elec tron and
nuclear spins  tr ans fers  elec tron s pin po lar iz at ion t o  the nuc le i.  I f  r adio frequency
pulses o f  vary ing durat ion are applied t o  s pin sublevels  near  the LC po in t ,  t he  r es u lt ing
nuclear s pin polar iz at ions  are lar ge and are found t o  beat a t  the Rabi us ing a master
equation w i l l  be presented.
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E l e c t r o s t a t i c  I n t e r a c t  So lv a t ed Mac romo lec u les  o f  G e n e r a l  Shape

P. B .  Shaw

Depar t ment  o f  Phy he Penns y l v an ia  S t a t e  Un i v e r s i t y ,  U n i v e r s i

Park ,  PA  1 6 8 0 2

A s o l v a t e d  nec u le  o f  g e n e r a l  s hape i s  modeled a s  a  c h a r

b e a r i n g  c a v i t y  (Die l ec t r i c  c o n s t a n t  i n  a  h i g h  d i e l e c t r i c  med i

A u n i t  p o i n t  chewed w i t h i n  t h e  c a v i t y  i nduc es  a  p o l a r i z a t i o n

c harge d e n s i t y  o w i t y  s u r f a c e  wh i c h  i s  d e t e r mi n e d  b y  a  l i n e a r

inhomogeneous  i n q u a t i o n .  T h i s  s u r f a c e  p o l a r i z a t i o n  c h a r g e  d

i n  t u r n  d e t e r mi n o i s s o n  Green f u n c t i o n ,  wh i c h  p l a y s  t h e  r o l e

t he  Cou lomb p o t e  t he  p res enc e  o f  a  d i e l e c t r i c  i n t e r f a c e .  W b

t he  p o i n t  c h a r g e i c i e n t l y  c l o s e  t o  t h e  c a v i t y  s u r f a c e ,  t h e  i n -

e q u a t i o n  c a n  b e  a t e r ms  o f  l o c a l  s u r f a c e  geomet ry .  T h i s  l i m i

s o l u t i o n  i s  a l s oaroughou t  a  s p h e r i c a l  c a v i t y  i n  a  c o n d u c t i n g

medium.  F o r  a  g v i t y ,  t h e  a p p r o x i ma t i o n  c an  b e  i mp r o v e d  t h r o

t he i n t r o d u c t i o n i  i ma g e s . "  E l e c t r o s t a t i c  pK s h i f t s  a r e  c a l c

f o r  a  c a v i t y  s h m^ d e l s

i n d e n t e d  a c t i v e

t he g e o me t r y  o f  a n  enzyme w i t h  a  l a r g f



A 3/
ROTATIONAL DECOUPLING: C A N  INTRAMOLECULAR VIBRATIONAL ENERGY

FLOW BE INHIBITED BY ROTATIONAL EXCITATION? Ra n d a l l  B.  S h i r ts ,  Department o f

Chemistry, Univ e rs i ty  o f  Utah, S a l t  Lake Ci ty ,  UT 8 4 1 1 2  U.S .A.

There has been a  gre a t de a l  o f  recent the ore ti c a l  and experimental i n te r e s t
in intramolecular v i bra ti ona l  dynamics due t o  i t s  importance i n  i nfra re d mul tiple

photon processes and unimolecular re a c tions .  A l m os t  a l l  the ore ti c a l  s tudie s  have

neglected r o ta t i ona l  motion. I t  i s  commonly assumed th a t  the  a ddi ti ona l  coupl ing
provided by  rov ibra tiona l  terms i n  the  molecular Hamiltonian w i l l  increase the
ra te  o f  energy flow ,  lowe r  the  thre s hold fo r  the  quasicontinuum and increase the

extent o f  c la s s ic a l ly  chaotic  motion. I n  model s tudies ,  we have observed th i s

behavior. Howe v e r ,  i t  i s  a lso poss ible  fo r  r o ta ti ona l  e x c i ta ti on to  decrease the

amount o f  v i bra ti ona l  energy flow .  A  model f o r  the  s tre tc hing motions o f  H

2
serves as  an example o f  th i s  phenomenon. T h e  explanation f o r  r o ta t i ona l
decoupling w i l l  be  described us ing c la s s ic a l  and quantum s tudie s ,  and the  search

for  r e a l  molecules e x hibi ting the  phenomenon reported.  T h e  s ignific a nc e  o f
rota tiona l  decoupling i n  mode s pe c i fic  i n fr a r e d  mul tiple  photon experiments w i l l
also be  discussed.
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CHARACTER TABLES A N D  SYMMETRY EIGENVECTORS F O R TWO -
ROTOR MOLECULAR SYSTEMS.

YvesG. Smeyers and A.  Ne i°

Institu t° de Estructura de la  rnateria, C.S.I.C.

c/ Serrano, n2 119, 28006-MADR1D, Spain.

Abstract

In a n  e a rly  paper (Y .G.  Smeyers and M. N.  Be llido , I n t .  3 .  Quantum
Chem., 19

9  by solving the Schrodinger equation fo r two  equivalent C

3 v  r o t o r s  r o t a t i n gin a  C

l v  was wise ly used. In  part icu lar,  the  symmetry eigenvectors which diagona-
lize i n  boxes t h e  hamilton ian ma t r ix  we re  deduced b y  using t h e  we l l
known cha racte r t a b le  o f  t h e  G

3 4  g r o u p  f o r  The procedure wa s applied t o  study t h e  in te rna l dynamics o f  acetone
and xylene molecules.

In o rde r t o  generalize t h is  •study t o  o the r t wo  C

3 v  r o t o r  m o l e c u l e s ,of h igher o r  lo we r in te rna l symmetries than acetone, t h e  corresponding
character tables need t o  be known. In  the  present work,  these character

tables a re  deduced in t o  t h e  f ra me  wo rk  o f  t h e  A ltmann  Group Theory
for n o n -rig id  mo lecu les,  a n d  f r o m  t h e m t h e  symme t ry  e igenvectors
are determined. Th e  symmetries considered a re  those  o f  para-xylene,

dimethylamine, N-methyle thylidenamine, trans-1,2-dimethylcyclopropane,
and a completely asymmetrica l d imethyl molecule.



4 3 3  M O D E L  DEPENDENCE OF COLLISION t l I FI CI ENCI ES FOR THERMAL UNIMOLECULAR
REACTIONS, N e i l  S n i d e r ,  De p a r t me n t  o f  Ch e mi s t r y ,  Queen ' s  U n i v e r s i t y ,

K i n g s t o n ,  O n t a r i o  K71, 3N6.

Formulas  f o r  c o l l i s i o n  e f fi c i e n c y  f a c t o r s  f o r  one  a n d  t wo  c h a n n e l  u n i mo l e c u l a r  r e a c t i o n s

were d e r i v e d  f o r  s e v e r a l  s i mp l e  mode l s .  I t  was  f o u n d  t h a t  t h e  e f fi c i e n c y  f a c t o r s  a r e  d e t e r -

mined  t o  w i t h i n  a b o u t  5% b y  t h e  mo d e l ' s  <Ae>,  t h e  mean e n e r g y  t r a n s f e r r e d  p e r  c o l l i s i o n ,  a n d

i t s  < ( A e )

2e f fi c i e n c y  f a c t o r  f o r  a  s i n g l e  c h a n n e l  r e a c t i o n  i n c r e a s e s  w i t h  d e c r e a s i n g  < ( A e )

2r e s u l t  i s  e x p l a i n a b l e  i n  t e r ms  o f  t h e  c o l l i d e r ' s  p r o d u c i n g  a n  e n e r g y  fl o w  s u c h  a s  t o  ma i n -

t a i n  t h e  r e a c t a n t  mo l e c u l e  e n e r g y  d i s t r i b u t i o n  more  n e a r l y  e q u a l  t o  t h e  Bo l t z mann  d i s t r i b u -

t i o n .  T h e  j u s t  me n t i o n e d  r e s u l t s  d o  n o t  a p p l y  t o  t h e  e f fi c i e n c y  f a c t o r  r e l a t e d  t o  t h e

b r a n c h i n g  f r a c t i o n  f o r  a  t wo  c h a n n e l  r e a c t i o n  i f  I <Ae>1 i s  l e s s  t h a n  o r  e q u a l  t o  t h e  d i f f e r -

ence b e t we e n  t h e  c h a n n e l  t h r e s h o l d  e n e r g i e s .  I n  t h i s  c a s e  i t  i s  t h e  l a r g e ,  n e g a t i v e  Ae p a r t

o f  t h e  e n e r g y  t r a n s f e r  d i s t r i b u t i o n  wh i c h  d e t e r mi n e s  t h e  c o l l i s i o n  e f fi c i e n c y .



R P /  S

nDYNAMICS OF [ A ]

n  a n d  Montreal, Quebec, CANADA

The s pin dynamics and r e lax at ion o f  mult is pin systems, inv o lv ing c lus ters  o f  l i k e

spins, u t i l i z e s  S

nviews o f  intermediate l h  angular  momenta c oupling schemes as  " t r ees " .  S r

- a d a p t a t i o n  o fthese equal I .  mu l t is p in  bases proceeds v ia  e i t he r ,  ( a )  t he  pr ojec t ion super-operator ,

approach, o r  els e ( f o r  s pec ifi c  cases) by  the use o f  ( b)  automorphisms w i t h in  a scheme

that t r eats  the  p r im it iv e  intermediate i n  couplings  i n  a democratic manner. B o t h  lead t o

par t i t ion ing o f  the bas is  i n t o  subdomains w ith  dimens ionalit ies  n

pThe second approach under S

3  p r o v i d e s  p

-[AX]n s pin systems pa r t i t ion ing  i s  governed by  the d ir ec t  product L io u v i l le  pr o jec tor ,  andk
it s  assoc iated inv ar ienc epr oper t ies ,  over  the double s pin tensors , [ T x  j  .



HIGHER ORDER ADIABATIC SEPARATION OF.  STRONGLY COUPLED SYSTEMS.

T.  Tu n g  Nguyen-Deng-; .  D4 p a r t e mt n t  d e  c h i mi e ,  U n i v e r s i t e  d e  S h e r b r o o k e ,  S h e r b r o o k e ,  Quebec ,
Canada J 1 K  2R1

A s y s t e ma t i c  s e a r c h  met hod f o r  o b t a i n i n g  h i g h e r - o r d e r  a d i a b a t i c  r e p r e s e n t a t i o n s o f  c o u -

p l e d  s y s t ems  i s  d e v e l o p p e d ,  s t a r t i n g  f r o m t h e  phas ec ox rec t ed  a d i a b a t i c  a p p r o x i ma t i o n  r e c e n -

t l y  p r o p o s e d  b y  Ma r g c h a l .  T h e  met hod i s  i l l u s t r a t e d  b y  i t s  a p p l i c a t i o n  t o  t h r e e  s i mp l e ,

e x a c t l y  s o l u b l e ,  t wo - b o d y  s y s t ems :  t h e  f r e e  hy d r oge n  a t om,  t h e  l i n e a r l y  f o r c e d  h y d r o g e n

atom a n d  t h e  s y s t em o f  t wo  h a r mo n i c a l l y  c o u p l e d  o s c i l l a t o r s .  I n t e r e s t i n g  r e s u l t s  a n d  p r o -

b lems ,  a s s o c i a t e d  w i t h  t h e  h i g h e r - o r d e r  a d i a b a t i c  s e p a r a t i o n  o f  n u c l e a r  a n d  e l e c t r o n i c  mo -

t i o n s  i n  a  mo l e c u l e  a r e  p r e s e n t e d  a n d  d i s c u s s e d .



36 R E L A X A T I O N  THEORY FOR ANISOTROPIC MUONIUM WITH RANDOM HYPERFINE
DISTORTIONS. Ra lp h  E r i c  Tu rn e r,  Department o f  Ch e mist ry,  U n i v e r s i t y  o f

B r i t i s h  Co lumbia , Vancouver, B . C.  V6T 1Y6

The s p i n  dynamics a sso cia te d  w i t h  random h yp e rfin e  d i s t o r t i o n s  o f  an  ensemble
o f  muons,which have t h e rma lize d  a s muonium atoms i n  s o l i d s ,  i s  approximated  w i t h  th e

motion  generated b y  ave rag ing  t h e  s p in  e vo lu t io n  o f  a  s in g le  i s o la t e d  muonium atom
over a  p ro d u ct  o f  con t inuous h yp e rfin e  f re q u e n cy d i s t r i b u t i o n s .  T i e  h yp e rfin e  t e n s o r

in clu d e s a n  i s o t r o p i c  Fe rmi co n t a c t  t e rm and a  symme tric t ra ce le ss  d ip o le -d ip o le  t e rm.
Re laxa t ion  f u n c t io n s  a re  ca lcu la t e d  f o r  b o th  th e  ze ro  and h ig h  fi e l d  l i m i t s  and  fi t

to  t h e  a v a i la b le  f  used q u a rt z  d a ta .



39 SEMICLASSICAL TREATMENT OF THE VIBRATIONAL SPECTROSCOPY OF THE OCS

MOLECULE. E r i c  E .  A u b a n e l  a n d  Da v i d  M.  Wa r d l a w,  De p a r t me n t  o f  Ch e mi s t r y ,  Q u e e n ' s

Un i v e r s i t y ,  K i n g s t o n ,  O n t a r i o ,  K 7 L  3N6.

A l o n g s t a n d i n g  g o a l  i n  t h e o r e t i c a l  c h e mi s t r y  i s  t h e  dev e lopmen t  o f  p r a c t i c a l  s e m i -
c l a s s i c a l  me t hods  f o r  t h e  t r e a t me n t  o f  n u c l e a r  mo t i o n  i n  mo l e c u l e s .  I n  a d d i t i o n  t o  p r o v i -

d i n g  u s e f u l  c o n c e p t u a l  a d v a n t a g e s ,  s u c h  met hods  o f f e r  t h e  p o s s i b i l i t y  o f  c o mp l e me n t i n g

quantum m a t r i x  e l e me n t  a n d  m a t r i x  d i a g o n a l i z a t i o n  c a l c u l a t i o n s  w i t h  l e s s  t e d i o u s ,  mo r e

fl e x i b l e ,  a n y  l e s s  t i me - c o n s u mi n g  c o mp u t a t i o n s .  T o  t h i s  e n d  v i b r a t i o n a l  e n e r g y  l e v e l s  ( u p
t o  - 7 5 0 0  c m w i t h  r e s p e c t  t o  t h e  g r o u n d  s t a t e ) ,  t r a n s i t i o n  i n t e n s i t i e s ,  a n d  mean d i p o l e

moments f o r  OCS hav e  b e e n  d e t e r mi n e d  s e m i c l a s s i c a l l y  v i a  c l a s s i c a l  t r a j e c t o r i e s  w i t h

s u i t a b l e  c l a s s i c a l  a c t i o n s .  T h e  ' q u a n t i z e d '  t r a j e c t o r i e s  a r e  o b t a i n e d  b y  t h e  a d i a b a t i c

s wi t c h i n g  met hod.  A  mode l  p o t e n t i a l  e n e r g y  f u n c t i o n ,  d e t e r mi n e d  b y  Fo o r d ,  S m i t h  and

Wh i f f e n  b y  fi t t i n g  t o  s p e c t r o s c o p i c  d a t a ,  i s  emp loy ed .  T h e  a c c u r a c y  o f  t h e  s e m i c l a s s i c a l .

r e s u l t s  i s  e s t a b l i s h e d  b y  c o mp a r i s o n  t o  t h e  c o r r e s p o n d i n g  f u l l  quan t um c a l c u l a t i o n .

Sev era l  h i g h  e n e r g y  e i g e n v a l u e s  h a v e  been  o b t a i n e d  s e m i c l a s s i c a l l y  f o r  t h e  fi r s t  t i m e  a n d

are c ompared  t o  e x p e r i me n t a l  r e s u l t s .  A d v a n t a g e s  a n d  e x t e n s i o n s  o f  t h e  p r e s e n t  met hod a r e
d is c us s ed.



/
 I M P U R I T Y  EFFECTS ON CHEMISORPTION. T .  Zhang1 and W.-K. L i u ,  Department

of Physics and the Guelph-Waterloo Program f o r  Graduate Work i n  Phys ics , Univ er s ity  o f
Waterloo, Ontar io CANADA N2L 3G1. IPhy s ic s  Department, Henan Normal Univ er s ity ,  Xinx iang,
Henan, CHINA.

The infl uenc e o f  a s ubs t itu t ional impur i t y  atom on the chemisorption proper t ies  o f  an
atom adsorbed on the (100) sur face o f  a s imple cubic  subs trate i s  inv es t igated us ing the
Green's func t ion method. T h e  pure s o l id  subs trate i s  approximated by  the t igh t - b ind ing
scheme and the impur ity  i s  descr ibed by  the Kos ter -Slater  model. T h e  in te r ac t ion  energy
is  c alc ulated as a  func t ion o f  the band fi l l i n g ,  t h e  e f fec t iv e  adatom le v e l ,  t he  hopping
potent ial between the adatom and the neares t sur face atom, t he  impur ity  lev e l and the
r elat iv e adatom-impur ity  separation. T h e  occurrence o f  loc aliz ed s tates  ly in g  outs ide the
band i s  a ls o s tudied as a  func t ion o f  the var ious  system parameters.



P 11,-1 C O N T R O L  OF PRODUCT YIELDS FOR ATOMS AND IONS IN THE PHOTODISSOCIATION OF

LITHIUM FLOURIDE. C a ther ine  Asaro and Paul Brumer, Chemical Phys ics

Theory Group, Dept. o f  Chemistry, Univ er s ity  o f  Toronto, Toronto, O ntar io,  M5S-1A1, Canada

and Moshe Shapiro, Dept. o f  Chemical Phys ics , Weizmann I n s t i t u t e  of 'Sc ienc e, Rehovot, I s r ae l

The s ingle- frequency  vacuum-UV photodissoc iation o f  l i t h iu m  fl our ide  (Asaro and
Dalgarno 1986) produces both ions  and neutral atoms. We  develop a theor et ic al model t h a t
uses mult iple- frequency  coherent r ad ia t ion  t o  obtain c ontrol ov er  the fragments produced by
dissoc iation out  o f  the two lowes t sigma s tates  o f  L iF .  T h e  anisotropy  i n  the s tates  d i f f e r s
at low energies , so the  y ie ld  o f  atoms versus ions  als o v ar ies  w ith  s c atter ing angle. T h e
nature o f  the curve-crossing f o r  the two s tates  leads  t o  s epar ab il i t y  o f  the ex c itat ion and
dissoc iation events , which prec ludes applic at ion o f  the coherent theory  t o  the t o t a l  y ie lds
for  the process. However , c ontr ol may be obtained a t  a fi x ed s c at ter ing angle as a func t ion
of the e l l i p t i c a l  po la r iz a t ion  o f  a s ing le  las er .  I t  i s  thus  pos s ible t o  separate the pro-
ducts by  fi x ing  t h e  angle o f  observation and vary ing the po lar iz at ion o f  the las er  o r  by
fi x ing t h e  po lar iz at ion and vary ing the  detec tion angle.

Catherine Asaro and A. Dalgarno, 1986 i n  preparation



EXPONENTIAL APPROXIMATION TO ONE PARTICLE DENSITY MATRI X AND THE WIGNER'S

-

D Ca r o l i n a ,  Ch a p e l  H i l l ,  N o r t h  C a r o l i n a  2 7 5 1 4  U. S . A .

I t  i s  s hown t h a t  t h e  e a r l i e r  p ropos ed  t h e r mo d y n a mi c - l i k e ,  d e s c r i p t i o n  o f  t h e  g r o u n d  s t a t e

o f  a  ma n y - e l e c t r o n  s y s t em,  wh i c h  demands  a n  i n t r o d u c t i o n  o f  l o c a l  q u a n t i t i e s ,  s u c h  a s  t e mp e r a -

t u r e ,  e n t r o p y ,  e t c .  i s  e q u i v a l e n t  t o  a  w e l l  d e fi n e d  a p p r o x i ma t i o n  f o r  t h e  d e n s i t y  m a t r i x  a n d

t h e r e f o r e  f o r  t h e  Wi g n e r ' s  d i s t r i b u t i o n .  T h i s  a p p r o x i ma t i o n  has  b e e n  s u c c e s s f u l l y  a p p l i e d  t o

c a l c u l a t i o n  o f  Compt on p r o fi l e s  a n d  ex c hange e n e r g y  f u n c t i o n a l  i n  a  f r a me wo r k  o f  d e n s i t y  f u n c -

t i o n a l  t h e o r y .
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ei The E l e c t r o n i c  a n d  G e o m e tr i c  S t r u c t u r e  o f  t h e  Low e s t  5

E  a n d5

1
A.E .  A l v a r a d o -S w a i s g o o d  a n d  J . F .  H a r r i s o n ,  D e p a r t m e n t  o f  C h e m i s t r y ,  M i c h i g a n

S ta te  U n i v e r s i t y ,  E a s t  L a n s i n g ,  M I  4 8 8 2 4 - 1 3 2 2

Recent e x p e r i m e n t a l  w o r k '  s u g g e s t s  t h a t  Cr C1 +  r e a c t s  ( e x o t h e r m i c a l l y )  w i t h

a lk a ne s  ( a c t i v a t i n g  t h e  C - H  a n d  C - C  b o n d s )  w h i l e  Cr +  d o e s  n o t .  A  me c ha nis m

f o r  t h e  e nha nc e d r e a c t i v i t y  o f  CrC1 + h a s  b e e n  s u g g e s te d  b y  Ma nd i c h l  e t  a l .

and i n v o l v e s  t h e  5

1 1  s t a t e  
MCSCF-1-14-2 c a l c u l a t i o n s  o f  t h e  p r o p e r t i e s  o f  t h e  5

E  a n d  5and d i s c u s s  t h e i r  r e l e v a n c e  t o  t h e  p r o p o s e d  me c ha nis m.

1

M



b2

ANIONS I N  THE LOCAL SPI N DENSITY METHOD.

Jan Andz e lm and  De n n i s  R.  S a l a h u b ,

D6par t ement  d e  c h i m i e ,  U n i v e r s i t 6  d e  Mo n t r 6 a 1 ,

Mo n t r e a l ,  Quebec ,  H3C 3 J 7 ,  Canada .

A p e r t u r b a t i o n a l  a p p r o a c h  t o  s e l f  i n t e r a c t i o n  c o r r e c t i o n s  ( S I C)  i n  t h e  L o c a l  S p i n

De n s i t y  ( L S D)  met hod  i s  i n t r o d u c e d  a n d  t e s t e d  i n  a t o mi c  a n d  mo l e c u l a r  c a l c u l a t i o n s .  T h i s

c o r r e c t i o n  i s  s hown t o  b e  o f  ma j o r  i mp o r t a n c e  f o r  e l e c t r o n  a f fi n i t i e s .  T h e  d i r e c t  S I C-LSD

t e r n s  ( c a l c u l a t e d  w i t h  t h e  LSD d e n s i t y ) ,  a r e  t h e  mos t  i mp o r t a n t  and  t h e  i n c l u s i o n  o f  t h e

d e f o r ma t i o n  o f  t h e  LSD d e n s i t y  i n  fi r s t  o r d e r  b r i n g s  a b o u t  v e r y  good  agreement  w i t h

e x p e r i me n t a l  e l e c t r o n  a f fi n i t i e s .  T h e  e r r o r s  a r e  -

0 . 1  e V  f o r  Ct h e  n o n - l i n e a r i t y  o f  t h e  ex c hange c o r r e l a t i o n  p o t e n t i a l ,  S I C c a l c u l a t i o n s  f o r  d e g e n e r a t e

o r b i t a l s ,  wh i c h  us e  a v e r a g e  d e n s i t i e s ,  a r e  i n  e r r o r  a n d  i n d e p e n d e n t  c a l c u l a t i o n  f o r  e a c h

s p i n  o r b i t a l  i s  nec es s a ry .  A p p l i c a t i o n  o f  t h i s  t e c h n i q u e  f o r  mo l e c u l e s  w i l l  b e  d i s c u s s e d .

Even w i t h o u t  t h e  S I C,  LSD c a l c u l a t i o n s  c a n  p r o v i d e  a  u s e f u l  ( t h o u g h  l e s s  a c c u r a t e )

d e s c r i p t i o n  o f  a t o mi c  a n d  mo l e c u l a r  a n i o n s ,  p r o v i d e d  t h a t  LCAO,  r a t h e r  t h a n  n u me r i c a l  o r

s c a t t e red -wav es ,  t e c h n i q u e s  a r e  emp loy ed .  L CA O - L S D c a l c u l a t i o n s  y i e l d  s t a b l e  n e g a t i v e  i o n s

i n  many  c as es  wh e r e  bound  n u me r i c a l  s o l u t i o n s  d o  n o t  e x i s t .  T h i s  i s  bec aus e t h e  l i m i t e d

( b u t  n o t  s m a l l )  b a s i s  s e t  a c t s  a s  a  b a r r i e r  wh i c h  c o n fi n e s  t h e  e l e c t r o n s  a r o u n d  t h e  a t o m,

e f f e c t i v e l y  c u t t i n g  o f f  t h e  i n c o r r e c t  t a i l  o f  t h e  LSD p o t e n t i a l .  R e s u l t s  a t  t h i s  l e v e l  f o r

s e v e r a l  i n o r g a n i c  and m e t a l l i c  mo l e c u l a r  a n i o n s  w i l l  b e  p r e s e n t e d .



8 3  E L E C T R O N  CORRELATION: COULOMB SHI FTS AND COULOMB HOLES. K . E .  B a n y a r d ,

Depar t ment  o f  P h y s i c s ,  U n i v e r s i t y  o f  L e i c e s t e r ,  L e i c e s t e r ,  E n g l a n d .

E l e c t r o n  c o r r e l a t i o n  goes  bey ond  t h e  t r a d i t i o n a l  Ha r t r e e - Fo c k  ( HF)  t r e a t me n t  b y

i n t r o d u c i n g  e l e c t r o n - e l e c t r o n  r e p u l s i o n s .  N a t u r a l l y ,  c o r r e l a t e d  wa v e f u n c t i o n s

produc e g r e a t e s t  c hange,  meas u red  r e l a t i v e  t o  t h e  HF d e s c r i p t i o n ,  i n  t h e  p r o b a b i l i t y

d e n s i t y  f o r  t h e  i n t e r - p a r t i c l e  s e p a r a t i o n .  T h i s  o c c u r s  i n  b o t h  p o s i t i o n -  a n d

momentum- s pac e  c o o r d i n a t e s .  S u c h  c hanges  g i v e  r i s e  t o  t h e  Coulomb h o l e ,  A f ( r

1 2vs .  r 12,  i n  p o s i t i o n  s pac e a n d  t h e  Coulomb s h i f t ,  A f ( p 12)  v s .  p 12,  i n  momentum s pac e .
P a r t i a l  Cou lomb h o l e s  a n d  s h i f t s ,  wh i c h  i l l u s t r a t e  how c o r r e l a t i o n  e f f e c t s  v a r y  a r o u n d

•a t e s t  e l e c t r o n  l o c a t e d  i n  d i f f e r e n t  r e g i o n s  o f  s pac e ,  a r e  p a r t i c u l a r l y  u s e f u l  i n

h i g h l i g h t i n g  c hanges  i n  t h e  r e l a t i v e  i mp o r t a n c e  o f  t h e  r a d i a l  a n d  a n g u l a r  c omponent s

o f  c o r r e l a t i o n .  I n  t h i s  c o n t e x t ,  a n g u l a r  t

h o l e s '  a n d  h e l p f u l  i n  t h e  u n d e r s t a n d i n g  o f  t r e n d s  i n  c o r r e l a t i o n  c h a r a c t e r i s t i c s .  H e n c e ,  t h e

s t reng t hs  a n d  weak nes s es  w i t h i n  a  g i v e n  c o r r e l a t e d  wa v e f u n c t i o n  c an  b e  a s c e r t a i n e d .

As ex amp les ,  r e s u l t s  a r e  p r e s e n t e d  and  a n a l y s e d  f o r  s ome l o w - l y i n g  e x c i t e d  s t a t e s  o f

He a n d  L i  a n d  c ompar i s ons  a r e  made w i t h  t h e  g r o u n d  s t a t e s .



8  4

4 THE LEFT-RIGHT CORRELATION IN MULTIPLE METAL-METAL BONDS

Marc BENARD, Roland WIEST and Ala in  STRICH
Laboratoire de Chimie Quantique, E.R. 139 du CNRS
Univers ite Louis  Pasteur, 4  rue Blais e Pascal
67000 STRASBOURG (FRANCE)

I t  i s  shown t ha t  impos it ion o f  a proper dis s oc iat ion o f  a mult ip le  metal-metal bond
(by means o f  CI o r  CASSCF treatments) does not  prov ide a complete des c r ipt ion o f  the l e f t -
r igh t  c or r e la t ion between metal atoms. A l im i t ed  CI treatment i s  proposed t o  account f o r
the remaining par t  o f  the l e f t - r i g h t  c or r e la t ion,  based on a  CI expansion r es t r ic ted t o

s ingle ex c itat ions  from a proper ly  selec ted mult ireference bas is . Applic at ions  t o  Cr2H

6( t r ip le  Cr-Cr bond) and Cr2(02CH)4 (quadruple bond) w i l l  be displayed.



Why d o  a lum inum t r i h a l i d e s  d i m e r i s e ?  :  A  M u l t i p l e -
S c a t t e r i n g  a n a l y s i s ,  E .  M .  Be r k s o y ,  M .  A .  Wh i t e h e a d ,
Depar tment  o f  C h e m is t r y ,  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,
PQ, C anada  H3A 2K6 ;  a n d  B .  Mc Mas te r ,  D e p a r t m e n t  o f
Phy s ic s ,  M c G i l l  U n i v e r s i t y ,  M o n t r e a l ,  PQ ,  C anada  H3A
2T8

Aluminum t r i h a l i d e  mo n o me r s  a n d  d im e r s  w e r e  s t u d i e d

u s in g  t h e  M u l t i p l e  S c a t t e r i n g  method w i t h  X - a lp h a  ex c hange a n d
Vos k o - Wi lk - N us a ir  e x c h a n g e - c o r r e l a t i o n  p o t e n t i a l s .

D i f f e r e n t  p e r c e n t  o v e r l a p s  w e r e  r e q u i r e d  f o r  e a c h
monomer -dimer  h a l i d e  t o  g i v e  t h e  e x p e r i m e n t a l  d i m e r i z a t i o n
ener gy ;  w i t h  t h i s  p a r a m e t r i z a t i o n  o f  o v e r l a p ,  t h e  i o n i z a t i o n
p o t e n t i a l s  f o r  t h e  monomers  a n d  d im e r s  w e r e  p r e d i c t e d  i n  g o o d
agreement w i t h  e x p e r im e n t  f o r  b o t h  p o t e n t i a l s .

D i m e r i z a t i o n  o c c u r e d  bec aus e a lum inum c o m t r i b u t e d  l e s s
e le c t r o n s  t o  t h e  b o n d i n g  i n  t h e  d i m e r  t h a n  i n  t h e  m o n o m e r
compared t o  t h e  h a l i d e s .  T h e  c o n t o u r  p l o t s  gav e  n o  e v id e n c e  o f
a m e t a l - m e t a l  b o n d  o r  any  s i g n i fi c a n t  a l u m i n u m - b r i d g e  h a l i d e
bonds b u t  s t r o n g  a lu m in u m - t e r m in a l  h a l i d e  bonds .  T h e  a l u m i n u m
a p p a r e n t l y  s i t s  i n  t h e  b r i d g e  h a l i d e  d e n s i t y  c l o u d ;  i t  i s
c lo s e r  t o  t h e  f r e e  A l  a t o m d e n s i t y  i n  t h e  d i m e r  t h a n  t h e
monomer, w h i c h  pe r haps  d r i v e s  t h e  d i m e r i z a t i o n .



8 6  O N  THE DIRECT DETERMINATION OF CONSTRAINED PURE STATE
ONE-EIECTRON DENSITY MATRICES :  A  NEW THEORETICAL METHOD

AND I T S  APPLICATIONS. P.KHAN, K.K.DAS AND S.P.BHATTACHARYYA, T h e o r y
Group, D epar tmen t  o f  P h y s i c a l  C h e m is t r y ,  I n d i a n  A s s o c i a t i o n  f o r  t h e
C u l t i v a t i o n  o f  Sc ie n c e ,  J a d a v p u r

l  C a l c u t t a  
An a l g o r i t h m  pr opos ed r e c e n t l y  b y  u s  f o r  t h e  d e t e r m i n a t i o n  o f  p u r e

s t a t e  c o n s t r a i n e d  o n e  e l e c t r o n  d e n s i t y  m a t r i c e s  h a s  b e e n  r e m o d e l le d
(Pramana J .  Ph y s .  2 8 1  ( 1 9 8 5 ) ;  Chem. Ph y s .  L e t t e r s .  1

.The r e m o d e l l e d  a l g o r i t h m  i s  a p p l i e d  t o  t h e  c o n s t r u c t i o n  o f  a r ound  s t a t e
p o t e n t i a l  ene r gy  c u r v e  o f  L i t h i u m  h y d r id e  m o le c u le  u s i n g  t h e  e x p e r i -
me n t a l  d i p o l e  moment f u n c t i o n  as  t h e  e x t e r n a l  c o n s t r a i n t .  T h e  e q u i l i -
b r ium i n t e r n u c l e a r  d i s t a n c e  ( r  )  i s  s e e n  t o  b e  u n a f f e c t e d  b y  t h e  " d i p o l e
moment c o n s t r a in t ' s  T h e  " f o r c e -

eThe c o n s t r a i n e d  d e n s i t y  and  t h e  c o r r e s p o n d in g  " n a t u r a l "  o r b i t a l s  a r e
analy s ed t h o r o u g h l y  r e v e a l i n g  i n t e r e s t i n g  f e a t u r e s  o f  t h e  " r e a r r a n g e d
d e n s i t y "  u n d e r  t h e  i n fl u e n c e  o f  t h e  c o n s t r a i n t .
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ABSTRACT

MRD-CI STUDY OF THE ISOMERS HSiO, SiOH AND

THEIR NEGATIVE IONS HS i 0

-

PABLO J .  BRUNA and FRIEDRICH GREIN

Department o f  Ch e mist ry

Un iv e rs i t y  o f  New Brunswick
Fre d e ric to n ,  NB

E3B 6E2

The e q u i l i b r i u m geometries were  o b ta in e d  a f t e r  MRD-CI (NO 's )

ca lcu la t io n s  u s in g  a  DZP AO b a s is  augmented b y  s e mid i f  fuse p  and d  f u n c t io n s .

SiOH i s  more s t a b le  th a n  HSiO b y  about 13 k c a l / mo l  and w i t h  a  D

okca l/mo l.  H S I ( )  i s  a  a  ra d i c a l ,  w i t h  t h e  10 a '  MO sp read  o u t  on  a l l  ce n t e rs

wh i le  SiOH has a  f f -s t ru c t u re  be ing  such  MO a lmo st  l o c a l i z e d  on  S i .  T h e  fi r s t

e xcite d  2 A" (3 a " )  (S iO H) h a s a  b e n t  e q u i l i b r i u m geometry,  i n  va ria n ce  w i t h

Walsh 's ru l e s .  A d d i t i o n a l  ca lcu la t io n s  f o r  t h e  2  A" and  2 2A' (HS iO ) s t a t e s  f o r

bent s t ru c t u re s  ( a  =  9 5

0f o r  t h e  HCO ra d i c a l .  T h e  v i b ra t i o n a l  f re q u e n cie s and t h e  d ip o le  moment

fu n ct io n s w i t h  re sp e ct  t o  t h e  i n t e rn a l  co o rd in a te s have a lso  been s t u d ie d .

Ca lcu la t io n s c a r r i e d  o u t  f o r  S iO,  OH and S iH in d ic a t e  a  good agreement f o r  p (R)

when compared w i t h  o t h e r ab  i n i t i o  r e s u l t s  u s in g  extended AO b a s is .  T h e  p  o f

H2SiO and t -HSiOH a re  a lso  s t u d ie d .  T h e  g e o me t rica l  pa ramete rs,  v ,  p  and

SiO-bond s t re n g t h s  i n  H S i O / H

2The I P (a d ) o f  SiOH (6 . 5 2  eV, w i t h o u t  ZPE) i s  2  eV s ma l le r  th a n  f o r  HSiO and t h u s

increasing  t h e  r e l a t i v e  S i 0 e / H S i e  s t a b i l i t y  t o  64  k c a l / mo l .  T h e  p ro to n

a f fi n i t y  ( 0 - s i t e )  o f  8 .1 0  eV agrees w i t h  a  va lu e  8 .1  ±  0 . 7  eV (e x p . ) .  T h e

re su l t s  f o r  HSiO a n d  SiOH a r e  i n t e re s t i n g .  T h e  X1A i(1 0 a ,2 )  HSiO-  s t a t e  i s

most s t a b le  b y  10 -  1 5  k c a l / mo l  th a n  X

3a lso  ra t h e r  l a rg e  (a b o u t  1 .7 5  eV) when compared w i t h  an  EA (HCO) o f  0 .313  eV

(e xp . ).  T h e  3

A "  
corresponding n e u t ra l  s t a t e  wh i le  1

A ' ( S i O H  )  i s  



8  8 T H E  ACCURACY OF THE PERMANENT MULTIPOLE VALUE FOR THE FI RST ORDER COULOMB

ENERGY A S  A  FUNCTION OF ORIENTATIONS,  DI STANCES AND BASIS FUNCTION TYPES.  D .  B e l f o r d  a n d

E.S.  Ca mp b e l l ,  De p a r t me n t  o f  Ch e mi s t r y ,  New Y o r k  U n i v e r s i t y ,  New Y o r k ,  NY  10003 USA

The e l e c t r o s t a t i c  ( fi r s t  o r d e r  C o u l o m b )  e n e r g i e s  o f  t h e  i s o l a t e d  m o l e c u l e  c h a r g e

d e n s i t i e s  o f  s m a l l  mo l e c u l e s  wh i c h  f o r m H-bonds  ( HF,  H

2c a l c u l a t e d  b y  b o t h  s i n g l e  c e n t e r  a n d  m u l t i c e n t e r  p e r m a n e n t  m u l t i p o l e  e x p a n s i o n s .

Ca l c u l a t i o n s  w i l l  b e  p r e s e n t e d  f o r  d i s t a n c e s  >  t h o s e  i n  t h e i r  c o n d e n s e d  p h a s e s  a n d  f o r

d i f f e r e n t  a t t r a c t i v e  a n d  r e p u l s i v e  o r i e n t a t i o n s .  C o m p a r i s o n s  w i l l  b e  made be t ween  r e s u l t s

f rom b a s i s  s e t s  w i t h  a n d  w i t h o u t  p o l a r i z a t i o n  f u n c t i o n s .  L i m i t e d  r e s u l t s  s h o wi n g  t h e  e f f e c t

o f  a n  i n c r e a s e  i n  t h e  number  a n d  d i f f u s e n e s s  o f  p o l a r i z a t i o n  f u n c t i o n s  w i l l  b e  i n c l u d e d .  O u r

work  w i l l  b e  c o n t i n u e d  f o r  o t h e r  t y p e s  o f  s ma l l  mo l e c u l e s .



Bq A B  INITIO MCSCF AND MRD-CI CALCULATIONS OF THE TORSIONAL POTENTIAL ENERGY
SURFACE ABOUT THE N--N BOND IN FORMALDAZINE (2,3-DIAZA-1,3-BUTADIENE). V e r a  M. Ko lb ,
Maria M. Szczesniak, Cary F. Chabalowski, Abbott Laborator ies , Department 47E, Abbott  Park
North Chicago, I l l i n o i s ,  U.S.A. 60064

Certain opiates  agonis ts  and antagonis ts  c ontaining the az ine moiety  have been shown
to ex h ib i t  las t ing  a c t iv i t y ,  which has generated fu r the r  in te r es t  i n  ex plor ing the s tr uc ture
of formaldaz ine, es pec ia lly  the tor s ion angle about the N--N bond. A b  i n i t i o  MCSCF and CI
calculations  a t  several bas is  s e t  s izes  were performed i n  t h i s  s tudy  on formaldaz ine t o
produce a potent ia l energy sur face f o r  the tw is t ing  about the N--N bond. T h e  c alc ulat ions
show tha t  the ground s tate wavefunction cons is ts  o f  a t  leas t  two main c onfi gurat ion-s tate-
functions a t  every tor s ion angle s tudied. T h i s  o f fe r s  an explanation f o r  the f a i l u r e  o f
other theor et ic al s tudies  t o  fi n d  a  shallow, loc a l  minimum i n  the curve predic ted by
experiment t o  be a t  a tor s ion angle o f  approx imately  60

0  ( w i t h  t r a n s  p l a n a r  



a  10 P O I N T  GROUP SYMMETRY-ADAPTATION I N  CLIFFORD ALGEBRA UNITARY GROUP APPROACH

(CAUCA).  J o e - P a l d u s ,  J i n - Q u a n  Chen* ,  a n d  Me i - J u a n  Gao* ,  De p a r t me n t  o f A p p l i e d  Ma t h e ma t i c s ,

Un i v e r s i t y  o f  Wa t e r l o o ,  Wa t e r l o o ,  O n t a r i o ,  Canada  N 2 L  3G1.

The s y mmet ry  a d a p t a t i o n  p r o c e d u r e  f o r  t h e  UGA ( Ch e n  e t  a l .  S c i e n t i a  S i n i c a  2 3  ( 1 9 8 0 ) 1 1 1 6 ) ,

wh i c h  c a n  ac c oun t  f o r  t h e  i n v a r i a n c e  p r o p e r t i e s  o f  t h e  Ha mi l t o n i a n  w i t h  r e s p e c t  t o  a n y  fi n i t e

p o i n t  g r o u p  G,  i s  b o t h  mo d i fi e d  a n d  a d a p t e d  t o  t h e  CAUGA.

S t a r t i n g  f r o m a  s y mmet ry -adap t ed  o n e - e l e c t r o n  ( M O )  b a s i s I p

i
t he n . - d i m e n s i o n a l  i r r e p  o f  G ,  we  fi r s t  c o n s t r u c t  t h e  p u r e  c o n fi g u r a t i o n  ma n y - e l e c t r o n11
bas i s  I v . p . K . >  ,  a d a p t e d  t o  t h e  c h a i n  U ( n . )  D  G D G ( s ) ,  i n  t e r ms  o f  t h e  U ( n . )  G e l f a n d -

T s e t l i n  ( 6 1 1  i

b a s i s  I vd e fi n i n g  r e p r e s e n t a t i o n  o i  U ( n

ides igna t e  a  s ubg roup  c h a i n  o f  G .  T h e  p u r e  c o n fi g u r a t i o n  b a s i s I v

i
a re  t h e n  c o n s e c u t i v e l y  c o u p l e d  t o  t h e  d e s i r e d  G-adap t ed  s t a t e s  b y  u s i n g  h e  CG c o e f fi c i e n t s •

o f  G  , a n d  t o  t h e  U ( n 1 ) c  U( n

i  4 .  n 2 )  i n d u c t i o n  c o e f fi c i e n t s .  T h i s  B a s i s  c a n  b e  ex p r es s ed  i n  t e r ms  o f  t h e  U ( n )  G e l f a n d  b a s i s

by u s i n g  t h e  u n i t a r y  g r o u p  s u b d u c t i o n  c o e f fi c i e n t s  ( S DC) .  T h e  SDC a r e  p a r t i c u l a r l y

s imp le  f o r  t h e  h i g h e s t  we i g h t  s t a t e  (HWS),  wh i c h  c a n  b e  i n  t u r n  r e p r e s e n t e d  t h r o u g h  t h e  U ( 2

nt wo-box  Wey l  t a b l e a u x  o f  CAGUA. T h e  n o n  HWS's  a r e  o b t a i n e d  b y  a p p l y i n g  t h e  U ( n

i
i  =  1 , . . . , m  l o w e r i n g  g e n e r a t o r s  t o  t h e  HWS, I n  t h i s  way ,  we  o b t a i n  t h e  CAUGA G-adap t ed
b a s i s .

* )
Permanent  a d d r e s s :  P h y s i c s  De p a r t me n t ,  N a n j i n g  U n i v e r s i t y ,  Na n j i n g ,  P e o p l e ' s  Rep .  o f  Ch i n a .



E l e c t r o n i c  S t r u c t u r e  o f  t h e  Pb  De f e c t  a t  t h e  S i ( 1 1 1 ) / S i 0

2  I n t e r f a c e ,Mi c h a e l  COOK a n d  Ca r t e r  T .  WHI TE,  Code  6129 ,  U . S .  Na v a l  Res ea rc h  L a b o r a t o r y ,  Wa s h i n g t o n ,

D. C.  2 0 3 7 5  U S A

A s equenc e o f  c l u s t e r  mode l s  f o r  t h e  a mp h o t e r i c  P b  d a n g l i n g - b o n d  d e f e c t  ( S i 3 E E S i . )

have b e e n  s t u d i e d  b y  a l l - e l e c t r o n  SCF c a l c u l a t i o n s  u s i n g  t h e  s p i n - p o l a r i z e d  m u l t i p l e -

s c a t t e r i n g  Xa met hod.  T h e  l a r g e s t  s y s t em we c o n s i d e r  i s  t h e  7 3 - a t o m C 3

v( S i 2 2 H2 1 ) / (  Si6018H6),  a  mo d e l  f o r  a n  i s o l a t e d  P

b  c e n t e r  a t  t h e  S i  s i d e  o f  t h e  j u n c t i o n  i s  r e p r e s e n t e d  b y  a  r o u g h l y  h e mi s p h e r i c a l  f r a g me n t  o f  c r y s t a l l i n e

s i l i c o n .  T h e  s i l i c a  phas e i s  a  p u c k e r e d  d i t r i g o n a l  r i n g  o f  s i x  S iO4 t e t r a h e d r a ,  b o n d e d

t o  a  hex agon o f  S i ( 1 1 1 )  s u r f a c e  a t oms  s u r r o u n d i n g  t h e  c e n t r a l  Pb  d e f e c t .  S i m i l a r  s i x -

membered r i n g s  o c c u r  n a t u r a l l y  i n  t h e  t r i d y m i t e  a n d  c r i s t o b a l i t e  phas es  o f  s i l i c a .  T h e
s ur f ac e  o f  t h e  mo d e l  c l u s t e r  i s  s a t u r a t e d  b y  h y d r o g e n  a t oms .

O n e - e l e c t r o n  e n e r g i e s  a n d  o n e - e l e c t r o n  p r o p e r t i e s  a r e  c a l c u l a t e d  f r o m t h e  mo l e c u l a r

wa v e f u n c t i o n  and  c ompar i s ons  a r e  made w i t h  a v a i l a b l e  e x p e r i me n t a l  d a t a .  T h e  dependenc e o f

t he p r o p e r t i e s  o f  t h e  t r i v a l e n t  s i l i c o n  d e f e c t  o n  c l u s t e r  s i z e  i s  i n v e s t i g a t e d  b y  s i m i l a r

c a l c u l a t i o n s  o n  t h e  s equenc e o f  mo d e l  s y s t ems  S i H3 ,  S i 4 H9 ,  S i 1 3 H2 7 ,  a n d  S i22H27 ,  w h i c h

r e p r e s e n t  a n  i s o l a t e d  Pb  c e n t e r  o n  t h e  p r i s t i n e  S i ( 1 1 1 )  s u r f a c e .



131 F I F T H  ORDER CONSTANT DENOMINATOR PERTURBATION THEORY WITHIN THE

LOCALIZED BOND MODEL. J .  M.  CULLEN, Department o f  Ch e mist ry ,  U n i v e rs i t y  o f  Man itoba ,
Winnipeg, Man itoba ,  R3T 2N2, W. N.  LIPSCOMB, Department o f  Ch e mist ry ,  Ha rva rd  Un iv e rs i t y ,

Cambridge, MA 0 2 1 3 8 ,  M.  C .  ZERNER, Department o f  Ch e mist ry ,  U n i v e rs i t y  o f  F l o r i d a ,
G a in e sv i l le ,  FL  32611 and Guelph Waterloo  Ce n t re  f o r  Graduate Work i n  Ch e mist ry,
Un iv e rs i t y  o f  Guelph, Gue lph ,  O n t a r io ,  N1G 2W1.

A comple te  fi f t h  o rd e r  co n sta n t  denominator p e rt u rb a t io n  t re a tme n t  i s
de rived  f o r  t h e  l o c a l i z e d  bond model o f  Ma l r ie u ,  D in e r  and Cla ve r ie  [ J .  P .  Ma l r i e u ,  i n

Modern Th e o re t ica l  Ch e mist ry ,  V o l .  7 ,  S e mie mp irica l  Methods o f  E le c t ro n ic  S t ru c t u re

Ca lcu la t io n s,  Plenum Pre ss,  New Yo rk 1977].  E n e r g y  and wave f u n c t io n  a re  expressed
d i r e c t l y  i n  te rms o f  a n t isymme t rize d  mo le cu la r i n t e g ra l s  th ro u g h  t h e  use  o f  t h e  l i n k e d

c lu s t e r  d iag rammat ic re p re se n ta t io n .  T h e  r e s u l t  i s  a

3
t h i r d  and f o u r t h  o rd e r and wh ich  i s  p ro p o rt io n a l  t o  N ,  where  N i s  t h e  number o f  bonds

p resen t .  C a l c u l a t i o n s  a re  perfo rmed f o r  model cases where t h e  s t a r t i n g  ze ro  o rd e r

re fe rence  wave f u n c t io n  p o o r ly  d e scrib e s t h e  system. T h e s e  in c lu d e  s t ro n g ly  d e lo ca l ize d

systems such  as t h e  annulenes and h ig h l y  p o la r ize d  mo lecu les such  as me th y l iso cya n id e .
Molecules co n t a in in g  atoms h a vin g  mu l t i p l e  lo n e  p a i rs  where t h e  h y b r id iz a t io n  becomes
nonunique a re  a lso  in ve s t ig a t e d .  R e s u l t s  a re  computed a t  t h e  PPP and CNDO/2 se mie mp ir ica l
le ve ls  where comparisons ca n  be e co n o mica lly  made t o  f u l l  C I  so lu t io n s .



la 13 Q U A N T U M  MECHANICAL CALCULATIONS ON THE EXCITED STATES OF
OXAZIRIDINE. Cynthia Darling, Joe BelBrtmo, and Robert Ditchfield, Department of Chemistry, Dartmouth
College, Hanover, New Hampshire 03755 U.S.A.

Ab initio molecular orbital calculations with basis sets ranging from minimal to split-valence plus
polarization have been employed to study the equilibrium geometry of oxaziridine and several methyl-substituted
oxazirldines. Ionization potentials were calculated at several levels and compared with experiment where possible.
First order configuration interaction was used to calculate singlet and triplet excited state energies, dipole transition
moments, and oscillator strengths relative to a single reference ground state determinant. To describe Rydberg
states, the basis sets were extended by the addition of very diffuse functions. The calculated relative orderings of
valence and Rydberg excited states in substituted oxaziridines have been used to facilitate an interpretation of the
MPI spectrum of N-isopropyl dimethyl oxaziridine. In  addition, an analysis of the calculated electronic structures
for low-lying excited states has been used in an attempt to gain insight into the nature of the two dissociation
channels which BelBnmo et al. observed when N-isopropyl dimethyl oxaziridine is photolysed.



B 14 M A X I M A L L Y  ORTHOGONAL BOND DIRECTED HYBRID ATOMIC ORBITALS AS AN AID IN
THE VISUALIZATION OF MOLECULAR ORBITALS. J o h n  Downing, Department o f  Chemistry,
Univers ity  o f  Utah, S a l t  Lake C it y ,  Utah 84112 U . S. A.

The form o f  the molecular  o r b i t a ls  produced by  c alc ulat ions  us ing minimal bas is  s ets
is  s t r ongly  dependent on the or ienta t ion o f  the molecule w ith  respec t t o  the Cartes ian
coordinate system i n  which the molecular  geometry i s  s pec ifi ed. T h i s  leads  t o  d i f fi c u l t y
and unc er tainty  i n  the  in ter pr e ta t ion  o f  the r es ults  i n  qua l i t a t iv e  terms, pa r t ic u la r ly
in the  absence o f  molecular  symmetry which prov ides  a  "natur a l"  choice f o r  the coordinate
system. F o r  example, even the c las s ifi c at ion  o f  molecular  o r b i t a ls  as  hav ing p i  o r  sigma
symmetry i n  ethy lene can be an arduous tas k  i f  the C=C bond does no t  l i e  i n  a coordinate
plane. T h i s  problem can be a l lev ia ted  by  expressing the molecular  o r b i t a ls  i n  terms o f
hybrid atomic  o r b i t a ls  on each atom which conform t o  the loc a l symmetry a t  t ha t  atom.
Such hybr ids  are t y p ic a l ly  dir ec ted,  f o r  example, along bonds, perpendicular  t o  bond
planes, o r  along pyramid axes. A l t hough  these hybr ids  cannot i n  general be made s t r i c t l y
orthogonal, t h e i r  non-or thogonality  can be minimized by  a s u itab le  choice o f  the s - o r b i ta l
f r ac t ion f o r  each hy br id.  A n  algor ithm f o r  the automatic  cons truc tion o f  such hybr ids
given only  the minimal bas is  s e t  over lap matr ix ,  molecular  o r b i ta ls  i n  terms o f  the minimal
basis s e t ,  and the molecular  geometry i s  presented along w ith  several examples o f  the
r es ult  o f  i t s  app lic a t ion.



B  Z  F O R M Y L  QUANTUM CHEMISTRY: GEOMETRIES, VI BRATI ONAL FREQUENCIES,

ELECTRONIC DI STRI BUTI ONS,  AND UNIMOLECULAR REACTIONS OF HCOX ( X  =  -CCH,  - CN,  - N C ) .

John D.  Godda r d ,  G u e l p h - Wa t e r l o o  Ce n t r e  f o r  G r a d u a t e  Work  i n  Ch e mi s t r y ,  De p a r t me n t  o f

Chemis t r y  and  B i o c h e mi s t r y ,  U n i v e r s i t y  o f  G ue l ph ,  G u e l p h ,  O n t a r i o ,  CANADA N1G 2W1.

Ab i n i t i o  quant um c h e mi c a l  c a l c u l a t i o n s  h a v e  b e e n  emp loy ed  i n  a  d e t a i l e d  e x a mi n a t i o n

o f  s e v e r a l  f o r m y l  c ompounds :  p r o p y n a l ,  HCOCCH; f o r my l c y a n i d e ,  HCOCN; a n d  f o r my l i s o c y a n i d e ,

HCONC. H F / 3 - 2 1 G ,  HF/ 6 - 3 1 G *  a n d  MP3/ 6-31G*  g e o me t r i e s  hav e  b e e n  o p t i m i z e d .  T h e  r e s u l t s

f o r  p r o p y n a l  a r e  c ompared w i t h  e x p e r i me n t  a n d  e m p i r i c a l  s c hemes  f o r  t h e  s c a l i n g  o f

r o t a t i o n a l  c o n s t a n t s  t o  y i e l d  b e t t e r  p r e d i c t i o n s  f o r  u s e  b y  mic rowav e  s p e c t r o s c o p i s t s  a r e

ex amined.  T h e  p r e d i c t e d  r o t a t i o n a l  c o n s t a n t s  f o r  g r o u n d  s t a t e  f o r my l c y a n i d e  a n d

f o r my l i s o c y a n i d e  s h o u l d  a i d  i n  t h e  d e t e c t i o n  o f  t h e s e  a s  y e t  u n c h a r a c t e r i z e d  s p e c i e s .

V i b r a t i o n a l  f r e q u e n c i e s  a t  t h e  3 - 2 1 G  SCF a n d  6 -31G*  SCF c o mp u t a t i o n a l  l e v e l s  we r e  a l s o

de t e rmined .  I n  c o n t r a s t  t o  many  mo l e c u l e s ,  c e r t a i n  v i b r a t i o n a l  modes  i n  p r o p y n a l ,  a n d  b y

i n f e r e n c e  f o r y ml c y a n i d e  a n d  f o r my l i s o c y a n i d e  a r e  s i g n i fi c a n t l y  b e t t e r  d e s c r i b e d  b y  t h e  6 -

31G* b a s i s  a s  oppos ed t o  t h e  3 - 2 1 G  s e t .  D i p o l e  moment s ,  M u l l i k e n  a n a l y s e s ,  a n d  e l e c t r o n

d e n s i t y  c o n t o u r  p l o t s  p r o v i d e  i n f o r m a t i o n  o n  t h e  e l e c t r o n i c  d i s t r i b u t i o n s  i n  t h i s  s e r i e s .

o f  mo l e c u l e s .  P r e l i m i n a r y  s t u d i e s  o f  t h e  g r o u n d  s t a t e  u n i mo l e c u l a r  d i s s o c i a t i o n s  w i l l

a l s o  b e  p r e s e n t e d .
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MULTICONFIGURATIONAL SPIN TENSOR ELECTRON PROPAGATOR (MCSTEP)
• I O N I Z A T I O N  POTENTIALS FOR GENERAL OPEN SHELL SYSTEMt

Joseph T.  Go la b  and  Danny L .  Ye a g e r

Chemist ry Department

Texas A&M U n i v e r s i t y

Co llege S t a t io n ,  Te xa s 77843

U.S.A.

We have deve loped  a  mu l t i c o n fi g u ra t i o n a l  s p i n  t e n s o r  e l e c t r o n  p ro p a g a t o r
(MCSTEP) t e c h n i q u e  f o r  t h e  t h e o re t i c a l  d e t e rmin a t io n  o f  i o n i z a t i o n  p o t e n t ia ls

(I P ) f o r  g e n e ra l  open s h e l l  and  h i g h l y  c o r re la t e d  a to mic  and  mo le cu la r s y s t e ms .

I n  o r d e r  t o  a ch ie ve  t h i s ,  we  have used  and extended t h e  g e n e ra l ize d  s p in  t e n so r
methods o f  Rowe a n d  Ngo-Trong f ro m n u c le a r p h ys ics .  T o  p r o p e r l y  a c c o u n t  f o r

c o r re l a t i o n  e f f e c t s ,  w e  h a v e  a d d i t i o n a l l y  in c lu d e d  t e n so r co u p le d  i o n i z a t i o n
p o t e n t ia l  and  e le c t ro n  a f fi n i t y  o p e r a t o r s  a n a lo g o u s  t o  t h e  s t a t e  t r a n s f e r

o p e ra to rs n e c e s s a ry  i n  m u l t i c o n fi g u r a t i o n a l  l i n e a r  re s p o n s e .  T h e s e  MCSTEP

re s u l t s  a re  e x t re me ly  encourag ing  f o r  b o t h  p r i n c i p a l  and  shake-up  I P s .  MCS TE P
io n iz a t io n  p o t e n t i a l s  a n d  i o n i z a t i o n  p ro ce ss p r o b a b i l i t i e s  have  been e va lu a te d

f o r  F2 ,  0 2 ,  a n d  NH2 and have been used t o  c a r r y  o u t  d e t a i l e d  e x a min a t i o n  a n d

in t e rp re t a t i o n  o f  t h e  r e s p e c t i v e  P E S  o r  ESCA sp e c t ra .  F o r  F2  and NH2, t h e
MCSTEP i o n i z a t i o n  p o t e n t i a l  r e s u l t s  a r e  co mp a re d  t o  o t h e r  l a r g e  s c a l e

t h e o re t i c a l  me t h o d s  u s i n g  t h e  s a me  b a s i s  s e t  and  a t  t h e  same geome try.  I n

a d d i t io n ,  t h e  PES o f  F2  b e lo w 30 eV and  o f  NH2 be low 16 eV were  n o t  p r e v i o u s l y
w e l l  c h a r a c t e r i z e d  e x p e r i me n t a l l y  e x c e p t  f o r  a  f e w  o f  t h e  lo we s t  p r i n c i p a l

peaks. A p p a r e n t l y  no  r e l i a b l e  s p e c t ra  have been re p o rt e d  f o r  h i g h e r  e n e r g i e s .

We r e p o r t  a n d  ch a ra c t e r ize  s e v e ra l  I P s  i n  F2  and NH2 between 0 -4 0  eV i n c lu d in g
se ve ra l I P s  t h a t  have n o t  a s y e t  been a ssig n e d  e xp e rime n t a l ly .



T h e o r e t i c a l  S t u d i e s  o f  t h e  E l e c t r o n i c  a n d  G e o m e tr i c  S t r u c t u r e

o f  S m a l l  P o l y a t o m i c  C a t i o n s  C o n t a i n i n g  S c .

A.E .  A l v a r a d o -S w a i s g o o d ,  A .  M a v r i d i s ,  a n d  J . F .  H a r r i s o n ,  D e p a r tm e n t  o f

Che m i s tr y ,  M i c h i g a n  S t a t e  U n i v e r s i t y ,  E .  L a n s i n g ,  M I  4 8 8 2 4 -1 3 2 2 .

Recent t h e o r e t i c a l  r e s u l t s  o n  t h e  i n t e r a c t i o n  o f  S c  w i t h  H ,  C H ,  C H 2 ,

CH3 a n d  CO w i l l  b e  p r e s e n t e d .  I n  p a r t i c u l a r  t h e  e l e c t r o n i c  a n d  g e o m e t r i c

s t r u c t u r e  a n d  t h e  n a t u r e  o f  t h e  t r a n s i t i o n  e l e m e n t -m a i n  g r o u p  e l e m e n t  b o n d ,

as p r e d i c t e d  b y  MCSCF a n d  MCSCF-1-14-2 c a l c u l a t i o n s  w i l l  b e  d i s c u s s e d  a n d

compared t o  a v a i l a b l e  e x p e r i m e n t a l  d a t a  a n d  p r e v i o u s  c a l c u l a t i o n s .



STRUCTURE AND ENERGETICS OF S i H

n(3 18  H .  B e r n h a r d  S c h l e g e l ,  De p a r t me n t  o f  Ch e mi s t r y ,  Way ne S t a t e  U n i v e r s i t y ,

D e t r o i t ,  M i c h i g a n  48202 ,  U. S . A .

The e q u i l i b r i u m  g e o me t r i e s  o f  S i l l

nHF/ 6-31G*  l e v e l s .  T h e  s t r u c t u r e s  o f  S i  H

nbu t  S i 1 1 4

1 -bes t  d e s c r i b e d  a s  c omplex es  be t ween  hy d rogen  a t o m and S i H

na d i a b a t i c  i o n i z a t i o n  e n e r g i e s  we r e  c a l c u l a t e d  a t  t h e  MP4/ 6-31G* *  l e v e l .  C o r r e l a t i o n  c o r r e c -

t i o n s  a r e  r e l a t i v e l y  u n i mp o r t a n t  f o r  t h e  i o n i z a t i o n  p o t e n t i a l s  o f  t h e  r a d i c a l s ,  b u t  mak e a

s i g n i fi c a n t  c o n t r i b u t i o n  t o  t h e  i o n i z a t i o n  p o t e n t i a l s  o f  t h e  c l o s e d  s h e l l  s p e c i e s ,  S i H

nn +  m =  2 , 4 .



i q C O N F I G U R A T I O N  INTERACTION STUDIES OF ATMOSPHERIC COMPLEX HC102.  J a w e d  A .
J a f r i ,  O l d  Do mi n i o n  U n i v e r s i t y  Res ea rc h  Fo u n d a t i o n ,  N o r f o l k ,  V i r g i n i a  23508,  a n d  D o n a l d  H.

P h i l l i p s ,  NASA L a n g l e y  Res earc h  Ce n t e r ,  Hampt on,  V i r g i n i a  23665 -5225 .

The t wo  p r i n c i p a l  r a d i c a l s  HO a n d  110

2 p l a y  a  s p h e r i c  c h e mi s t r y .  T h e y  t a k e  p a r t  i n  s e v e r a l  c a t a l y t i c  c y c l e s  r e s p o n s i b l e  f o r  t h e  r e mo v a l

o f  o d d  ox y gen .  T h e y  a r e  i n v o l v e d  i n  many  i mp o r t a n t  c o u p l i n g  r e a c t i o n s  e . g .  H 0

2  +  N O  w tOH +  N O 2.  T h e y  unde r go  a s s o c i a t i o n  r e a c t i o n s  t h a t  f o r m  mo d e r a t e l y  s t a b l e  r e s e r v o i r

compounds s u c h  a s  HNO

3 a n d  and t h e r e b y  remov e t h e m b e f o r e  t h e y  may  b e  t r a n s p o r t e d  t o  t h e  s t r a t o s p h e r e .

Re s u l t s  o n  t h e  c omplex es  o f  HO w i t h  C10 a n d  1102 w i t h  C l  t o  f o r m  ClOOH w i l l  b e  p r e s e n t e d .
GVB c a l c u l a t i o n s  o n  ClOOH c omp lex  p r e d i c t  s t a b i l i t y  w i t h  r e s p e c t  t o  C10 and  HO f r a g me n t s .

Co n fi g u r a t i o n  i n t e r a c t i o n  s t u d i e s -  ( fi r s t  o r d e r  and  s e l e c t e d  s i n g l e s  a n d  d o u b l e s )  t o  d e s c r i b e

t he  b i n d i n g  w i t h  r e s p e c t  t o  v a r i o u s  f r a g me n t s ,  t h e  e q u i l i b r i u m  geome t r y  and  t h e  p o t e n t i a l

r o l e  i n  t h e  c h e mi s t r y  o f  t h e  a t mos phere  w i l l  b e  p r e s e n t e d .  T h e  MCSCF a n d  C I  r e s u l t s  w i l l

be c ompared a n d . t h e  e f f e c t  o f  c o r r e l a t i o n  e n e r g y  t r e a t me n t s  o n  t h e  p r o p e r t i e s  p r e d i c t e d  f o r

t he ClOOH c omp lex  w i l l  b e  d i s c u s s e d .
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MC SCF C a l c u l a t i o n  o f  E l e c t r o n i c  T r a n s i t i o n s  i n  some

T r a n s i t i o n  M e t a l  Complex es

Helge J ohans en

Chemic al P h y s i c s ,  C h e m is t r y  D epar tment  B ,  DTH 301

The T e c h n i c a l  U n i v e r s i t y  o f  Denmark ,  DK- 2800 Ly ngby

Denmark

2-
MC SCF c a l c u l a t i o n s  hav e  b e e n  p e r f o r me d  f o r  t h e  CoC2,

4 a n dV O ( H

2v a r ious  mo d e l  s u r r o u n d in g s .  CoC9.

4 i s  i o n i c  and t h e  t w o  s y s tems  t h e r e f o r e  c o v e r  t h e  r a n g e  o f  c h e m ic a l
2-

b i n d i n g .  T h e  C o C t

4  i o n  a Cs3CoCZ5 c r y s t a l  i n  o r d e r  t o  i n v e s t i g a t e  t h e  s i g n i fi c a n c e

o f  t h e  Made lung p o t e n t i a l .  O n l y  t h e  d - d  t r a n s i t i o n s  hav e  b e e n

s t u d ie d ,  a n d  t h e  c or r es pondenc e w i t h  e x p e r im e n t  i s  e x c e l l e n t .



ABSTRACT

given.

ELECTRONIC STATES OF NS/NS

+ A N D  S i F /
OBTAINED BY CI  METHODS

S. P .   KARNA and F.  GREIN

Department o f  Ch e mist ry
Un iv e rs i t y  o f  New Brunswick

Fre d e ric to n ,  NB
E3B 6E2

Using doub le  ze t a  p lu s  p o la r i z a t i o n  and Rydberg b a s is  f u n c t io n s ,

p o t e n t ia l  cu rve s f o r  lo w l y i n g  va lence  and Rydberg s t a t e s  o f  NS and S i?  have

been ob ta ined  b y la rg e  sca le  mu l t i re f e re n ce  s i n g le  and doub le  e x c i t a t i o n  c o n fi g -

u ra t io n  i n t e ra c t i o n  (MRD C I )  methods. B e s i d e s  t h e  lo we s t  2 Z+ s t a t e s  o f  NS and

Si? ,  a s  d iscussed  e a r l i e r  [ S .  P .  Ka rna  and F.  G re in ,  I n t .  J .  Quantum Chem. 2 9 ,

755 (1 9 8 6 )1 ,  t h e  lo we s t  4 H s t a t e  o f  S i?  i s  p re d ic t e d  t o  bd  a  " se mid i f f u se "

sta te .  C a l c u l a t e d  sp e ct ro sco p ic  co n sta n ts,  g e n e ra l l y  b e t t e r  th a n  ob ta ined  i n

o the r t h e o re t i c a l  s t u d ie s ,  f o r  b o th  t h e  mo lecu les a re  i n  v e ry  good agreement

w i t h  t h e  expe rimen t .  Co mp a riso n  w i t h  t h e  i s o e le c t ro n i c  PO mo lecu le  shows t h a t

the e le c t ro n ic  spect rum o f  NS i s  c lo s e r  t o  PO th a n  S i? .  S e v e r a l  h i t h e r t o

unknown d o u b le t  and q u a rt e t  s t a t e s  o f  S i?  a re  p re d ic t e d .  A  t h e o re t i c a l  e xp la n a -

t io n  f o r  t h e  p re d isso c ia t io n  observed i n  t h e  C2Z+ (2 31+)  s t a t e  o f  NS w i l l  be

+
Severa l l o w - l y i n g  e x c i t e d  s t a t e s  o f  NS a n d  S i?  h a v e  been s tu d ie d .

Desp ite  t h e i r  be ing  i s o e le c t ro n i c ,  a  marked d i f f e re n ce  i n  t h e  e le c t ro n ic  sp e c-

t rum o f  th e se  t e n  e le c t ro n  systems i s  found .  Wh e re a s  many s t a t e s  s t u d ie d  f o r
1 +

NS h a v e  been found  t o  be  s t a b le ,  i n  S i? ,  e xce p t  f o r  t h e  lo we s t  I  a n d  3 H, a l l

sta te s a re  e i t h e r  me ta sta b le  o r  re p u ls ive .  I n t e r e s t i n g l y ,  t h e  e le c t ro n ic

spectrum o f  NS s h o ws  a  s t r i k i n g  s i m i l a r i t y  t o  th o se  o f  N

2  a n d  P N  m o l e c u l e s  
a syste ma t ic  t re n d  i n  t h e  Te o f  e le c t ro n i c  s t a t e s  i s  found  i n  go ing  f ro m N

2  t oNS t o  PN.

P o t e n t ia l  ene rgy cu rve s and ca lcu la t e d  sp e ct ro sco p ic  co n sta n ts a lo n g

wi t h  t h e  io n i z a t io n  p o t e n t ia ls  o f  t h e  n e u t ra l  mo lecu les w i l l  be  g ive n .



242, T H E  SELF-INTERACTION CORRECTED GENERALIZED EXCHANGE LOCAL SPIN DENSITY-
FUNCTIONAL THEORY. S .  Manoli and M.A. Whitehead, Department o f  Chemistry, McG ill Univ er s ity
801 Sherbrooke St .  West, Montreal, Quebec, CANADA H3A 2K6

A loc al s p in  dens ity - func t ional scheme w ith  generalized exchange, the  LSD GX scheme,
has been developed based on c or rec t normalization c ondit ions  f o r  an elec tron gas around 4
nucleus o f  charge Z. T h e r e  are no adjus table parameters; the  parameters B

lare cons tant f o r  a l l  atoms once the shape o f  the Fermi ho le  i s  chosen. T hes e Oarameters
are r igor ous ly  c alc ulated without  assuming an approximate shape f o r  the Fermi ho le
c or relat ion fac to r .  T h e  exchange dens ity  us ing t h is  unspec ified Fermi c or r e la t ion  fac tor
reduces ex ac t ly  t o  the homogeneous f r ee  elec tron gas exchange dens ity  a t  the high elec tron
density  l i m i t  ( 1 ) .

The LSD GX exchange dens ity  i s  correc ted f o r  s e lf - in te r ac t ion  by  s p l i t t i n g  the Fermi
hole in t o  s e lf - in te r ac t ion  and pure-exchange holes . T h e  theor et ic al r e la t ions h ip  between
this  new GX-SI scheme and other  s e lf - in te r ac t ion  correc ted schemes c ur rent i n  the  l i t e r a t u r e
is  discussed and, c alc ulat ions  us ing these schemes are compared w it h  each other .

(1) S.  Manoli and M.A. Whitehead, submitted f o r  public at ion.



2 b  C O M P O S I T E  NATURAL ORBITALS FOR ELECTRON CORRELATION IN LARGE SYSTEMS.
Yuichi Yamamoto, Takeshi Noro, and Kimio Ohno, Department o f  Chemistry, Hokkaido
Univers ity , Sapporo, 060, Japan

A new device o f  cons truc ting approximate natural o r b i t a ls  (NO's) i s  proposed. T h e s e

or b ita ls  a r e  ex pec ted t o  be us eful i n  c onfi gurat ion in te r ac t ion  (CI)  c alc ulat ions  o f  a

large system which i s  regarded as  c ons is t ing o f  fragments. I t  i s  w e l l  known t h a t  conver-

gence o f  C I  depends  o n  an o r b i t a l  s e t  from which c onfi gur a t ion  s t a t e  f u n c t io n s  a r e

created. A  way o f  cons truc ting approximate NO's from NO's o f  fragments i s  proposed. T h e

usefulness o f  the composite NO's i s  demonstrated on C

4Exc itation ev er g ies  c alc ulated by  s ing le  and double CI  w ith  the truncated composite NO 's

of ( 1 4 a ,  8 m c o r r e la t in g  o r b ita ls )  agree w ith in  0.2 eV w ith  those c alc ulated w ith  a f u l l

o r b ita l s e t  (37er, 1 2  c or r e lat ing o r b i t a ls ) ,  w h i le  the truncated SCF MO's o f  the same s iz e

as the composite NO's gave disas trous  ex c ita t ion energies .
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1

Lars G.M. Pettersson, Charles W. Bauschlicher and Timur Halicioglu

Abstract

Structure and Stability of Small and Medium Size

Beryllium and Aluminum Clusters. A  Theoretical Study.

NASA Ames Research Center

Moffett Field, Ca 94035

The structure and stability of small Al „ clusters (n=2,3,4,5,13) has been

investigated using ab initio quantum chemical techniques. Inclusion of polariza-

tion functions (one or two sets of d functions on each center) is found to be more

important than correlation for the geometry of the clusters. I n  addition, the d

functions improve the dissociation energies substantially, both at the self-consistent

field (SCF) and configuration interaction (CI) levels of approximation. Low-lying,

two-dimensional structures are found even for A1

1 3nar structure is only 1.3 eV higher in energy than the icosahedral lowest-energy

geometry. The structures studied were suggested from dynamics simulations using

a semi-empirical potential incorporating both two- and three-body forces. Accu-

rate ab initio calculations on diatomic and triatomic systems will in turn be used

to obtain reliable potentials, in particular for interactions between different types

of atoms.

Neither for A1

1 3  n o r  bulk (Al fcc and Be hcp). For B e

nneighbors, the fcc structure is 1 eV lower than hcp. Extending the B e

n  c l u s t e r  b ythe nearest neighbors of the outer shell yields Be

ssthe stabilities of the fcc and hcp structures. The fcc structure is still lower than

the bulk hcp, but the difference per atom is substantially reduced. The dissociation

energy per atom is substantially larger in Be

5 5same as for B e

nthe large s-p hybridization in the clusters.

1



2 5 -  C O N D U C T I O N  BAND STRUCTURE OF SOLID ARGON AND XENON
by P .  P l e n k i e w i c z ,  B .  P l e n k i e w i c z  a n d  J . - P .  J a y - G e r i n ,  De p a r t me n t  o f

Nu c l e a r  Me d i c i n e  a n d  Ra d i o b i o l o g y ,  F a c u l t y  o f  Me d i c i n e ,  U n i v e r s i t y  o f  S h e r b r o o k e ,  S h e r b r o o k e ,

Quebec,  Canada ,  J 1 H 51\14.

The e l e c t r o n i c  c o n d u c t i o n - b a n d  s t r u c t u r e s  o f  s o l i d  a r g o n  a n d  x enon  has  b e e n  c a l c u l a t e d  w i t h

t he Augment ed P l a n e  Wave Met hod  u s i n g  a  n e wl y - d e v e l o p e d  n o r m- c o n s e r v i n g  p s e u d o p o t e n t i a l s  f o r

Ar  a n d  Xe .  T h e  h i s t o g r a m o f  t h e  c o n d u c t i o n - b a n d  d e n s i t y  o f  s t a t e s  (DOS)  h a s  b e e n  o b t a i n e d

and c ompared t o  t h a t  r e s u l t i n g  f r o m  t h e  a n a l y s i s  o f  l o w- e n e r g y  e l e c t r o n  t r a n s mi s s i o n  e x p e r i -

ment s .  A  r e a s o n a b l e  ag reemen t  h a s  b e e n  f o u n d  be t ween  b o t h  DOS s p e c t r a  wh i c h  p e r mi t s  t o  g i v e

a p h y s i c a l  i n t e r p r e t a t i o n  o f  t h e  max ima a n d  mi n i ma  obs e r v ed  i n  e l e c t r o n  t r a n s mi s s i o n  e x p e r i -
ment s .



B a t .  A B  I N I T I O  S E L F-CONS IS TE NT-FIE L D APPROACH TO  MOLECULAR SOL IDS

UNDER PRESSURE: MO L E CUL A R ORBITAL  EFFE CTIVE  P O TE NTI A L S . *  S u s a n n e  R a y n o r ,

De p a r t me n t  o f  C h e m i s t r y ,  R u t g e r s  U n i v e r s i t y ,  N e w a r k ,  N J  0 7 1 0 2  U . S . A

T r a d i t i o n a l  t h e o r e t i c a l  a p p r o a c h e s  t o  t h e  s t u d y  o f  m o l e c u l a r  s o l i d s  h a v e
u se d  m o d e l s  b a s e d  o n  s i m u l a t i o n  w i t h  fi n i t e  c l u s t e r s  o f  m o l e c u l e s  o r  h a v e

i n v o l v e d  t h e  u s e  o f  p a i r  p o t e n t i a l  a p p r o a c h e s .  N e i t h e r  i s  a p p r o p r i a t e  f o r

mo d e l i n g  s o l i d s  u n d e r  p r e s s u r e :  u n l e s s  a  t r e me n d o u s  n u mb e r  o f  m o l e c u l e s  a r e
i n c l u d e d  i n  t h e  c l u s t e r ,  t h e  c l u s t e r  m o d e l  l a c k s  t h e  l o n g  r a n g e  m o l e c u l a r

i n t e r a c t i o n s  n e c e s s a r y  t o  s t u d y  e v e n t s  o c c u r r i n g  i n  t h e  i n t e r i o r  o f  t h e
c r y s t a l ;  a n d  t h e  p a i r  p o t e n t i a l  a p p r o a c h  b r e a k s  d o wn  a t  p r e s s u r e s  h i g h  e n o u g h

t o  ma k e  ma n y -b o d y  i n t e r a c t i o n s  i m p o r t a n t .  O u r  a p p ro a c h  t a k e s  ma x imu m
a d va n t a g e  o f  t h e  c r y s t a l  p e r i o d i c i t y  a n d ,  i n  s o  d o i n g ,  l e a d s  t o  a  c o n v e n i e n t

p a r t i t i o n i n g  o f  t h e  c r y s t a l  e n e r g y .  M o l e c u l a r  r e a c t i o n s  a n d  i n t e r a c t i o n s  c a n
t h e n  b e  s t u d i e d  d i r e c t l y ,  w i t h  a l l  ma n y -b o d y  i n t e r a c t i o n s  i n c l u d e d .  I n  t h i s

p a p e r ,  w e  w i l l  d i s c u s s  t h e  d e v e l o p m e n t  o f  m o l e c u l a r  o r b i t a l  e f f e c t i v e  p o t e n -

t i a l s  u s e f u l  i n  t h e  a p p l i c a t i o n  o f  o u r  me t h o d .

* S u p p o r t e d  b y  R u t g e r s  U n i v e r s i t y  R e s e a r c h  G r a n t  # 2 -0 2 2 9 1 .



POTENTIAL ENERGY CURVES USING UNRESTRICTED MOLLER-PLESSET PERTURBATION

e 2 1  T H E O R Y  WI TH SPI N ANNI HI LATI ON.  H .  B e r n h a r d  S c h l e g e l ,  De p a r t me n t  o f

Chemis t r y ,  Way ne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  M i c h i g a n  48202 ,  U. S . A .

Un r e s t r i c t e d  Ha r t r e e - Fo c k  a n d  u n r e s t r i c t e d  MS 1 l e r - P l e s s e t  p e r t u r b a t i o n  t h e o r y  a r e

c onv en ien t  met hods  t o  c omput e  p o t e n t i a l  e n e r g y  c u r v e s  f o r  bond  d i s s o c i a t i o n ,  s i n c e  t h e s e

methods  a p p r o a c h  t h e  c o r r e c t  d i s s o c i a t i o n  l i m i t .  U n f o r t u n a t e l y ,  a  s p i n  u n r e s t r i c t e d  wav e

f u n c t i o n  c a n  c o n t a i n  l a r g e  c o n t r i b u t i o n s  f r o m  unwant ed s p i n  s t a t e s  t h a t  c a n  d i s t o r t  t h e

p o t e n t i a l  e n e r g y  s u r f a c e  s i g n i fi c a n t l y .  T h e  s p i n  c o n t a mi n a t i o n  c a n  b e  remov ed b y  p r o j e c t i o n

o r  a n n i h i l a t i o n  o p e r a t o r s .  A s  i s  w e l l  k nown,  t h e  s p i n  p r o j e c t  u n r e s t r i c t e d  Ha r t r e e - Fo c k

bond d i s s o c i a t i o n  c u r v es  h a v e  a  l a r g e  k i n k  a t  t h e  o n s e t  o f  t h e  UHF/ RHF i n s t a b i l i t y  a n d  a

s p u r i o u s  min imum j u s t  bey ond.  H o w e v e r ,  t h e  s p u r i o u s  min imum d i s a p p e a r s  a n d  t h e  k i n k  i s  v e r y

much l e s s  p ronounc ed  a t  t h e  u n r e s t r i c t e d  M0 1 1 e r - P l e s s e t  l e v e l  w i t h  s p i n  p r o j e c t i o n .  B o n d

d i s s o c i a t i o n  p o t e n t i a l s  f o r  L i l l  and  CH4 a r e  c omput ed a t  t h e  f o u r t h  o r d e r  MS 1 l e r - P l e s s e t

l e v e l  p l u s  s p i n  p r o j e c t i o n .  G o o d  ag r eemen t  was  f o u n d  w i t h  f u l l  C I  a n d  MR-CI SD c a l c u l a t i o n s ,

Ot her  ex amplos  i n c l u d e  r a d i c a l  a d d i t i o n s ,  a b s t r a c t i o n  r e a c t i o n s  a n d  f o r ma t i o n  o f  d i r a d i c a l s .



CALCULATED BARRIER HEIGHTS FOR OH +  C2Hx  ( X  =  2 , 4 )  USI NG UNRESTRICTED

8  a  M O L L E R - P L E S S E T  PERTURBATION THEORY WI TH SPI N ANNI HI LATI ON.  C .  S o s a  a n d

H. B e r n h a r d  S c h l e g e l ,  De p a r t me n t  o f  Ch e mi s t r y ,  Way ne S t a t e  U n i v e r s i t y ,  D e t r o i t ,  M i c h i g a n

48202,  U. S . A .

The r e a c t i o n  o f  OH r a d i c a l  w i t h  C2H2 a n d  C2H4 has  b e e n  s t u d i e d  u s i n g  a b  i n i t i o  mo l e c u -

l a r  o r b i t a l  t e c h n i q u e s .  R e a c t a n t s ,  l o o s e  c l u s t e r s ,  t r a n s i t i o n  s t r u c t u r e s ,  a n d  i n t e r me d i a t e

r a d i c a l s  we r e  o p t i m i z e d  a t  HF/ 3 -21G and  HF/ 6 -31G*  l e v e l s .  T h e  b a r r i e r  h e i g h t s  hav e  been

computed u s i n g  u n r e s t r i c t e d  Ha r t r e e - Fo c k  and  Mv i l l e r - P l e s s e t  p e r t u r b a t i o n  t h e o r y  u p  t o  f o u r t h

o r d e r  i n c l u d i n g  s i n g l e ,  d o u b l e ,  a n d  q u a d r u p o l e  e x c i t a t i o n s .  S p i n  c o n t a mi n a t i o n  o f  t h e  UHF

wa v e f u n c t i o n  has  b e e n  c o r r e c t e d  b y  a n n i h i l a t i n g  t h e  l a r g e s t  a n d  h i g h e r  s p i n  c o n t a mi n a n t s .

The v i b r a t i o n a l  f r e q u e n c i e s  we r e  c omput ed u s i n g  a n a l y t i c a l  g r a d i e n t  met hods  a t  t h e  HF/ 3 -21G

l e v e l .  T h e  b a r r i e r  h e i g h t  f o r  t h e s e  r e a c t i o n s  a r e  o v e r e s t i ma t e d  a t  t h e  MP2,  MP3,  a n d  MP4

l e v e l s .  S i n g l e  a n n i h i l a t i o n  o f  t h e  l a r g e s t  s p i n  c o n t a mi n a t i o n  l o we r s  t h e  b a r r i e r  h e i g h t  b y

4 -  1 0  k c a l / mo l  f o r  b o t h  s y s t ems  a n d  i n c r e a s e s  t h e  C- 0  bond  d i s t a n c e  b y  c a .  0 . 2  A .
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?  S CHRO DI NG E R E Q U A T I O N .  C . C .  T a i  a n d  S . R .  V a t s y a ,  C e n t e r  f o r
R e s e a r c h  i n  E x p e r i m e n t a l  S p a c

-K e e l e  S t . ,  N o r t h  Y o r k ,  O n t a r i o .  M 3 J  1 P 3

A m e t h o d  p r o p o s e d  b y  S . R .  S i n g h ( 1 9 8 1 )  f o r  c o m p u t i n g

c o n v e r g i n g  l o w e r  b o u n d s  t o  a t o m i c  e i g e n e n e r g i e s  i s  b r i e fl y

r e v i e w e d ,  a n d  a  p a r a l l e l  m e t h o d  f o r  d e t e r m i n i n g  c o n v e r g i n g  u p p e r

b o u n d s  i s  e x p l o r e d .  B o t h  m e t h o d s  r e q u i r e  t h e  H a m i l t o n i a n  i n

q u e s t i o n  t o  b e  d e c o m p o s a b l e  i n t o  a n  u n p e r t u r b e d  p a r t  p l u s  a  n o n -

n e g a t i v e  p e r t u b a t i o n ,  w i t h  t h e  e i g e n v a l u e s  a n d  t h e  e i g e n f u n c t i o n s

o f  t h e  u n p e r t u r b e d  o p e r a t o r  e x p l i c i t l y  k n o w n .  C o m p u t a t i o n a l l y ,

t h e  m e t h o d s  i n v o l v e  t h e  e v a l u a t i o n  o f  fi x e d  p o i n t s  o f  a  s e q u e n c e

o f  f u n c t i o n s  o v e r  a  s m a l l  p o r t i o n  o f  t h e  n e g a t i v e  r e a l  l i n e ,  t h e

f u n c t o n s  b e i n g  t h e  e i g e n v a l u e s  o f  a  s m a l l  t o  m e d i u m  s i z e  m a t r i x -

v a l u e d  f u n c t i o n  d e fi n e d  o n  a n  i d e n t i c a l  d o m a i n .  A l o n g  w i t h  t h e

b o u n d s ,  t h e  m e t h o d s  a l s o  p r o d u c e  a p p r o x i m a t e  e i g e n f u n c t i o n s .  A

s o m e w h a t  s u r p r i s i n g  r e s u l t  c o n c e r n i n g  t h e  u p p e r  b o u n d  m e t h o d  i s

t h a t  i t  c a n  b e  s h o w n  t o  b e  e q u i v a l e n t  t o  t h e  R i t z - R a y l e i g h

m e t h o d ,  a l t h o u g h  t h e  c o m p u t a t i o n a l  p r o c e d u r e  i n v o l v e d  i s  q u i t e

d i f f e r e n t .  A s  a  p r e l i m i n a r y  n u m e r i c a l  e x a m p l e ,  w e  p r e s e n t  t h e

r e s u l t s  f o r  t h e  g r o u n d  s t a t e  o f  h e l i u m .

1
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Abstract (D r .  M . C .  v a n Hemert)

for the  9 th Canadian Symposium on Theoretical Chemistry , J une  23-27, 1986

Ab i n i t i o  t r e a t m e n t  o f  t h e  A r H  e m i s s i o n  s p e c t r a .

H. D o h m a n n ,  N . C .  v a n  H e m e r t *  a n d  S . D .  P e y e r i m h o f f ,  I n s t i t u t e  f o r  T h e o r e t i c a l

Che m i s t r y ,  B o n n  U n i v e r s i t y ,  G e r m a ny .

We h a v e  u s e d  r e c e n t l y  c a l c u l a t e d  a b  i n i t i o  p o t e n t i a l  c u r v e s  a n d  n o n a d i a b a t i c

c o u p l i n g s ,  f o r  t h e  c o m p u t a t i o n  o f  t h e  e m i s s i o n  s p e c t r a  o f  t h e  A r H  e x c i m e r .
Fr om t h e  F e r m i - G o l d e n  r u l e  e x p r e s s i o n  f o r  t h e  l i n e w i d t h ,  w e  fi n d  t h a t  t h e

bound e x c i t e d  s i g m a  s t a t e s  a r e  p r e d i s s o c i a t e d  t o  s u c h  a n  e x t e n d  t h a t  o b s e r v a b l e

e m i s s i on  s p e c t r a  c a n  s t e m  o n l y  f r o m  t h e  n o n - p r e d i s s o c i a t e d  p i  s t a t e s .  T h i s

i s  i n  a g r e e m e n t  w i t h  t h e  d i s c r e t e  l i n e s p e c t r u m  o b s e r v e d  b y  J o h n s ( 2 )  a n d

a s s i g n e d  b y  h i m  o n  t h e  b a s i s  o f  t h e  r o t a t i o n a l  fi n e  s t r u c t u r e  a s  a  p i  t o  s i g m a

t r a n s i t i o n .  O u r  c a l c u l a t e d  l i n e  p o s i t i o n s  a n d  l i n e w i d t h s  f o r  t h e  ( 2 ) d o u b l e t  p i

t o  A  d o u b l e t  s i g m a  t r a n s i t i o n  a r e  v e r y  c l o s e  t o  t h e  e x p e r i m e n t a l  o n e s ,  p r o v i d e d
we t a k e  i n t o  a c c o u n t  b o t h  t h e  fi r s t  a n d  s e c o n d  o r d e r  d e r i v a t i v e  t e r m s  f o r  t h e

r a d i a l  p a r t  o f  t h e  k i n e t i c  e n e r g y  c o u p l i n g .

Our  p r e d i c t i o n  o f  t h e  c o n t i n u u m  e m i s s i o n  f o r  t h e  ( 1 ) d o u b l e t  p i  t o  X  d o u b l e t

s i gm a  t r a n s i t i o n  i s  i d e n t i c a l ,  w i t h i n  e x p e r i m e n t a l  a c c u r a c y ,  t o  t h e  e m i s s i o n

r e c e n t l y  o b s e r v e d  i n  t h e  2 0 0  t o  4 0 0  nm  r e g i o n ( 3 ) .  T h e  c a l c u l a t e d  r a d i a t i v e
l i f e t i m e  o f  t h e  l o w e s t  v i b r a t i o n a l  l e v e l  o f  t h e  e x c i t e d  s t a t e  i s  a l s o  w i t h i n

t h e  e x p e r i m e n t a l  r a n g e .

We a l s o  r e p o r t  t h e  r e s u l t s  o f  a  m or e  r e fi n e d  t r e a t m e n t ,  w h e r e  t h e  S c h r o e d i n g e r

e q u a t i o n  f o r  n u c l e a r  m ov e m e nt  i n  t h e  s i g m a  s t a t e s  i s  s o l v e d  w i t h  t h e  h e l p

o f  a  c l o s e  c o u p l i n g  p r o c e d u r e .  T h i s  p r o c e d u r e  w a s  e a r l i e r  f o u n d  t o  b e  v e r y

s u c c e s f u l  i n  t h e  t r e a t m e n t  o f  p h o t o d i s s o c i a t i o n  c a u s e d  b y  r a d i a l  c o u p l i n g ( 4 ) .

Fr om t h e  r e s u l t i n g  d e t a i l e d  i n f o r m a t i o n  o n  t h e  l i n e s h a p e s -  a l s o  F a n o  p r o fi l e s

a r e  p r e d i c t e d -  w e  i n f e r  p r e d i s s o c i a t i o n  r a t e s  i n  g e n e r a l  a g r e e m e n t  w i t h
t h e  F e r m i - G o l d e n  r u l e  r e s u l t s .

( 1 )  H .  Dohm a nn,  P . J .  B r u n a  a n d  S . D .  P e y e r i m h o f f ,  t o  b e  p u b l i s h e d .

( 2 )  J . W . C .  J o h n s ,  J .  M o l .  S p e c t r y ,  3 6 ,  4 8 8  ( 1 9 7 0 ) .

( 3 )  T .  M o e l l e r ,  M .  B e l a n d ,  J .  S t a p e l f e l d t  a n d  G .  Z i m m e r e r ,  B o o k  o f  A b s t r a c t s ,
ECAMP I I ,  Am s t e r da m ,  1 9 8 5 .

( 4 )  E . F .  v a n  D i s h o e c k ,  N . C .  v a n  He m e r t ,  A . C .  A l l i s o n  a n d  A .  D a l g a r n o ,  J .  Che m .

P hy s . ,  8 1 ,  5 7 0 9  ( 1 9 8 4 ) .

* pe r m a ne nt  a d r e s s :  G o r l a e u s  L a b o r a t o r i e s ,  L e i d e n ,  T h e  N e t h e r l a n d s .



B 3? T H E O R E T I C A L  STUDY O F COADSORPTION O F CO AND NO ON A  Rh (1 0 0 )
SURFACE. D r a g a n  L ,  V u c k o v i c  a n d  R o a l d  H o f f ma n n ,  D e p a r t m e n t

o f  C h e m i s t r y ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  N e w  Y o r k  1 4 8 5 3  U . S . A .

A d s o r p t i o n  o f  CO a n d  NO ,  a n d  t h e i r  c o a d s o r p t i o n  o n  t h e  R h (1 0 0 )  s u r f a c e
was i n v e s t i g a t e d  u s i n g  E x t e n d e d - H u c k e l  t i g h t - b i n d i n g  c a l c u l a t i o n s .  T h e  s u r -

f a c e  w a s  r e p r e s e n t e d  b y  a  t w o  d i m e n s i o n a l  t h r e e  l a y e r  s l a b ,  u s i n g  t h e  e x p e r -
i m e n t a l  f c c  s t r u c t u r e  o f  Rh o d iu m m e t a l .  A l l  t h e  c a l c u l a t i o n s  w e r e  d o n e

u s i n g  a  s i n g l e - f a c e  a d s o r p t i o n  m o d e l .  T h e  c o v e r a g e  d e p e n d e n ce  f o r  s e v e r a l

a d s o r p t i o n  s i t e s  w a s  i n v e s t i g a t e d  f o r  CO a n d  NO ,  a l o n g  w i t h  t h e  d i f f e r e n t

p o s s i b l e  a r r a n g e m e n t s  f o r  t h e i r  c o a d s o r p t i o n .  T h e  r e s u l t s  a r e  g i v e n  i n
t e rms  o f  o v e r l a p  p o p u l a t i o n s  a n d  o r b i t a l  p o p u l a t i o n  a n a l y s i s .
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COMPUTATIONAL STUDIES OF SMALL TRANSITION METAL CLUSTERS
S. P. Walch and C. W. Bauschlicher, Jr.,
NASA Ames Research Center, Moffett Field, Ca. 94035

The nature of  the metal metal bond in  small trans ition metal clusters w ill be
discussed using examples selected from transition metal diatomic and tr iatomic species.



8 33 C A L C U L A T I O N S  USING THE GENERALIZED EXCHANGE LOCAL SPIN DENSITY-FUNCTIONAL

THEORY. S .  Manoli and M. A.  Whitehead, Department of.Chemis try , McGill Univ er s ity ,
801 Sherbrooke St .  West, Montreal, Quebec, CANADA H3A 2K6

Results c alc ulated us ing the Generalized Exchange scheme (LSD GX) o f  Manoli and
Whitehead ( 1 )  ar e presented and compared t o  the corresponding ones c alc ulated us ing the Xa
and f r ee  elec tron (LSD FE) exchange potent ia ls .

A comparison o f  the t o t a l  energies  and eigenvalues show tha t  the LSD GX scheme gives
better  r es ults  than the LSD FE scheme and bet te r  trends  than the Xa scheme when compared
to the corresponding Hartree-Fock r es ults  ( 1 ) .

The inter - c onfi gur at ional t o t a l  energy differences  o f  the t r ans i t ion  metals  have been
calculated us ing these schemes and, t he  LSD GX r es ults  are c lear ly  the bes t when compared
to the  corresponding experimental ones .

The ion iz a t ion  potent ia ls  ( IP)  have been c alc ulated us ing the t r ans i t ion  s tate method
(removing h a l f  an elec tron from the highes t occupied atomic  o r b i t a l ) ,  t he  AE(SCF) method
and by  adding c or rec tion terms t o  the f u l l y  occupied o r b i t a l  eigenvalue. T hes e c or rec t ion
terms were der ived from the work o f  Gopinathan ( 2)  which determined the r e la t ions h ip  between
the Xa and HF eigenvalues. A  comparison o f  the r es ults  o f  c alc ulat ions  us ing these three
methods w it h  the LSD GX, Xa and LSD FE schemes t o  the experimental I P ' s  show t ha t ,  ov e r a l l ,
the LSD GX and Xa res ults  ar e c lose t o  each other  and bet ter  than the corresponding LSD FE
ones and, t h a t  the LSD GX and Xa I P ' s  ar e very  c lose t o  the experimental ones .

The LSD GX r es ults  were obtained without  the use o f  an adjus table parameter such as
the a  HF o f  the Xa scheme and hence, t h i s  scheme i s  more r e l ia b le .

(1) S.  Manoli and M.A. Whitehead, submitted f o r  public at ion.
(2) M.S. Gopinathan, J .  Phys. B ,  12,  521(1979).



8 R E S O N A N C E S  I N  MOLECULAR PHOTOABSORPTION AND PHOTOIONIZATTON
SPECTRA: T . J .  G i l ,  J . A .  Sheehy ,  C .  W in s t e a d ,  a n d  P.W.
L a n g h o f f ,  I n d i a n a  U n i v e r i t y ,  B l o o m in g t o n ,  I N  4 7 4 0 5  USA

Recent t h e o r e t i c a l  s t u d i e s  o f  r es onanc e phenomena i n  e l e c t r o n i c  e x c i -
t a t i o n  a n d  p h o t o i o n i z a t i o n  s p e c t r a  a r e  r e p o r t e d .  T h e  X - r a y  a b s o r p t i o n
s pec trum o f  a  s e r i e s  o f  s u l f u r - c o n t a i n i n g  mo lec u les  n e a r  t h e  s u l f u r  K  edge

is  i n v e s t i g a t e d .  T h i s  s e r i e s  i n c l u d e s  H

2
As s ignments  o f  e x p e r im e n t a l  f e a t u r e s  a r e  p o s s i b l e  i n  many  c as es ,  a n d  t h e
e f f e c t  o f  t h e  m o l e c u l a r  e n v i r o n me n t  o n  K- edge s p e c t r a  i s  i l l u m i n a t e d .
Valenc e s h e l l  c a l c u l a t i o n s  o n  t h e  p a r t i a l  p h o t o i o n i z a t i o n  c r o s s  s e c t i o n s  o f
N

0e t f e c t  o f  tIP-* a n d  .

T *  v i r t u a l  A s t u d y  o f  t h e  4 o -

1  t i c u l a r  r e f e r e n c e g t o  t h e  e f f e c t  o f  t h e  4

,c hannel a n d  t o  t h e  s i g n i fi c a n t  d i s c r e p a n c i

land among v a r i o u s  t h e o r e t i c a l  r e s u l t s .



8  5  67 A N  EXAMINATION OF THE MOLECULAR PROPERTIES OF 5-THIO-a-D-GLUCOPYRANOSE,

6-THIO-43-D=FRUCTOPYRANOSE, AND a-D-GLUCOPYRANOSE BY AB I NI TI O  LCAO-MO CALCULATIONS.

Abbas Fa r a z d e l ,  Vedene H.  S m i t h ,  J r . ,  W a l t e r  A .  S z a r e k  a n d  Ro b e r t  Woods ,  De p a r t me n t  o f

Chemis t r y ,  Queen ' s  U n i v e r s i t y ,  K i n g s t o n ,  O n t a r i o  Canada KTL 3N6.

Ab i n i t i o  SCF LCAO-NM c a l c u l a t i o n s  h a v e  b e e n  p e r f o r me d  o n  t h e  t i t l e  c ompounds  a n d  a r e

d is c us s ed i n  t e r ms  o f  n e t  a t o mi c  c h a r g e s  a n d  Mu l l i k e n  p o p u l a t i o n  a n a l y s i s ,  w i t h  a  p a r t i c u l a r

emphas is  o n  t h e  p o s s i b l e  c ons equenc es  o f  t h e s e  f e a t u r e s  a s  r e g a r d s  t h e  s we e t  t a s t e  o f  t h e s e

s ugars .



13 '5 e P r e d i c t i o n  o f  V ib ra t i o n a l  Frequencies I n c lu d in g  Anharmonic Co rre c t io n s
From A n a ly t ic  Hig h e r De r iva t ive s

Yukio Yamaguchi, Rich a rd  B .  Reming ton , Timo th y J .  L e e ,  D.  A l l e n  Clabo ,  J r . ,

Wesley D.  A l l e n ,  J e f f r e y  J .  Gaw, Y o sh ih i ro  Osamura, and Hen ry F .  Schae fe r I I I

Department o f  Ch e mis t ry ,  U n i v e rs i t y  o f  C a l i f o rn i a
Berke ley,  C a l i f o r n i a  94720 U.S.A.

Our re c e n t l y  developed a n a l y t i c  t h i r d  d e r i v a t i v e  method f o r  b o t h  c lo se d - and o p e n -sh e l l
SCF wave funct ions has been used t o  c a lc u la t e  cu b ic  f o rc e  co n sta n ts a n a l y t i c a l l y  and

q u a rt ic  f o rc e  co n sta n ts b y  fi n i t e  d i f f e re n c e s  o f  t h i r d  d e r i v a t i v e s .  Ha rmo n ic  f re q u e n cie s
have been ca lcu la t e d  a n a l y t i c a l l y  f o r  SCF wave funct ions and b y  fi n i t e  d i f f e re n c e s  o f

a n a ly t ic  g ra d ie n t s  f o r  C I  wave funct ions in c lu d in g  s in g le ,  d o u b le ,  t r i p l e ,  and quadrup le
e xc i t a t io n s .  A n h a rmo n ic  co n sta n ts,  o b ta in e d  f ro m SCF cu b ic  and q u a r t i c  f o rc e  co n sta n ts,
have been used t o  e va lu a te  enharmonic co rre c t io n s  t o  t h e  harmon ic f re q u e n cie s.  T h e

re s u l t in g  fundamenta l f re q u e n cie s p re d ic t e d  a t  t h e  SCF l e v e l  (u s in g  a  DZ+P o r  b e t t e r  b a s is
se t) a r e  s t i l l  found  t o  d e v ia t e  s u b s t a n t i a l l y  f ro m t h e  e xp e rime n t a l ly  observed f re q u e n c ie s .

When t h e  SCF enharmonic co rre c t io n s  a re  a p p lie d  t o  t h e  CI  ha rmon ic f re q u e n cie s,  t h e

re s u l t in g  t h e o re t i c a l  fundamenta l f re q u e n cie s a re  found t o  agree  s i g n i fi c a n t l y  b e t t e r
wi t h  expe rimen t .  G e o me t r ie s ,  d i p o le  moments, I R  i n t e n s i t i e s ,  r o t a t i o n a l  co n sta n ts,  and
v ib ra t i o n - ro t a t i o n  i n t e ra c t i o n  co n sta n ts f o r  a  s e r ie s  o f  s ma l l  mo lecu les w i l l  a lso  be

d iscussed.
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1E x c i t a t i o n  E n e r g i e s  o f  B e  i n  t h e  R a n g e  0 - 1 0 e V :  A  C o m p a r i s o n  o f

P e r t u r b a t i o n - Ty p e  Green ' s  Fu n c t i o n s ,  M u l t i c o n fi g u r a t i o n a l  L i n e a r  Res pons e,

AMCSF, a n d  A F u l l  C I  Ca l c u l a t i o n s

Ri c h a r d  Graham a n d  Danny  L .  Y e a g e r

Chemis t r y  Depa r t men t

Texas  A&M U n i v e r s i t y

Co l l e g e  S t a t i o n ,  Te x a s  7 7 8 4 3

Jeppe O l s e n  a n d  P a u l  J o r g e n s e n

Chemis t r y  Depa r t men t

Aarhus  U n i v e r s i t y

DK8000, A a r h u s  C

DENMARK

Sorab Za r r a b i a n ,  R o b e r t  Ha r r i s o n ,  Rodney  B a r t l e t t

Chemis t r y  De p a r t me n t

Un i v e r s i t y  o f  F l o r i d a

G a i n e s v i l l e ,  F l o r i d a  32611

The e x c i t a t i o n  e n e r g i e s  o f  Be a t om 0 -10eV  we r e  c a l c u l a t e d  u s i n g  s ec ond-

o r d e r  p e r t u r b a t i o n a l - t y p e  p a r t i c l e - h o l e  G r e e n ' s  f u n c t i o n s ,  m u l t i c o n fi g u r a -

t i o n a l  l i n e a r  r e s p o n s e ,  ( a l s o  k nown  a s  m u l t i c o n fi g u r a t i o n a l  t i m e  d e p e n d e n t

Ha r t r e e - f o c k  (MCTDHF)),  A m u l t i c o n fi g u r a t i o n a l  s e l f  c o n s i s t e n t  fi e l d  (MCSCF),

a n d A  f u l l  C I .  T h e  b a s i s  f o r  e a c h  o f  t h e s e  c a l c u l a t i o n s  wa s  a  <9 s 9 p 5 d >

c o n t r a c t e d  G a u s s i a n  s e t .

The MCSCF i n i t i a l  s t a t e s  u s e d  i n  t h e  MCTDHF c a l c u l a t i o n s  we r e  o b t a i n e d

by  c h o o s i n g  a l l  p o s s i b l e  c o n fi g u r a t i o n s  i n  s e v e r a l  d i f f e r e n t  r e l a t i v e l y  s ma l l

a c t i v e  s p a c e s  o f  o r b i t a l s .  W i t h  o u r  l a r g e s t  c o m p l e t e  a c t i v e  s p a c e  (CAS)

MCSCF s t a t e  (2s 2p3s 3p3d)  a s  a n  i n i t i a l  s t a t e  t h e  MCTDHF e x c i t a t i o n  e n e r g i e s

f rom t h e  g r o u n d  s t a t e  a r e  i n  e x c e l l e n t  a g r e e me n t  w i t h  b o t h  e x p e r i me n t  a n d

f u l l  C I ,  t y p i c a l l y  w i t h  d i f f e r e n c e s  s t a r t i n g  i n  t h e  t h i r d  fi g u r e  b e y o n d  t h e

d e c i ma l  p o i n t  ( i n  eVs ) .  I n  a d d i t o n  t h e  S ( 0 )  a n d  S ( - 2 )  ( p o l a r i z a b i l i t y )  s ums

we r e  o b t a i n e d .  F u r t h e r m o r e ,  s e v e r a l  MCTDHF c a l c u l a t i o n s  we r e  p e r f o r m e d

wh e r e  t h e  i n i t i a l  s t a t e  wa s  a n  e x c i t e d  s t a t e  o f  Be .  A g r e e m e n t  b e t w e e n

MCTDHF e x c i t a t i o n  e n e r g i e s  a n d  o s c i l l a t o r  s t r e n g t h s  s t a r t i n g  f r o m e i t h e r  t h e

ground s t a t e  o r  a n  e x c i t e d  s t a t e  i s  e x c e l l e n t .

A l l  t h e  MCSCF s t a t e s  w e r e  f u l l y  c h a r a c t e r i z e d .  I t  i s  a g a i n  demon-

s t r a t e d  (e . g •  f o r  t h e  s e c o n d  1 D a n d  fi r s t  3 D s t a t e s )  t h a t  MCSCF c a l c u l a t i o n s

i n  p a r t i c u l a r  f o r  n o n - l o w e s t  s t a t e s  o f  a  c e r t a i n  s y m m e t r y  ma y  y i e l d

s p u r i o u s ,  u n p h y s i c a l ,  o r  a p p r o x i ma t i o n s  t o  h i g h e r  e n e r g y  s o l u t i o n s  a n d  t h a t

ex t reme c a r e  mu s t  b e  t a k e n  i n  u s i n g  a n d  i n t e r p r e t i n g  MCSCF c a l c u l a t i o n s  o r

( n o n - f u l l )  C I  c a l c u l a t i o n s  u s i n g  t h e s e  o r b i t a l s .



E3

Quant um-Chemic al  A n a l y s i s  o f  V i b r a t i o n a l  I n t e n s i t y  D i s t r i b u t i o n s  i n  t h e  S

o

A b s o r p t i o n  S p e c t r a  a n d  Raman E x c i t a t i o n  P r o fi l e s  o f  A z u l e n e .

Franc es c o Z e r b e t t o  a n d  Marek  Z .  Z g i e r s k i

D i v i s i o n  o f  Ch e mi s t r y ,  N a t i o n a l  Res ea rc h  Co u n c i l  o f  Canada

Ot t awa,  O n t a r i o ,  Canada  K l A  0R6

A b s t r a c t

The v i b r o n i c ,  Fr a n c k - Co n d o n  and  Dus h ins k y  a c t i v i t y  o f  t h e  t o t a l l y -

s y mmet r ic  modes  o f  a z u l e n e  i n  S

0
c hemic a l  me t hods .  I t  i s  f o u n d  t h a t  t h e  9 0 0  c m

- 1  a n d  1 4 0 0  c m

propos ed e a r l i e r  t o  e x p l a i n  t h e  r e l a t i v e  i n t e n s i t i e s  o f  Raman f u n d a me n t a l s  i n

t he r e g i o n  o f  t h e  S

I  s t a t e  

a l t e r n a t i v e  mec hanis m a r i s i n g  f r o m v i b r o n i c  a c t i v i t y  o f  t h e  a

l  m o d e s  p r o d u c e s

s igns  o f  t h e  non-Condon p a r a me t e r s  i n  ag reement  w i t h  t h o s e  f o u n d  f r o m fi t t i n g

t he  Raman e x c i t a t i o n  p r o fi l e s ;  h o we v e r ,  t h e  a b s o l u t e  v a l u e  o f  t h i s  p a r a me t e r

f o r  t h e  900  c m

- 1  m o d e  

a l t h o u g h  quan t um-c hemic a l  c a l c u l a t i o n s  f a v o u r  non-Condon  e f f e c t s  o v e r  Dus h ins k y

e f f e c t s  i n  s h a p i n g  t h e  r e l a t i v e  i n t e n s i t i e s  o f  Raman f u n d a me n t a l s ,  t h e y  d o  n o t

g i v e  a  c o n c l u s i v e  a n s we r .  I t  i s  a r g u e d  t h a t  s u c h  a n  ans wer  c a n  b e  o b t a i n e d

f rom meas urement s  o f  t h e  900  c m

- 1  +  1 4 0 0  c m

p r o fi l e s .
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B. Las k ow s k i A n a l a t o m ,  I n c .
253 H umbo ld t  C t .

Sunny v ale,  CA 94098
U.S.A.

R.J .  LeRoy  G u e l p h - W a t e r l o o  C e n t r e  f o r  G r adua te
Work i n  C h e m is t r y ,
U n iv e r s i t y  o f  Wa t e r lo o
Wate r loo ,  O n t a r i o
N2L 5H6

R.D. L e v i n e  H e b r e w  U n i v e r s i t y
The F r i t z  H aber  Res ear c h C e n t e r
J er us alem,  9 1 9 0 4
I r s ae l

J .E.G .  L i p s o n  U n i v e r s i t y  o f  G ue lph
Depar tment o f  C hemis t r y
G uelph, O n t a r i o

W.K. L i u  U n i v e r s i t y  o f  Wa t e r lo o
Depar tment o f  Ph y s ic s
Water loo ,  O n t a r i o
N2L 3G1

R. L o r i n g

M.E. Mandy

S. M a n o l i

U n iv e r s i t y  o f  R oc hes te r
Depar tment o f  C hemis t r y
Roc hes ter ,  N . Y .  14627
U.S.A.

U n iv e r s i t y  o f  T o r o n t o
Depar tment o f  C hemis t r y
80 S t .  G eor ge  S t r e e t
T or on to ,  O n t a r i o
M5S 1A1

Mc G il l  U n i v e r s i t y
Depar tment o f  C hemis t r y
801 She r b r ook e  S t .  W . ,
M o n t r e a l ,  Quebec
H3A 2K6



W.J. Mea th

P.G. Mez ey

S. Mondr o

L .A.  Mo n t e r o

T. Nguy en-Dang

J .  O dders hede

K. Ohno

G.L. Oppo

G. P a t e y

M. Pe t e r s o n

U n iv e r s i t y  o f  Wes ter n  O n t a r i o
Depar tment o f  C h e mis t r y
London, O n t a r i o
N6A 5B7

U n iv e r s i t y  o f  Sas k atc hewan
Depar tment o f  C h e m is t r y
Sas k atoon, Sas k atc hewan
S7N OWO

Wayne S t a t e  U n i v e r s i t y
Depar tment o f  C h e mis t r y
6418 C ambr idge
Dearborn H e i g h t s ,  M I  48127
U.S.A.

I . Q . B . E .
Ave. 2 6 ,  N .  1 6 0 5
Plaz a,  Habana 6
Cuba

U n iv e r s i t y  o f  Sher b r ook e
Depar tment o f  C h e mis t r y
Sher br ook e,  Q uebec
J1K 2R1

Odense U n i v e r s i t y
Depatment o f  C h e m is t r y
DK-5230 O dens e
Denmark

Hokkaido U n i v e r s i t y
Depar tment o f  C h e mis t r y
F ac u lt y  o f  Sc ie n c e
Sapporo, J a p a n

U n iv e r s i t y  o f  T o r o n t o
Depar tment o f  C h e m is t r y
80 S t .  G eor ge  S t r e e t
T or on to ,  O n t a r i o
M5S 1A1

U n iv e r s i t y  o f  B r i t i s h  C o lu m b ia
Depar tment o f  C h e m is t r y
Vanc ouv er ,  B . C .
V6T 1Y6

U n iv e r s i t y  o f  T o r o n t o
Depar tment o f  C h e m is t r y
80 S t .  G eor ge  S t r e e t
T or on to ,  O n t a r i o
M5S 1A1



NASA/Ames Res ear c h C e n t e r
M o f f e t t  F i e l d ,  CA 94035
U.S.A.

U n iv e r s i t y  o f  Hous ton
Depar tment o f  C hemis t r y
4800 C a lhoun  Road
Hous ton, T X 77004
U.S.A.
U n iv e r s i t y  o f  Sher b r ook e
Depar tment o f  C h e mis t r y
Sher br ook e,  Quebec
J1H 5N4

Weizmann I n s t i t u t e

Depar tment o f  Chemic a l P h y s i c s
Rehovot 76100
I s r ae l

U n iv e r s i t y  o f  Wa t e r lo o
Depar tment o f  C hemis t r y
Wate r loo ,  O n t a r i o
N2L 3G1

A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y
Research Sc hoo l  o f  C h e mis t r y
Canber ra A c t  2601
A u s t r a l i a

NASA L a n g le y  Res ear c h C e n t e r
Mail S t o p  234
Hampton, VA  23665
U.S.A.

U n iv e r s i t y  o f  C a lg a r y
Depar tment o f  C hemis t r y
Ca lgar y ,  A l b e r t a
T2N 1N4

Rutgers  U n i v e r s i t y
O lson Chemic a l L a b s
Newark, NJ  07102
U.S.A.

U n iv e r s i t y  o f  F l o r i d a
Depar tment o f  C hemis t r y
T a l lahas s ee ,  F l o r i d a  32306
U.S.A.



D. R i n a l d i

M.M. Rohmer

J .  Ros s

P.J .  Ros s k y

S.M. R o t h s t e i n

J .  Rowat

R. Sa g a r

D.R. Sa la h u b

B.C. Sa n c t u a r y

H.B. S c h le g e l

Chimie T h e o r iq u e
BP 2 3 9
54506 Vandoeuv r e
France

U n iv e r s i t e  L o u i s  Pa s t e u r
L a b o r a t o i r e  d e  C h im ie  Q uan t ique
4 r u e  B l a i n  Pas c a l

F-67000 S t r a s b o u r g
France

St an f o r d  U n i v e r s i t y
Depar tment o f  C h e m is t r y
S t a n f o r d ,  CA 94305
U.S.A.

U n iv e r s i t y  o f  T ex as
Depar tment o f  C h e m is t r y
Au s t in ,  T ex as  78712
U.S.A.

Brock U n i v e r s i t y
Depar tment o f  C h e m is t r y
St .  C a t h e r i n e s ,  O n t a r i o
L2S 3A1

Queen's  U n i v e r s i t y
Depar tment o f  C h e m is t r y
K ings t on ,  O n t a r i o
K7L 3N6

Queen's  U n i v e r s i t y
Depar tment o f  C h e m is t r y
K ings t on ,  O n t a r i o
K7L 3N6

U n iv e r s i t y  o f  M o n t r e a l
Depar tment o f  C h e mis t r y
C.P. 6 1 2 8 ,  Su c c .  A
M o n t r e a l ,  Q uebec
H3C 3J 7

Mc G il l  U n i v e r s i t y
Depar tment o f  C h e m is t r y
801 Sh e r b r o o k e  S t .  W.
M o n t r e a l ,  Q uebec
H3A 2V6

Wayne S t a t e  U n i v e r s i t y
Depar tment o f  C h e mis t r y
D e t r o i t ,  M I  48202
U.S.A.



M. S h a p i r o

P. Shaw

I .  S h a u i t t

R.B.  S h i r t s

B. S h i z g a l

W. S ie b r a n d

H .J .  S i l v e r s t o n e

M. S k o p i t z

Y.G. Smey ers

V.H. S m i t h

Weizmann I n s t i t u t e

Depar tment o f  Chemic a l P h y s i c s
Rehovot 76100
I s r a e l

Penns y lv an ia  S t a t e  U n i v e r s i t y
Depar tment o f  Ph y s ic s
Davey L a b
U n iv e r s i t y  P a r k ,  PA 16802
U.S.A.

Ohio S t a t e  U n i v e r s i t y
Depar tment o f  C h e mis t r y
140 Wes t  1 8 t h  Av enue
Columbus , O h i o  43210
U.S.A.

U n iv e r s i t y  o f  U t a h
Depar tment o f  C h e mis t r y
S a l t  Lak e  C i t y ,  U t a h
U.S.A.

U n iv e r s i t y  o f  B r i t i s h  C o lu m b ia
Depar tment o f  C h e mis t r y
Vanc ouv er , B . C .
V6T 1Y6

N a t iona l  R es ear c h  C o u n c i l
D i v i s i o n  o f  C hemis t r y
O ttawa, O n t a r i o
KlA OR6

The J ohns  H opk ins  U n i v e r s i t y
Depar tment o f  C hemis t r y
Ba l t im o r e ,  MD 21218
U.S.A.

Gould Computer  Sy s tems
2 L a n s in g  Squar e
Su i t e  502
Wi l l o w d a le ,  O n t a r i o
M2G 4P8

I n s t i t u t o  d e  E s t r u c t u r a  d e  l a  M a t e r i a

Ser r ano,  1 1 9  -  M a d r id  6
CSIC 28006

Spain

Queen's  U n i v e r s i t y
Depar tment o f  C hemis t r y
K ings t on ,  O n t a r i o
K7L 3N6



N. S n i d e r

R.F . S n i d e r

C. Sos a

C. S o t e r o s

M. S p a r p a g l i o n e

H. Sw inney

C.C. T a i

Queen's  U n i v e r s i t y
Depar tment o f  C h e mis t r y
K in g s t o n ,  O n t a r i o
K7L 3N6

U n iv e r s i t y  o f  B r i t i s h  C o lu mb ia
Depar tment o f  C h e m is t r y
2036 M a in  M a l l
Vanc ouv er ,  B . C .
V6T 1Y6

Wayne S t a t e  U n i v e r s i t y
Depar tment o f  C h e mis t r y
D e t r o i t ,  M I  48202
U.S.A.

Nor th C a r o l i n a  S t a t e  U n i v e r s i t y
School o f  E n g in e e r i n g
Box 7905
R a le ig h ,  N o r t h  C a r o l i n a  27695- 7905
U.S.A.

U n iv e r s i t y  o f  R oc hes t e r
Depar tment o f  C h e mis t r y
Roc hes ter ,  N . Y .
U.S.A.

U n i v e r s i t y  o f  T ex as
Depar tment o f  Ph y s ic s
Au s t in ,  T ex as  78712
U.S.A.

York U n i v e r s i t y
Cress O f fi c e ,  P e t r i e  B l d g .
4700 K e e l e  S t r e e t
Downsv iew, O n t a r i o
M3J 1 P3

F. Temme M c G i l l  U n i v e r s i t y
Depar tment o f  C h e m is t r y
801 She r b r ook e  S t .  W . ,
M o n t r e a l ,  Q uebec
H3A 2K6

A.J .  T hak k a r  U n i v e r s i t y  o f  New Br uns w ic k
Depar tment o f  C h e m is t r y
F r e d e r ic t o n ,  N . B .
E3B 6E2

D.R. T r u a x  U n i v e r s i t y  o f  C a lg a r y
Depar tment o f  C h e m is t r y
Ca lgar y ,  A l b e r t a
T2N 1N4



T .P.  T s i e n

R.E. T u r n e r

J . P .  V a l l e a u

A. Va n  d e r  A v o i r d

S. Va n d e r  L i n d e

M.G. Van  Hemer t

F. V i n e t t e

G.A. V o t h

D .L .  Vu c k o v ic

Dawson C o l l e g e
Depar tment o f  C h e m is t r y
L a f o n t a in e  Campus
1001 Sher b r ook e  S t .  E .
Mo n t r e a l ,  Quebec
H2L 1 L 3

U n iv e r s i t y  o f  B r i t i s h  C o lu m b ia
Depar tment o f  C h e mis t r y
2036 M a in  M a l l
Vanc ouv er ,  B . C .
V6T 1Y6

U n iv e r s i t y  o f  T o r o n t o
Depar tment o f  C h e m is t r y
80 S t .  G eor ge S t r e e t
T or on to ,  O n t a r i o
M5S 1A1

U n iv e r s i t y  o f  N i jmegen
I n s t .  o f  T h e o r e t i c a l  C h e m is t r y
T e o r n o o iv e ld ,  6 5 2 5
Ed N i jm e g e n ,  N e t h e r la n d s

Wayne S t a t e  U n i v e r s i t y
Depar tment o f  C h e mis t r y
D e t r o i t ,  M I  48202
U.S.A.

Sta te  U n i v e r s i t y
Depar tment o f  C h e mis t r y
G or laeus  L a b o r a t o r i e s
P.O. Bo x  9502
2300 RA L e id e n
The N e t h e r la n d s

U n iv e r s i t y  o f  Wa t e r l o o
Depar tment o f  A p p l i e d  Ma themat ic s
Water loo ,  O n t a r i o

C a l i f o r n i a  I n s t i t u t e  o f  T ec hno logy
Mail  Code 127 - 72
Pasadena, CA 91125
U.S.A.

C or ne l l  U n i v e r s i t y
Depar tment o f  C hemis t y
I t h a c a ,  N . Y .  14853
U.S.A.



D.M. War d law

W. Wes t ga t e

M.A. Wh i t ehead

S.G. W h i t t i n g t o n

C.L.  Win s t e a d

N.M. W i t r i o l

R. Woods

Y. Yamaguc hi

D.L.  Ye a g e r

M.G. Z e r n e r

Queen's  U n i v e r s i t y
Depar tment o f  C h e m is t r y
K ings t on ,  O n t a r i o
K7L 3N6

Queen's  U n i v e r s i t y
Depar tment o f  C h e m is t r y
Kings t on ,  O n t a r i o
K7L 3N6

Mc G ill U n i v e r s i t y
Depar tment o f  C h e mis t r y
801 She r b r ook e  S t .  W.
M o n t r e a l ,  Q uebec
H3A 2K6

U n iv e r s i t y  o f  T o r o n t o
Depar tment o f  C h e m is t r y
80 S t .  G eor ge  S t r e e t
T or on to ,  O n t a r i o
M5S 1A1

Ind iana  U n i v e r s i t y
Depar tment o f  C h e m is t r y
Blooming ton ,  I N  47405
U.S.A.

Louis ana T ec h U n i v e r s i t y
Depar tment o f  Ph y s ic s
Rus ton, L A  71272
U.S.A.

Queen's  U n i v e r s i t y
Depar tment o f  C h e m is t r y
K ings t on ,  O n t a r i o
K7L 3N6

U n iv e r s i t y  o f  C a l i f o r n i a
Depar tment o f  C h e m is t r y
Ber k e ley ,  C a l i f o r n i a  94720
U.S.A.

Texas A  M U n i v e r s i t y
Depar tment o f  C h e m is t r y
C o l lege  S t a t i o n ,  T X 77843
U.S.A.

U n iv e r s i t y  o f  F l o r i d a
Depar tment o f  C h e m is t r y
G a i n e s v i l l e ,  F L  32611
U.S.A.



M. Z og ier s k i N a t io n a l  Res ear c h  C o u n c i l  o f  Canada

D i v i s i o n  o f  C hemis t r y
O ttawa, O n t a r i o
KlA OR6




