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‘l REPORT S U ~‘l~1A R Y

Re search  un dt r the c o n t r ac t  ha s  ;~rn~, r e s s e d  in  sevt r~~l di f f e r c n t  a reas .
The ir~ oc i .p : i l  a c t i v i t ie s  i tr e  Ou t  1 L iie d below a l o n g  ~.i lii the pu l> l  i cat i o n s
r e s u l t i n g  f r o m  the r esea rch

j . lovers  ion of Pre su r e  — Broaden ed  S p e c t r a l  L i n e  S hap e s
to Y i e l d  R o t at ~ onalj L I n e l a s t i c  R a t e  C o n s t a n t s

The d i re c t  e x t ra c t i o n  of s t a l e — t o — s t a l e  r ot a t : i o i i a l l y i n e la s t i c  r at e
c o n s t a n t s  (k j j i ) f rom h u l k  re laxat ion mea~ u r i mci i  Is h a genera  1.1 y be en con-
s idered  an i n t r a c  t a b l e  p rob lem.  However , ~c have now shown tha t .  t co  new
d e ve l o pm e n t s  a) low for the f i r s t  L ime rhe  d e e o n v o ]u  t i on  of e x p e r i m e n t a l  da ta
to y i e l d  the i n d i v i d u a l  r a t e s  wi thou t r€ ~~~~~~~ to any dy n a m i c a l  c a l c u l a t i o n s .
The imp l i c a t i o n  of these d e v e l o p m en t s  p r o v i d e s  fo r  ( i)  the ci i m in a t i o n  of the
redundanc ies  in the  r a t e s , and ( 2 )  the a s sessmen t  of the i n f o r m a t i o n  c o n t e n t
in the e x per i m e n t a l  d a t a .  We have focused  on s p e c t r a l  l ine  shape m e a s u r e m e n t s
since a la rge  bod y of e x p e r i m e n t a l  da ta  i s  a l r ead y a v a i l a b l e .  The n ew inver-
sion theory has  a l l ow e d  us  t o  ex t r ac t s t a t e - t o — s t a t e  r a t e  c o n s t a n t s  from
n u m e r ou s  rare  gas — m o l e c u l e  sys tems . The e x t r a c t e d  r a t e  c o n s t a n t s  are
ext reme l y v a l u a b l e  and can be immediate l y app i led to o ther  observab l Cs.  We
b e l i e v e  th i s  new inversion  theo ry  shou ld  r e v i t a l i z e  the u s c f u ln ess  and
i n t e r e s t  in f u r t h e r  b u l k  r e l a x a t i o n  m e a s u r e m e n t s .  C o n t i n u i n g  resea rch  on
t h i s  su b j e c t  w i l l  be v i gorous l y p u r s u e d  in the  coming y e a r .

1. A. D e P r i s l o  and I i .  R a b i t z , D i r e c t  Invers ion  of P re s su re-Broadened
Hal  [w i d t hs  to Yi e  1(1 Ro t - a t  ionai ly m e l  as t i c  R a t e  C o n s t a n t s , 3 . Nol . Spec.
1978 , in press.

I I .  The Use of G l o b a l  W a v e f un c t i o n s in Chemica l  R e a c t i o n  1~yn am ics

The u n d e r s t a n d ing of chemica l  r ea c t i o n s  at a fundamen ta l  microscop ic
leve l has  been a long-soug h t - a f t e r  goa l .  However , the ex t reme comp l e x i t i e s
invo lved  w i t h  t h e  theory have s e v e r e l y  l i m i t e d  progress  in th is  a rea ;  onl y in
the  p :e;t l u w  yea r s  has the s imp l e s t  sys t em II +11 2 been t rea ted at a r e a l i s t i c
lev e l  by norma l c l o se  coup i ing m e t h o d s .  The close coup l ing  approach expands
a l l  v a r i a b l e s  excep t  ene in a chosen ba si s  and the reb y len d s  to coup led
ord i t i n r y  d i  f t  r. e t  I a l  eq uat i o n s .  The pr ime d i f f i c u l t y  involved is associated
w i t h  t h e  l a r g e  numb er  of e q u a t i o n s  t h a t  mus t  be solved.  Ra the r  than f o l l o w
t h i s  a~~~~ i • we have  f o r i m i l  ated the  p rob lem in terms of fewer cou p led par—

i i i  di $ I ~‘i  - n t  i .i l c~ u . i t  i ons .  For examp le , in t h i s  case a l l  v a r i a b l e s  except
t w e  . i i  ex1 t n ! d  in  a b a s i s  s e t .  W i t h  the  a v a i l a b i l i t y  of e f f i c i e n t  f i n i t e
c i  u t  i i  ( i i i  d i  I ( 1  • n t  i . i l  e qual  ion codes , the g loba l  approach can have
i ~~~~ i no t  .~~lv i i i t  ~~~~~~~~~ . W -  h ave st I f o r t h  the b as ic  t heo ry  behind t h i s  me thod
,~ : •‘M ’ 1 i ~ I t  n nh .d t I c o l  h i  near  r eac l ive  s c a t t e r i ng  problems . These c a l c u —
l i t  i i n -  dt wi~n s  r . i t ~ d t h a t  t h e  method  i s  both  a ccu rat e  and e f f i c i e n t .  The
t h ~ i I V  I s  l ’ I i ~~~ n t l v  l u - j u g  s ca l ed  up to t r ea t  f u l l  t h r e e — d i m e n s i o n a l  problems .

I. Ii. k .ihit z , A.  A sk a r , and A. Cakmak , The Use of Global Wavefunctions in
st .it terlng Theory, Chein. Phys., 1978, in press.
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In .  St o c h a s t i c  Tl~~~rv for Inter - and in t r a m o l e c u l a r  En er gy  Transfe r

Energy t r a n s f e r  s t u d ie s  in l arg e comp lex molecule s have  a l w ay s  been
hampered  b y the large number  of energy levels  i nvo lved .  A l t h o u g h  such prob-
lem s  c o u l d  be t i -ea ted  b y c la s s i c a l  m e c h an i c s , i t  is c’i l ways de s i r a b l e  tø
r e t a in  as much of the q u a n t u m  aspects  as pos s ib l e .  Due to t h e  l a rge  mu l t i -
level n a t u r e  of these problems , we have n a t u r a l l y  i n t r o d u c e d  the concep t  of
u s i n g  i i o n- e q u i l ib r iu m  s t a t ist i c a l  mechan ic s at  t h e  mo lecu l a r  l e v e l .  Up un t i l
the present  t ime  th i s  theo ry ,  which was initiated under the present contrac t ,
has been concerned wi th i n t e r m o l e c ul a r  energy t r a n s f e r .  The methodolog y is
now q u i t e  we l l  developad w i t h  s u c c e s s f u l  app l i c a t i o n  to s i t u a t i o n s  h e r e t o f o r e
imposs ib le  to t r e a t  b y c o n v e n t i o n a l  me thods .  We have now tu rned  our  a t t e n t i o n
to app l i c a t i o n  of these ideas to in t r a mo l e cu l ar  energy  t r a n s f e r  where  special
concern is being g iven to the bas ic  fo un d a t i o n s  of un i m o l e c ula r  ra te  theory .
An important question we plan to address  i~ ~he f a c t o r s  c o n t r o l l i n g  the

• achievemen t of a statistical energy distribution in an excited molecule .

1. S. Augustin and H. Rabitz , Multi-Time Scale Approach to Molecular
Stochas tic Theory, manuscrip t in preparation .

2. R. Ramaswamy, S. Atigustin , and H. Rabi tz , Stochastic Theory of Intra-
molec u lar Energy Transfer, manuscri pt in preparation .

IV. Generalized Effec tive Hamilton ian Theory

Molecular collision theory inherently involves treating systems with
more than one internal mode or degree of freedom. It often occurs that the
differen t modes can exhibit different time responses during a collision . We
have used this observation to develop a generalized effective Hamilton ian
for treating collisional-induced transitions . In this formulation the
molecular states are divided into two subsets ae and a~ . The assumption
is that changes in a~ occur much more quickly than those in ae. The choice
of ae and a

~ 
is in general arbitrary, and we have shown how to make th

separation based on the type of experimental measurement under considerati
For example , an evaluation of an atoin-vibrotor problem (i.e., ae =n , ~~~~= ;
was considered in the initial work, in conjunction with this illustration an
analysis of the breathing sphere (Bs) approxima tion was considered. It was
concluded that a modified 115 method (i.e., use of th e diagonal rotational
potential) should be valid when the random phase approximation holds for the
rotational scattering ampli tude . Numerical calculation s with this theory are
being pursued .

1. A. DePristo and 11. Rabitz , Generalczed Effective Hamiltonians: Time
Scale Separation Within a Semiclassical Formulation , Chem. Phys., 1978,
in press.

V. The Extraction of Vv and VT Rates from CO Electric Discharges

In collaboration with Prof. E. Fisher , Wayne State University, we have
analyzed exci ted vibrational population distributions in carbon monoxide
elec tric discharges. All too often past work in this area has resulted in an
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• over—anal y s i s  of the actual i n f o r m a t  ion c o n t a i n e d  in the c xp o r i n i cn L s .  Spec ia l
care is needed so as not  to b ii i i  d in  se I I — fulfilling as sump Ii otis abou t the
trends or magii I tude s of the rates. Wi Ui th i i mp o r t an t  concern  in  mi tid , we
have shown that the a v a i l a b le  experimen Is can y ic 1 dl a ratio of the VV to VT
rates at high quantum numbers  ( i . e .  , n 25) . A carefu l anal ys is of this da ta
shows that it is in semiqoantit ative agreC sen t  w i t h  t h e o r e t i c a l  r a t e  informa-
tion determined at an ear l  icr time under Ibis contract. As a rc~-;il t of the
anal ysis new experiments are be i ng p lanned to precisel y p in down the relevant
rates at hi gh quan tum numbers.

1. S. H. Lam and II. Rabitz , Correlation of Vibration-Translation Rates for
CO-He , J. Chem. Phys., 1978, in press.

2. S. H.  Lam , 11. R a h i t z , E.  F i s h e r , and A. Lightinan , CO—He VT Ra tes at h i gh,
Quantui~. Numbers , 3. Chem .  Ph y s . ,  1978 , in press .

VI .  Hi gh — T e m p e r a t u r e  V i b r a t i o n — R o t a t i o n  Re 1 ax a t i o n  B e h a v i o r

An ongoing p a r t  of our research has a lways  been concerned  wi th  the
general behav ior of vibra tiona ll y-rotationall y excited mo l ecules. In order
to implement this work , soph i s t i c at e d  s t a t e — o f - t h e — a r t  c o m p u t a t i o na l  me thods
have been developed and they are desc r ibed  in our  earlier reports. As an
initial fundamental app lication of the new program , a detailed treatment of
He—h I 2 at  hi gh t e m p e r a t u r e s  w a ;  p u r s u e d .  C o l l i s i o n  energ ies U~ to several
e l ec t ron  v o l t s  were cons ide r ed  and ra te  c o n s t a n t s  over  th ie  range
10000 K � T � 3000 ° K were c a l c u l a t e d .  The rate constants were then used in
a k i n e t i c  r e l a x a t i o n  c a l c u l a t i o n  to s i m u la L e  shock t u h i e  b e h a v i o r .  The e ig en—
values  and e ig en vcc t o r s  of the  r e l a xat i o n  r a t e  m a t  r i x  showed t h a t  a r ich
v a r i e t y  of comp lex v i b r a t i o n - r o t a t i o n  energy t r a n s f e r  p a t h w a y s  e x i s t e d .
N e v e r t h e l e s s , i t  was shown t h a t  e x p e r i m e n t s  cor responding  to normal  shock
tube conditions would y ield simple exponenti al energy dec ay. Conditions
widel y d iffe ring from normal shock behavior ‘.ere shown to yield strong devia-
tions from exponential decay . These calculations are of Interest in t h e i r
own righ t, but they also serve to just illustrate the capability of our state—
of-the- art program. At the present time app lications to symmetric top mole-
cules are being pursued .

1. S. Tarr and H. Rabitz , High-Tempera ture Vibrational-Rotational Relaxation
in He-H 2, J. Chemn . Phys., 1977, in press.
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