
t 

' *  

/," . '  

9 5 

I 

I 

-.. 
! 

X- 640- 68% 

EXCITfiTION OF HYDROGEN MOLECULES 
BY ELECTRON IMPACT, II 

EXCITATION Td ( 3 p n . W u )  STATE 
c 

I 

, -  I 

GPO PRICE $ 

CFSTI PRICE(S) $ 

, 
1 Hard copy (HC) 

Microfiche (MF) r5O I BY 
W663 July66 S. P. KHARE 

\ 

, 

\ 

JULY 1966 I 

I GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 



I d E x c i t a t i o n  of  Hydrogen Molec i i l e s  by 

E l e c t r o n  I m p a c t ,  I1 

- E x c i t a t i o n  t o  D(3pn’n  ) S t a t e  - 
I1 

I-. . 
“Y 

S.  P .  Khare”? 

L a b o r a t o r y  f o r  T h e o r e t i c a l  S t i i d i e s  
NASA-Goddard Space F l i g h t  C e n t e r  

G r e e n b e l t ,  Maryland  
- I  

,’I ‘1 

ABSTRACT NL77 I I  997 

The i n v e s t i g a t i o n  of t h e  e x c i t a t i o n  of  t h e  hydrogen molec i i le  

by e l e c t r o n  i m p a c t ,  employ ing  o n e - c e n t e r  wave f i i n c t i o n s  and Born 

and Born -0chkiir a p p r o x i m a t i o n s  , h a s  been e x t e n d e d  t o  t h e  D (  3prr’nll) 

e x c i t e d  s t a t e  ( t h e  e x c i t a t i o n  t o  t h e  B and  C s ta tes  o f  t h e  hydrogen  

molec i i le  h a s  been r e c e n t l y  i n v e s t i g a t e d  by t h e  a i i t ho r  e l s e w h e r e ) .  

The o s c i l l a t o r  s t r e n g t h  i s  i n  e x c e l l e n t  ag reemen t  w i t h  t h e  e x p e r i -  

men ta l  va l i ie  of G e i g e r  and wi th  t h e  t h e o r e t i c a l  va l i ie  of  Mi i l l iken  

and R ieke .  However , 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  are l a r g e r  

f o r  K <.0.33 and smaller f o r  h i g h e r  v a l i i e s  o f  K t h a n  t h o s e  o b t a i n e d  by 

Roscoe.  The t o t a l  e x c i t a t i o n  cross  s e c t i o n s  are i n  f a i r  a c c o r d  w i t h  

t h e  estimates o f  Craggs  and Massey. 

‘$Na t iona l  Academy of S c i e n c e s  - N a t i o n a l  R e  s e a r c h  Counci  1 
R e s i d e n t  R e s e a r c h  A s s o c i a t e  
?On l e a v e  of a b s e n c e  from t h e  Depar tment  o f  App l i ed  E‘hys ics ,  U n i v e r s i t y  
of  A l l a h a b a d ,  A l l a h a b a d ,  I n d i a  



. 
R e c e n t l y  t h e  e x c i t a t i o n  of  t h e  hydrogen  molec i i le  from 

t h e  grolmd s t a t e  .Y ( ie.6 2: 5 t o  t h e  e x c i t e d  s t a t e s  

employing  one - c e n t e r  wave f i i n c t i o n s  o f  Huzinaga '  and Born 

and Ochkiir' a p p r o x i m a t i o n s ,  h a s  been i n v e s t i g a t e d  by t h e  

a i i t ho r3 .  F a i r  ag reemen t  betwen t h e  t h e o r e t i c a l  v a l i i e s  

and t h e  e x p e r i m e n t a l  res i i l t s  o f  Ge ige r*  h a s  been o b t a i n e d .  

The e x p e r i m e n t a l  i n v e s t i g a t i o n  of  G e i g e r  a l s o  i n c l u d e s  t h e  

1 b { ' '>pr R L )  s t a t e  of t h e  m o l e c u l e  and  h i s  resiilts show 

t h a t  t h e  o p t i c a l  o s c i l l a t o r  s t r e n g t h  of t h e  D s t a t e  i s  aborlt 

2.5 '$ h i g h e r  than  t o  b e  e x p e c t e d  from t h e  t h e o r e t i c a l  i n v e s t i -  

g a t i o n  o f  Roscoe5 who employed m u l t i - c e n t e r  wave f u n c t i o n s  

and t h e  i n t e g r a l s  have  been e v a l i i a t e d  o n l y  a p p r o x i m a t e l y ,  

Hence i t  i s  o f  i n t e r e s t  t o  e x t e n d  t h e  i n v e s t i g a t i o n ,  u s i n g  

o n e - c e n t e r  wave f i i n c t i o n s  which are e x p e c t e d  t o  be more 

accllrate f o r  h i g h e r  e x c i t e d  s t a t e s ,  t o  t h e  e x c i t a t i o n  of t h e  

molecu le  t o  t h e  D s ta te .  

F o l l o w i n g  t h e  n o t a t i o n s  of Pape r  I ,  f o r  t h e  o n e - c e n t e r  

6 wave f i m c t i o n  of t h e  D s t a t e  w e  have  

1 - 1 -  



Where t h e  p o s i t i o n  v e c t o r s  L I  and Ld of  t h e  moleciilar 

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

i s  t h e  
u 

R i s  t h e  i n t e r n i i c l e a r  d i s t a n c e ,  9. p j  L.r. 

m o d i f i e d  t o  

Where Y a re  n o r m a l i z e d  s p h e r i c a l  ha rmon ics .  A v a r i a t i o n a l  

c a l c i i l a t i o n  f o r  E D ,  t h e  e n e r g y  o f  t h e  D s t a t e ,  a t  R I 1.hy 

t h e  eq i i i l ib r i i in i  i n t e r n i i c l e a r  d i s t a n c e  o f  t h e  groiind s t a t e  y i e l d s  

TD = 0.338 and E D  ,-0.605660. 

ene rgy  o f  t h e  ground s t a t e ,  w e  o b t a i n  t h e  t h r e s h o l d  of t h e  

ni 

Tak ing  E o  - 1.120566', t h e  
2 

e x c i t a t i o n  p o t e n t i a l  f o r  t h e  D s ta te  t o  be 14.0 e V ,  which seems 

t o  be a r e a s o n a b l e  va l i ie4 .  

c lose  t o  - hence  f o r  h i g h e r  e x c i t e d  s ta tes  i t  s h o u l d  be a 

s a t i s f a c t o r y  ass i impt ion  t o  t a k e  1 1  eqi ia l  t o  - where n i s  t h e  

p r i n c i p a l  qiiantiim niimber of t h e  e x c i t e d  e l e c t r o n .  

I t  may be n o t e d  t h a t  TD i s  q i i i t e  
2 

1 
3 

1 
2 n 

For  b e t t e r  c o m p a r i s i o n  w e  have  red i iced  t h e  d i f f e r e n t i a l  

c ros s  s e c t i o n s  g i v e n  by Roscoe5 t o  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  i i s ing  (10) o f  Pape r  I and 11, e V  f o r  t h e  e x c i t a t i o n  

p o t e n t i a l ,  F ig r i r e  1 shows t h a t  t h e  p r e s e n t  v a l i i e s  o f  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  are larger f o r  K cO.33 and are 

s m a l l e r  f o r  h i g h e r  v a l u e s  of K t h a n  t h o s e  o b t a i n e d  by Roscoe'. 

. 
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The d i f f e r e n c e  between Ehe t w o  se ts  o f  v a l i i e s  i s  more 

pronounced f o r  h i g h e r  v a l u e s  of  K. U n f o r t u n a t e l y ,  no 

e x p e r i m e n t a l  d a t a  e x i s t s  f o r  co inpar i s ion  However t h e  

p r e s e n t  v a l u e  of t h e  o p t i c a l  o s c i l l a t o r  s t r en ; ; t h ,  wliicii 

i s  eq i ia l  t o  0.052, i s  i n  e x c e l l e n t  ag reemen t  w i t h  t h e  

G e i g e r : s b  e x p e r i m e n c a i  vai i ie  U T  O.OL+? i 8.007. 

c o i n c i d e s  w i t h  t h e  t h e o r e t i c a l  v a l n e  g i v e n  by Ml l l l iken  and 

Rieke7  where t w o - c e n t e r  a t o m i c  o r b i t a l  wave f i i n c t i o n s  w i t h  

e f f e c t i v e  n i i c l e a r  c h a r g e  eq i ia l  t o  i l n i t y  f o r  a l l  o r b i t a l s  

have  been  i i sed ,  F i g l i r e  2 shows t h a t  the  e f f e c t  of exchange  

i s  t o  red i ice  t h e  t o t a l  e x c i t a t i o n  c r o s s  s e c t i o n s  biit t h e  

e f f e c t  i s  small throi ighoi l t  which i s  similar t o  t h e  e x c i t a t i o n  

o f  t h e  hydrogen  molec i i le  t o  t h e  B and  C s ta tes3.  F u r t h e r  

w e  n o t i c e  t h a t  t h e  to ta l  e x c i t a t i o n  c r o s s  s e c t i o n s  are i n  

f a i r  a c c o r d  w i t h  t h e  estimates o f  Craggs  and Massey a 

However, i t  may be p o i n t e d  orit t h a t  t h e  d i f f e r e n t i a l  c r o s s  

s e c t i o n s  and t h e  t h r e s h o l d  o f  e x c i t a t i o n  p o t e n t i a l  i i s e d  iJy 

It a lso  

8 

Craggs  anti Massey are d i f f e r e n t  f rom t h e  p r e s e n t  v a l i i e s ,  

AC KNOWLEDGM E NT S - -- 
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F igri r e  Capt ion  s 

F ig i i r e  1 - The g e n e r a l i z e d  usciliator s t r z n g t h  fer  t h e  

e x c i t a t i o n  of  t h e  groiind s t a t e  hydrogen  rnolecll l e  

by e l e c t r o n  impact  t o  t h e  D e l e c t r o n i c  s t a t e :  

A - p r e s e n t ,  B - R o s c o e  , p! and X d e n o t e  t h e  

e x p e r i m e n t a l  and t h e  t h e o r e t i c a l  v a l u e s  of  t h e  

o p t i c a l  o s c i l l a t o r  s t r e n g t h  o b t a i n e d  by G e i g e 2  

and Mi l l l iken  and Reike7 r e s p e c t i v e l y .  

5 

Fig i i r e  2 - T o t a l  c r o s s  s e c t i o n s  f o r  t h e  e x c i t a t i o n  o f  t h e  

grorind state hydrogen moleci l le  t o  t h e  D e l e c t r o n i c  

s t a t e  by e l e c t r o n  impac t :  D - Born Approximat ion;  

E - Born-Ochkrir Approximat ion;  F - Born c r o s s  

s e c t i o n  e s t i m a t e d  by Craggs  and Massey' from t h e  

d i f f e r e n t i a l  c r o s s  s e c t i o n s  of Roscoe . 5 
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