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NOTICE 
I 

- 4  Thi s  r e p o r t  was prepared  a s  an account of work sponsored by 

t h e  United S t a t e s  ~ o v e r n m c n t .  Ne i the r  t h e  United S t a t e s  nor  t h e  United 

S t a t e s  Energy Research and Development Admin i s t r a t i on ,  no r  any of  t h e i r  

empl.oyees, n o r  any of t h e i r  c o n t r a c t o r s ,  s u b c o n t r a c t o r s ,  o r  t h e i r  employees, 

makes any war ren ty ,  exp res s  o r  imp l i ed ,  o r  assumes any l e g a l  l i a b i l i t y  o r  

r e s p o n s i b i l i t y  f o r  t h e  accuracy ,  completeness ,  o r  u se fu lnes s  of any i n f o r -  

mation,  appa ra tus ,  product  o r  p roces s  d i s c l o s e d  o r  r e p r e s e n t s  t h a t  i t s  

use  would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  
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ABSTRACT 

C o l l i s i o n  c r o s s  s e c t i o n  de t e rmina t ions  on t h e  t r a n s i t i o n  

1 + E~ Z+ t X Z i n  N a t  100, 200, and 300 eV show t h a t  t h e  c r o s s  
g g  2 

I s e c t i o n  dec reases  s t e a d i l y  a t  e a c h . k i n e t i c  energy a s  t h e  s c a t t e r i n g  

a n g l e  i n c r e a s e s  a t  ang le s  i n  t h e  range  2" ---3 14". Thus, t h e  t r a n s i -  

3 2  t i o n  resembles  t h e  2  S  t-- 1 S  t r a n s i t i o n  helium s tud ied  by D i l l o n  

[J. Chem. Phys. 63, 2035 (1975) l .  Both s i n g l e t - t r i p l e t  t r a n s i t i o n s  

belong t o  a  c l a s s  f o r  which t h e  c r o s s  s e c t i o n  i s  abnormally h igh  i n  

forward s c a t t e r i n g  a s  expected,  s i n c e  t h e  o r b i t a l  term symbol i s  t h e  

I 

same i n  ground and exc i t ed  s t a t e s .  The s tudy  of  t h e  s i n g l e t - t r i p l e t  

t r a n s i t i o n  i n  N i s  cont inuing .  
2 

Two t h e o r e t i c a l  s t u d i e s  have been complefed, one on t h e  

f u n c t i o n a l  form a t  one -e l ec t ron  momentum d i s t r i b u t i o n s  deduced from 

a l o c a l  one -e l ec t ron  p o t e n t i a l  func t ion ,  and t h e  second on t h e  

connec t ion  between genera l ized  o s c i l l a t o r  s t r e n g t h s  and c o l l i s i o n  

c r o s s  s e c t i o n s  ( i n  Born approximation)  f o r  r e sonan t  energy t r a n s f e r  

i n  t h e  c o l l i s i o n  of two molecules .  

Modif ica t ions  i n  t he  c o l l i s i o n  c e l l  and e l e c t r o s t a t i c  l e n s  

system of  an  e l e c t r o n  spectrometer  a r e  planned. A new p res su re  gauge, 

which ex tends  a c c u r a t e  p re s su re  measurements i n  t h e  c o l l i s i o n  c e l l  t o  

p re s su re s  lower by t e n f o l d ,  has  been i n s t a l l e d  and is  i n  use.  

iii 



The fo l lowing  progress  r e p o r t  i s  organized w-ith t h e  same 

I s e c t i o n  numbers a s  t h e  proposal  submitted l a s t  y e a r ,  so  t h a t  t h e  I 

s t a t u s  of each i tem i s  c l e a r l y  and s p e c i f i c a l l y  s t a t e d .  There a r e  

two except ions .  Sec t ion  2.6 d e s c r i b e s  two r e s e a r c h e s ,  i n  sub-sec- 

t i o n s  2.61 and 2.62, which were n o t  proposed l a s t  year .  The c r o s s  

~ s e c t i o n  s tudy  of Sec t ion  2.5 occupied the  e l e c t r o n  spectrometer  

~ s o  completely t h a t  o t h e r  r e sea rches  us ing  t h a t  ins t rument  could 

I , n o t  be done. Hence, t h e  two t h e o r e t i c a l  r e sea rches  were under- 
I 
I 

t aken  and a r e  descr ibed  i n  Sec t ion  2.6. One i s  completed and a  

manuscript  has been accepted f o r  pub l i ca t ion .  The second i s  being 

cont inued under o t h e r  auspices . (See  Sec t ion  2.62.) 



i 
2. RESEARCH PROGRAM .?'% > 2 . * 

;;' ,. 
2 .1  P res su re  Measurement. 

Polyatomic molecules a r e  such s t r o n g  s c a t t e r e r s  t h a t  m u l t i p l e  

c o l l i s i o n s  a r e  important  un le s s  lower p re s su res  o r  s h o r t e r  path l eng ths  

(o r  bo th)  can be used. To o b t a i n  lower p re s su res ,  a  more s e n s i t i v e  

p re s su re  gauge i s  necessary .  I n s t a l l a t i o n  of a  new p res su re  gauge was 

proposed f o r  t h e  c u r r e n t  c o n t r a c t  per iod .  An improved ve r s ion  of t h e  

capac i t ance  manometer (MKS Instrument  Co.) was purchased and i n s t a l l e d .  

A f t e r  ex t ens ive  t e s t i n g  and development, t h e  f i r s t  p re s su re  head was 

found t o  be u n s a t i s f a c t o r y  because of excess ive  no i se .  A second head,  

of  d i f f e r e n t  des ign ,  was t r i e d  and found t o  be s a t i s f a c t o r y .  P re s su res  

a s  l o w  a s  0 .01  micron ( 1  x  Torr )  can be measured wi th  an accuracy 

of  about  5%. The gauge i s  more s e n s i t i v e  by a  f a c t o r  of t e n  than  

t h e  gauge p rev ious ly  used. I t s  performance i s  s a t i s f a c t o r y .  No 

f u r t h e r  changes a r e  needed and none a r e  planned. 

2 .2  Modif ica t ion  o f  C o l l i s i o n  C e l l  

Modif ica t ion  of t h e  c o l l i s i o n  c e l l  ( t o  s h o r t e n  path length  

of  e l e c t r o n s  through t h e  s c a t t e r i n g  gas and reduce  m u l t i p l e  c o l l i s i o n s )  

has  been delayed pending completion of t h e  c r o s s  s e c t i o n  s tudy  on t h e  

3 + 
t r a n s i t i o n  E ,X - i n  N ( s e e  Sec t ion  2 .5 ) .  When t h i s  

i3 g  2 

mod i f i ca t ion  i s  made, t h e  e l e c t r o s t a t i c  l e n s  system between monochromator 

and c o l l i s i o n  c e l l  w i l l  a l s o  be changed.. See accompanying renewal 
, 

proposa l .  



The i n v e s t i g a t i o n  of  H20 i s  completed and published [K .  N.  

K P m p  and E .  N. L a s s e t t r e ,  Can. J .  Phys. 53, 1825 (1975) l .  No add i -  

t i o n a l  r e s e a r c h  i s  planned. 

The experimental  s tudy  o f  CO i s  f i n i s h e d .  A manuscript  has  
2 

not been prepared a s  y e t ,  b u t  t h i s  w i l l  be done a s  soon a s  t ime permits .  

No f u r t h e r  r e s e a r c h  has  been done on benzene bu t  s t r o n g  

r e a s o n s  have developed f o r  determining genera l ized  o s c i l l a t o r  s t r e n g t h s  

on a (weak) v i b r o n i c a l l y  allowed t r a n s i t i o n  i n  benzene and another  i n  

ace tone .  This  i s  d i scussed  i n  an  accompanying proposal .  

For d i s c u s s i o n  of t h e  s i n g l e t - t r i p l e t  c o l l i s i o n  c r o s s  s e c t i o n  

s t u d y  on N s ee  Sec t ion  2.5 below. 
2  ' 

2.4 Search f o r  S i n g l e t - T r i p l e t  T r a n s i t i o n s  wi th  Same 

Term Symbols i n  Ground and Exci ted 

S t a t e s  E l e c t r o n  Impact Spec t ra  

A s ea rch  f o r  new s i n g l e t - t r i p l e t  t r a n s i t i o n s ,  wi th  t h e  same 

t e r m  symbols i n  ground and exc i t ed  s t a t e s ,  was proposed du r ing  t h e  

p r e s e n t  c o n t r a c t  per iod.  Polyatomic subs tances  (CH F ,  Propylene,  3 

unsymmetr ical ly  s u b s t i t u t e d  ke tanes  and aldehydes)  were t o  be employed. 

T h i s  s tudy  has  been de fe r r ed  pending completion of t h e  s i n g l e t - t r i p l e t  

c o l l i s i o n  c r o s s  s e c t i o n  s tudy  descr ibed  i n  Sec t ion  2.5 below. 

2.5 C o l l i s i o n  Cross Sec t ion  S t u d i e s  

It was proposed l a s t  year  t h a t  e l e c t r o n  c o l l i s i o n  c r o s s  

s e c t i o n s  f o r  t he  t r a n s i t i o n  E ~ X +  + x2z+ i n  N should be d e t e r -  
g g 2 



mined over  t h e  i n i t i a l  e l e c t r o n  k i n e t i c  energy range 25-500 eV. 

This  c r o s s  s e c t i o n  s tudy  i s  s t i l l  i n  progress  bu t  i s  near ing  complet ion,  

a s  descr ibed  below. 

Simultaneous wi th  t h e  de t e rmina t ion  of c o l l i s i o n  c r o s s  s e c t i o n s ,  

a n  e x t e n s i v e  e x p l o r a t i o n  of  t h e  l i m i t s  of  k i n e t i c  energy c a p a b i l i t y  of 

t h e  e l e c t r o n  spec t rometer  was undertaken. It was necessary  t o  do t h i s  

s i n c e  we a r e  now aiming a t  q u a n t i t a t i v e  c o l l i s i o n  c r o s s  s e c t i o n  d e t e r -  

mina t ions ,  whereas t he  l a s t  e x p l o r a t i o n  of  t h i s  type  was done t o  

e s t a b l i s h  t h e  l i m i t s  w i t h i n  which e l e c t r o n  impact s p e c t r a  can be ob- 

t a i n e d ,  a  l e s s  demanding a p p l i c a t i o n .  This  e x p l o r a t i o n  was very  time 

consuming because t h e  c r o s s  s e c t i o n  s tudy ,  on t h e  s i n g l e t - t r i p l e t  

t r a n s i t i o n  mentioned above, i s  t h e  most d i f f i c u l t  t h a t  we have ever  

undertaken both because of low i n t e n s i t i e s  and because t h e  t r a n s i t i o n  

1 of  i n t e r e s t  i s  superimposed on ano the r  whose r e l a t i v e  i n t e n s i t y  changes 

I with  both s c a t t e r i n g  a n g l e  and k i n e t i c  energy of inc idence .  The i n -  ~ v e s t i g a t i o n  showed t h a t  r e l a t i v e  i n t e n s i t i e s  can be determined q u a n t i -  

~ t a t i v e l y  be.tweon 50 eV and 300 eV i n c i d e n t  k i n e t i c  energy. With the  

r e c e n t  spec t rometer  c o n f i g u r a t i o n  q u a n t i t a t i v e  de t e rmina t ions  on t h e  

s i n g l e t - t r i p l e t  t r a n s i t i o n  could n o t  be done a t  k i n e t i c  ene rg i e s  below 

50 eV. The upper l i m i t ,  3.00 eV, a p p l i e s . o n l y  t o  t h e  s i n g l e t - t r i p l e t  

t r a n s i t i o n .  More i n t e n s e  t r a n s i t i o n s  can be ,  and have been, s tud ied  

a t  k i n e t i c  ene rg i e s  up t o  600 eV and h ighe r  k i n e t i c  e n e r g i e s  could 

be used a f t e r  some minor mod i f i ca t ions .  Cross s e c t i o n  s t u d i e s  a t  lower 

k i n e t i c  ene rg i e s  r e q u i r e  mod i f i ca t ion  of  t h e  e l e c t r o s t a t i c  l e n s  system 

between monochromator and c o l l i s i o n  c e l l .  This  po in t  is  d iscussed  

l a t e r .  



The s i n g l e t - t r i p l e t  t r a n s i t i o n  under c o n s i d e r a t i o n  occurs  a t  

1 + a n  energy l o s s  o f  11.87 eV. The t r a n s i t i o n  a "  'X+ ;t f-- X is  the  
g g  

corresponding s i n g l e t - s i n g l e t  t r a n s i t i o n  and occurs  a t  an energy l o s s  

o f  12.26 eV. The behavior  of t h e s e  two t r a n s i t i o n s  wi th  change i n  

s c a t t e r i n g  ang le  a t  t h r e e  d i f f e r e n t  k i n e t i c  ene rg i e s  of inc idence ,  

50 eV, 100 eV and 200 eV a r e  shown i n  F igures  1, 2 ,  and 3 ,  r e s p e c t i v e l y .  

The two t r a n s i t i o n s  of  i n t e r e s t  a r e  apparent  a t , t h e  extreme r i g h t  of  

each f i g u r e .  The t r a n s i t i o n  a t  11.87 eV i s  superimposed on o t h e r ,  

l e s s  i n t e n s e ,  t r a n s i t i o n s  which appear a s  a  "background" which must 

be  sub t r ac t ed  o f f  i n  c r o s s  s e c t i o n  de termina t ions .  Designate  t h e  

c r o s s  s e c t i o n  f o r  t h e  s i n g l e t - t r i p l e t  t r a n s i t i o n  by aT, t h a t  f o r  t h e  

s i n g l e t - s i n g l e t  t r a n s i t i o n  by a and t h e  c r o s s  s e c t i o n  f o r  e l a s t i c  S ' 
s c a t t e r i n g  by a . Then it i s  t h e  usua l  procedure t o  f i r s t  determine 

e  

t h e  r a t i o  uT/aS. Then t h e  r a t i o  oS/oe i s  determined i n  c a s e s  where 

t h e  e l a s t i c  c r o s s  s e c t i o n  i s  known. Then from t h e  r a t i o  oS/oe and 

t h e  va lue  of  u t h e  va lue  of  a can be obta ined .  
S OT 

i s  found from 
e  

t h e  r a t i o  crT/aS. 

A s i n g l e t - t r i p l e t  t r a n s i t i o n  f o r  which t h e  o r b i t a l  term 

symbol i s  t h e  same i n  ground and exc i t ed  s t a t e  has  abnormally high 

c r o s s  s e c t i o n  a t  small  s c a t t e r i n g  ang le s  and high k i n e t i c  energy. 

T h i s ,  a t  l e a s t ,  i s  t h e  hypo thes i s  which i s  be ing  exper imenta l ly  t e s t e d .  

Obviously,  high k i n e t i c  energy and smal l  s c a t t e r i n g  ang le  must be 

employed i n  t e s t i n g  t h e  hypo thes i s ,  and t h i s  i s  t h e  primary source of 

d i f f i c u l t y .  For t h e  t r a n s i t i o n  i s  weak ( r e l a t i v e  ..to o t h e r  s i n g l e t -  

s i n g l e t  t r a n s i t i o n s )  and hence l a r g e  angu la r  a p e r t u r e s  a r e  e s s e n t i a l .  



Energy Loss ( e V )  
" ., --- 

FIG. 1 E l e c t r o n  energy  l o s s  s p e c t r a  o f  N Energy o f  i n c i d e n t  
2 ' 

e l e c t r o n s  i s  50 eV. S c a t t e r i n g  a n g l e ,  t ,  i s  (a) 14O, 

(b) lo0,  ( c )  5 O ,  (d )  0'. 

. -.-. - A --.-.--a 
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FIG. 2 Electron energy loss  spectra of N2. Energy of  incident 

electron. i s  LOO eV. Scat ter ing angle i s  ( a )  l o 0 ,  

(b) s o ,  ( c )  oO* 
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Energy L o s s  ( e V )  

FIG. 3 Elec t ron  energy l o s s  s p e c t r a  of  N2. Energy o f  i n c i d e n t  

e l e c t r o n s  i s  200 eV. 



This  n o t  on ly  in t roduces  jmxirnirn u n c e r t a i n t y  a t  smal l  s c a t t e r i n g  angle  

( p r e c i s e l y  the  r e g i o n  of  g r e a t e s t  . i n t e r e s t )  bu t  even more important 

t h e  r e p r o d u c i b i l i t y  a t  small  s c a t t e r i n g  ang le  i s  poor because such 

wide s l i t s  a r e  employed t h a t  a  change i n  i n t e n s i t y  d i s t r i b u t i o n  i n  

t h e  i n c i d e n t  e l e c t r o n  beam g ives  r i s e  t o  an  apparent  change i n  angle .  

Under t h e s e  cond i t i ons ,  we must expect  g r e a t e r  s c a t t e r  i n  t h e  c r o s s  . 

s e c t i o n  d a t a  than  we have had i n  previous r e sea rch .  

C o l l i s i o n  c r o s s  s e c t i o n s  f o r  t h e  s i n g l e t - t r i p l e t  t r a n s i t i o n ,  

ob ta ined  t o  d a t e ,  a r e  shown i n  Table 1. A t  each k i n e t i c  energy,  t h e  
I 

I c r o s s  s e c t i o n  dec reases  s t e a d i l y  wi th  i n c r e a s e  i n  s c a t t e r i n g  ang le .  

This  i s  q u a l i t a t i v e l y  s i m i l a r  t o  t h e  behavior  found by Di l lon  [J. Chem. 

3 1 Phys. 63. 2035 (1975)l f o r  t h e  t r a n s i t i o n  2 S f---- 1 S  i n  helium 

over  t h e  same range  of s c a t t e r i n g  angle .  Hence, t h e  abnormal behavior  

of  t h e  s i n g l e t - t r i p l e t  t r a n s i t i o n  i n  n i t r o g e n  i s  confirmed. The term 

11 abnormal" is  used a s  a  c o n t r a s t  t o  t h e  behavior  expected from t h e  f i r s t  

Born approximation with exchange (Born-Oppenheimer approximation) .  A t  

50 eV only  t h e  r a t i o  o  /a has been determined. This  i s  shown i n  Fig.  4 .  
T  S  

The r a t i o  aS/o was a l s o  measured, bu t  we have no e l a s t i c  c r o s s  s e c t i o n  
e  

a t  t h i s  k i n e t i c  energy and hence a cannot  y e t  be  c a l c u l a t e d .  Other 
T  

methods of c a l i b r a t i n g ,  n o t  r e q u i r i n g  e l a s t i c  c r o s s  s e c t i o n s ,  a r e  under 

c o n s i d e r a t i o n  but  have not  y e t  been used. The c r o s s  s e c t i o n s  a t  300 eV 

i n  Table 1 a r e  s u b j e c t  t o  l a r g e  e r r o r s .  Add i t i ona l  de t e rmina t ions  on 

t h e s e  q u a n t i t i e s  w i l l  be done. (See Sec t ion  3 . )  
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2.6 New Researches.  

The s i n g l e t - t r i p l e t  c r o s s  s e c t i o n  s t u d i e s  descr ibed  i n  

S e c t i o n  2.5 occupied t h e  e l e c t r o n  spec t rometer  completely f o r  such 

long pe r iods  t h a t  no o t h e r  experimental  r e s e a r c h  could be done. Hence, 

two t h e o r e t i c a l  r e sea rches  were i n i t i a t e d ,  one by E. N .  L a s s e t t r e  

mentioned i n  Sec t ion  2.61 below and t h e  second by Winifred M. Huo i n  

S e c t i o n  2.62 below. These were b r i e f l y  descr ibed  i n  an  accompanying 

t e c h n i c a l  r e p o r t  cover ing  t h e  period January 1, 1970 t o  J u l y  1, 1976. 

E s s e n t i a l l y ,  t h e  same account  of each r e s e a r c h  i s  given i n  t h e  f o l -  

lowing two s e c t i o n s .  

2.61 Momentum Eigenfunct ions .  

An i n v e s t i g a t i o n  of momentum e igen func t ions  has  been under- 

taken  f o r  two reasons .  F i r s t ,  t h e  mathematical methods used by o t h e r s  

i n  t h e  s tudy  of  form f a c t o r s  can be app l i ed  wi th  l i t t l e  o r  no modif ica-  

t i o n  t o  momentum e igen func t ions  f o r  atoms and molecules .  Second, we 
I 

need ( f o r  molecules)  approximate e igen func t ions  s i m i l a r  t o  Hartree-Fock 

func t ions  f o r  atoms i n  o rde r  t o  c a r r y  out  approximate c o l l i s i o n  ampli tude 

c a l c u l a t i o n s  t o  use  i n  d i r e c t i n g  our experiment ,  e s p e c i a l l y  on s i n g l e t -  

t r i p l e t  t r a n s i t i o n s .  Although quantum chemists  have made impressive 

progress  on energy c a l c u l a t i o n s  us ing  Gaussion b a s i s  s e t s  t h e  e igen-  

f u n c t i o n s  a r e  never  publ ished and a r e  almost completely i n a c c e s s i b l e  

t o  us.  Therefore ,  t h e  problem of express ing  t h e  p o t e n t i a l  energy V of  a n  

e l e c t r o n  i n  a  molecule  a s  a  sum of atom centered  p o t e n t i a l s ,  u s ing  t h e  

p o t e n t i a l  func t ion  mentioned i n  Sec t ion  6.2,  has  been considered.  Next, 



we have considered t h e  p o t e n t i a l  func t ion  Un from which we can o b t a i n  

I a tomic  o r b i t a l s  @ which p a r t i c i p a t e  i n  l i n e a r  combinations t o  form 
n  

molecul.ar o r b i t a l s  @ 

The func t ion  Q s a t i s f i e s  a  one -e l ec t ron  schr;dinger type  equat ion  
n  

I f  s u c c e s s f u l  i n  ob ta in ing  Un, t h i s  equat ion  could be i n t e g r a t e d  by con- 

v e n t i o n a l  methods somewhat s i m i l a r  t o  t h e  s e l f  c o n s i s t e n t  f i e l d  pro- 

cedure.  It i s  p o s s i b l e  t o  formula te  t h i s  problem i n  a  manner s u i t a b l e  

f o r  numerical  c a l c u l a t i o n .  This  has  been done, a manuscript  has  been 

prepared and accepted f o r  pub l i ca t ion .  ( I tem 21 of t h e  p u b l i c a t i o n  

l i s t . )  Ques t ions  have a r i s e n  about  the  p o t e n t i a l  func t ion  which 

would r e q u i r e  a n  i n v e s t i g a t i o n  o f  many months d u r a t i o n ,  t oo  long t o  

be of  va lue  i n  t h e  p re sen t  p r o j e c t .  Therefore ,  a  proposal  has  been 

submit ted t o  NSF f o r  t h e  suppor t  of a  r e s e a r c h  program which i s  en- 

t i r e l y  t h e o r e t i c a l .  (See Sec t ion  4.) I f  t h e  proposal  i s  funded, t h e  

r e s e a r c h  w i l l  be  resumed under NSF ausp ices .  As f a r  a s  t h e  p re sen t  

r e s e a r c h  program i s  concerned, t h i s  i n v e s t i g a t i o n  has been terminated.  

2.62 Resonant Energy Transfer  Cross Sec t ions .  
(Winifred M. Huo) 

A t y p i c a l  energy t r a n s f e r  r e a c t i o n  t akes  p l ace  when an e x c i t e d  



I 1 

molecule D c o l l i d e s  wi th  A and e x c i t e s  i t  t o  A whi le  D' undergoes 

t r a n s i t i o n  t o  a  lower energy s t a t e  D wi th  energy evo lu t ion  DE, i . e . ,  

A f t e r  some manipula t ion ,  which w i l l  be omi t ted ,  t he  Born approximation 

f o r  t h e  d i f f e r e n t i a l  c o l l i s i o n  c r o s s  s e c t i o n  can be put i n t o  t h e  form 

where M i s  t h e  reduced mass and 
I-1 

I n  t h e s e  formulas r r e p r e s e n t s  t h e  p o s i t i o n  vec to r  of  t h e  jth e l e c t r o n  
-jA 

i n  molecula  A and t h e  summation ex tends  over  a l l  e l e c t r o n s  of molecule A. 

The e igen func t ions  i n  t h e  ground and exc i t ed  s t a t e s  a r e  qA, qA1 . The 

cor responding  q u a n t i t i e s  f o r  molecule D a r e  obvious. Also ko and ke 

a r e  t h e  i n i t i a l  and f i n a l  ( r e l a t i v e )  momenta and WA, WD a r e  t h e  e x c i t a -  

t i o n  e n e r g i e s .  The 'vec to r  5 i s  t h e  r e l a t i v e  momentum change of  t h e  

c e n t e r  of mass of A i n  c o l l i s i o n .  That f o r  D i s  -..I$ The q u a n t i t i e s  

f and f  have p r e c i s e l y  t h e  same form a s  t h e  gene ra l i zed  o s c i l l a t o r  A D 



s t r e n g t h s  i n  e l e c t r o n  molecule c o l l i s i o n s  but  5 i s  now t h e  momentum 

change o f  the  c o l l i d i n g  e l e c t r o n  and ko, k a r e  t h e  i n i t i a l  and f i n a l  
f  

momenta. Because M i s  s o  much b igger  t han  t h e  mass of an e l e c t r o n  
I-I 

t h e  momentum change K accompanying t h e  c o l l i s i o n  o f  molecules A and D '  

( t o  produce A '  + D) covers  about  t he  same range  f o r  molecules i n  t h e  

thermal  energy range  a s  K does f o r  molecule c o l l i s i o n s  with e l e c t r o n s  

having  k i n e t i c  ene rg i e s  of hundreds of  v o l t s ,  j u s t  t h e  r e g i o n  which 

w e  a r e  s tudying  exper imenta l ly .  The f a c t  t h a t  a  c o l l i s i o n  c r o s s  sec-  
I 

t i o n  ( i n  Eorn approximation)  f o r  molecule-molecule s c a t t e r i n g  i s  ob- 

~ t a i n a b l e  from gene ra l i zed  o s c i l l a t o r  s t r e n g t h s  obta ined  by e l e c t r o n -  

molecule  s c a t t e r i n g  seems t o  u s  t o  be h i g h l y  s i g n i f i c a n t  because i t  

makes poss ib l e  t h e  p r e c i s e  de te rmina t ion  of t h e  c r o s s  s e c t i o n  i n  

1 Born approximation. ~ The importance of  t h e  formula f o r  t he  Born c r o s s  s e c t i o n  

can be i l l u s t r a t e d  by cons ide r ing  t h e  fol lowing r e a c t  ion 

R e l a t i v e  c r o s s  s e c t i o n s  have been measured by E.  H. F ink ,  D.  Wallach, 

and C. B. Moore [J. Chem. Phys. 56, 3608 (1972)] and made a b s o l u t e  by 

us ing  t h e  measured quenching c r o s s  s e c t i o n  de t e rmina t ions  of  J .  R. 

McNeely, C. S. H u r s t ,  E.  B. Wagner, and M. G. Payne [J. Chem. Phys. 

63,  2717 (1975)l .  The r e s u l t s  a r e  given i n  Table of F ig ,  5 ( s ee  - 
column 6 ) .  The c o l l i s i o n  c r o s s  s e c t i o n  c a l c u l a t e d  from the  above 



t r'lgure 3 

Winifred M. Huo 

Summary of resu l t s  of t h e  react ion a t  300'~. 16. 

3 I + 1 I + A r (  PI) + HD (X C , v =o, J) -- A r (  5 1 + HD (B X ,. v'  =3, J') 
0 

" 2 
Thermal  averaged cross section (A 1 

Reaction # J - - J '  ~ ~ ( c r n - ' )  ' 

Calculated Experimental Ca lc iEx~ t l .  

A 1 2 3.7 31.3 39.1 , 0.80 
. .. - .  B 0 I -34 "" } 11.4 

I ' - .  

C 2 1 233 0.06 
, 14.1 

I .  

0.81 

D I 0 81 2.4 0.82 2.9 

E 2 .  3 - 104 1.6 0.27 5.9 ~ 
I 

F 3 4 267 0.02 c 0 . 2  

6 4 5 492 0.0003 - 0,l 

46.7 
/ 

54.3 0.86 

- 

- 

- 3.0 .- .- - 41.0 8 1.8 3 .C 
L o g  !d2 -- ----... - - -  --- - - --- 

~ e l a t i v e  general ized osci l lator s t reng th  fo r  the excitation of Ar. 
R. Albat, N. Gruen, and W. Wirsam, J. Phys. 88, - Lg2 (1975). 



f o r m u l a s ,  i n t e g r a t e d  o v e r  a n g l e ,  and averaged over  t h e  the rmal  v e l o c i t y  

d i s t r i b u t i o n  i s  g i v e n  i n  column 5.  'The r e s o n a n t  energy  gap,  L E Y  i s  

g i v e n  i n  column 4.. To c a l c u l a t e  t h e  c r o s s  s e c t i o n s ,  t h e  g e n e r a l i z e d  

o s c i l l a t o r  s t r e n g t h s  must be known. That  f o r  a r g o n  i s  g i v e n  i n  F ig .  5.  

For  hydrogen t h e  shape  o f  t h e  o s c i l l a t o r  s t r e n g t h  c u r v e  was assumed 

t o  be g i v e n  by t h e  c a l c u l a t i o n s  o f  M i l l e r  and Krauss  [ J .  Chem. Phys. 

4 7 ,  3754 ( 1 9 6 7 ) l .  For  b o t h  a r g o n  and hydrogen,  t h e  o s c i l l a t o r  s t r e n g t h  - 
c u r v e s  were  normal ized t o  g i v e  t h e  c o r r e c t  (measured) o p t i c a l  o s c i l l a t o r  

3  s t r e n g t h .  I n  t h e  c a s e  o f  a r g o n  t h e  s t a t e  i s  l a b e l e d  

d u e  t o  s p i n  o r b i t  c o u p l i n g  t h e  s i n g l e t  and t r i p l e t  a r e  mixed. I t  i s  

t h e  s i n g l e t  component which g i v e s  t h e  non-van i sh ing  g e n e r a l i z e d  o s -  

c i l l a t o r  s t r e n g t h  and t h a t  i s  t h e  c u r v e  shown i n  F ig .  5. . T h e  r e s o n a n t  

energy  t r a n s f e r  does  n o t  i n v o l v e  a.ny change i n  m u l t i p l i c i t y  because  

o n l y  t h e  s i n g l e t  i s  a c t i v e .  S i n c e  t h e  i n v e s t i g a t i o n  i s  s t i l l  i n  

p r o g r e s s ,  t h e  c a l c u l a t e d  c r o s s  s e c t i o n s  shown Fn t h e  t a b l e  o f  F ig .  5  

a re  s t i l l  t o  some e x t e n t  t e n t a t i v e .  0( 
- 

The r e s u l t s  d e s c r i b e d  above were  o b t a i n e d  w h i l e  Win i f red  Huo 

was suppor ted  i n  p a r t  (20%) on our  ERDA suppor ted  program from J u l y  I 

1975 t o  December 3 1 ,  1975. She i s  now suppor ted  by a  Pe t ro leum Research 

Fund (American Chemical S o c i e t y )  G r a n t  ( s i n c e  J a n u a r y  1, 1976).  The 

i n v e s t i g a t i o n  i s  c o n t i n u i n g  under  t h o s e  a u s p i c e s .  



3 .  RESEARCII TO BE COMPLETED I N  PRESEN'T*CONTRACT PERIOD 

Explora t ion  of l i m i t i n g  k i n e t i c  e n e r g i e s  f o r  t h e  t r a n s i t i o n  

1 + 
E~ X+ X X .in N showed t h a t  the l e n s  system between monochromator 

6  g  2  

and c o l l i s i o n c e l l  must be r ev i sed  f o r  s t a b l e ,  low k i n e t i c  energy, 

ope ra t ion .  Revision of t h i s  l e n s  system w i l l  be combined wi th  modif ica-  

t i o n  of  t h e  c o l l i s i o n  c e l l  (Sec t ion  2.2)  t o  sho r t en  the  path length  

of  e l e c t r o n s  through t h e  s c a t t e r i n g  c e l l .  So a s  t o  avoid i n t e r f e r e n c e  

wi th  ope ra t ions  wh i l e  t h e  s i n g l e t - t r i p l e t  c r o s s  s e c t i o n s  a r e  completed 

(Sec t ion  2 .5)  a  completely new u n i t ,  i nc lud ing  e l e c t r o s t a t i c  l e n s e s ,  

w i l l  be designed and cons t ruc t ed .  This  u n i t  w i l l  be r e t a i n e d  i n  s tandby 

c o n d i t i o n  u n t i l  a.11 experiments u s ing  t h e  presen.t  c e l l  have been com- 



. p l e t e d .  It i s  bel ieved t h a t  t he  des ign  and c o n s t r u c t i o n  w i l l  be com- 

pl.eted by J u l y  1, 1976. I f  n o t ,  t h e  p r o j e c t  w i l l  be continued i n t o  

t h e  nex t  c o n t r a c t  per iod.  The search  f o r  s i n g l e t - t r i p l e t  t r a n s i t  ions 

descr ibed  i n  Sec t ion  2.4 w i l l  be de fe r r ed  u n t i l  t h i s  new c e l l  and l ens  

a r e  i n s t a l l e d .  This  probably means con t inua t ion  i n t o  t h e  next  con- 

t r a c t  per iod . 
The c r o s s  s e c t i o n  s tudy  of Sec t ion  2.5 w i l l  be completed 

be fo re  J u l y  1, 1976. Except f o r  a  few measurements a t  300 eV, i t  i s  

n e a r l y  complete now. 

4. STATUS OF RESEARCH SUPPORTED BY AFOSR AND NSP 

A new e l e c t r o n  spectrometer  has  been developed on a  program 

supported wi th  a  g ran t  from the  A i r  Force O f f i c e  of S c i e n t i f i c  Research. 

This  g r a n t  terminated on December 31,  1974 and was not  extended. We d i d  

no t  have enough n o t i c e  t o  o b t a i n  a  replacement g r a n t  by January 1, 1975. 

However, a  g ran t  from t h e  Nat iona l  Science Foundation was rece ived  f o r  

two yea r s  e f f e c t i v e  May 1, 1975. This  enab le s  t h e  exper imenta l  p a r t  
C 

o f  t h e  program t o  go forward wi th  two persons ,  E. N .  L a s s e t t r e ,  

P r i n c i p a l  I n v e s t i g a t o r  (35%) and Michael A .  D i l l o n ,  Co-Principal  In -  

v e s t i g a t o r  (100%). This  r e s e a r c h  involves  t h e  s tudy  of  i o n i z a t i o n  

cont inua  us ing  a newly developed spec t rometer  and f a s t  co inc idence  

techniques .  There i s  no ove r l ap  o r  c o n f l i c t  wi th  t h e  program ou t l i ned  

i n  previous s e c t i o n s  of t he  proposa l ,  bu t  i t  i s  bel ieved t h a t  t h e  r e -  

s u l t s  a r e  of cons ide rab le  i n t e r e s t  i n  s e v e r a l  a r e a s  of  Radio logica l  

Physics .  This  spec t rometer ,  wi th  f a s t  co inc idence  c a p a b i l i t y ,  i s  



United S t a t e s  and t h e  most advanced des ign  i n  e x i s t e n c e  anywhere. 

The above g r a n t  from the  Na t ibna l  Science Foundation provides 

I f o r  D r .  Michael A. D i l l o n ,  who was supported by t h e  AFOSR p r o j e c t  be fo re  I 
- I 

i t s  t e rmina t ion .  D r .  Winifred M. Huo was a l s o  supported by t h e  AFOSR ~ 
Grant  be fo re  i t s  t e rmina t ion  on December 31 ,  1974. Dur.ing a l l  of I 

I 1975, D r .  Huo was supported most ly by Carnegie-Mellon Un ive r s i t y  I 
endowment funds except  f o r  10% of her  t ime on the  present  c o n t r a c t  

( s h e  obta ined  equat ion  1 of Sec t ion  2 .6  and t e s t e d  i t  numer ica l ly  

dur ing  t h i s  t ime) and 10% on ano the r  p r o j e c t .  To o b t a i n  f u r t h e r  sup- 

p o r t  f o r  h e r ,  a proposal  was submitted t o  t h e  Petroleum Research Fund 

of t h e  American Chemical Socie ty  (ACS). This  g r a n t  was approved e f -  

f e c t i v e  September 1, 1976, bu t  we rece ived  permission t o  make an 
Q I 

e a r l y  beginning,  January 1, 1976. The g r a n t  (E. N.  L a s s e t t r e  - P r i n c i p a l  
I 
I 

I n v e s t i g a t o r )  pays 2/3 of D r .  Huo's s a l a r y .  Carnegie-Mellon Un ive r s i t y  
I 

pays t h e  remainder.  I n  view of  t h e  U n i v e r s i t y ' s  continued ( p e r p e t u a l ? )  

f i n a n c i a l  s t r i ngency ,  a proposal  was made t o  t h e  Nat iona l  Science 

I Foundation f o r  t h e  suppor t  o f  a  t h e o r e t i c a l  program designed p r imar i ly  
I 

t o  suppor t  t h e  r e s e a r c h  of D r .  Huo and one pos t -doc to ra l  f e l l ow t o  be 

d i r e c t e d  by he r .  A smal l  f r a c t i o n  of the  t ime of  E. N .  L a s s e t t r e  would 

a l s o  be involved.  A backup and somewhat modif ied,  v e r s i o n  of t h i s  

proposa l  was submitted t o  t h e  Phys i ca l  Div is ion  of  ERDA. F i n a n c i a l  

and o t h e r  d e t a i l s  a r e  given i n  an  accompanying renewal  proposal .  



. 

5. PUBLICATIONS 21. 

A l l  p u b l i c a t i o n s  sponsored  by ERDA s i n c e  t h e  b e g i n n i n g  of t h e  

p r o j e c t  a r e  l i s t e d .  Those sponsored  by AFOSR'over t h e  same p e r i o d  a r e  

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

p r o p o s a l  a r e  marked w i t h  a n  a s t e r i s k .  

5 . 1  Supported by ERnA 

5 . 1 1  P u b l i s h e d  

1) - S k e r b e l e ,  A. and E. N. L a s s e t t r e ,  "Genera l i zed  O s c i l l a t o r  S t r e n g t h s  
f o r  t h e  61so  + 61p1 T r a n s i t i o n  i n  bfercury," J o u r n a l  o f  Chemical  P h y s i c s  
52 ( 5 ) ,  2708-2711 (1970) .  - 

2) S k e r b e l e ,  A. and E .  N .  L a s s e t t r e ,  "Absolute  E l e c t r o n  C o l l i s i o n  Cross  
S e c t i o n s  f o r  Two Forb idden  T r a n s i t i o n s  i n  N i t r o g e n  a t  K i n e t i c  E n e r g i e s  
of 300-500 eV," J o u r n a l  o f  Chemical  P h y s i c s  - 5 3  ( l o ) ,  3806 (1970) .  

3) L a s s e t t r e ,  E.  N . ,  " F u r t h e r  S e l e c t i o n  Rules  i n  E x c i t a t i o n  by E l e c t r o n  
Impact a t  Smal l  Momentum Changes," J o u r n a l  5 3  ( l o ) ,  
3801 (1970) .  

4)  L a s s e t t r e ,  E. N .  and A. S k e r b e l e ,  "Absol.ute C u n e r a l i z e d  O s c i l l a t o r  
. S t r e n g t h s  f o r  Four E l e c t r o n i c  T r a n s i t i o n s  i n  Carbon Monoxide," J o u r n a l  
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