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SPECTROSCOPY LETTERS, 9 ( 1 2 ) ,  839-848 (1976)  

MORSE FRANCK-CONDON FACTORS AND R-CENTROIDS FOR SOME LYMAN EANDS 

OF H2, HD AND D2. 

B.K.  Sinha 
Department of Physics 
T.N.B. College 
BHAGALPUR 812007 
INDIA. 

ABSTSACT 

Using new rotational and vibrational constants, Morse 

Franck-Condon factors and r-centroids are computed for 108 

Lyman bands of astrophysical importance H2, HD and D2 molecules. 

Experimental oscillator strengths conjoint with Morse Franck- 

Condon Factors for six Lyman bands of molecular hydrogen yield 

radiative lifetimes fo r  v = 0-5 levels of the B l Z u  state that 

are inconsistent with the experimental lifetime measurements. 

The limitation of analytic Morse function in the region of small 

internuclear separation for the B state of H2 is discussed. 

The r-centroids ( r v i v , ,  ) are found to increase with frequencies 

+ 

1 
1' 

U 

of the Lyman bands of H 2 ,  HD and D2, For a sequence, h r  3 r V'+l,V''+l 

- r  v , v , ,  is constant. A comparison of rvIv,' values of the Lyman 

bands shows that rV,V,, 

from H2 to D2 . 
of the band (v'v'') increases in going 
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INTRODUCTION 

s LNHA 

The a b s o r p t i o n  of r a d i a t i o n  by H 2 ,  HD and D2 i s  of 

cons ide rab le  a s t r o p h y s i c a l  importance ( F i e l d  e t  a l .  1 9 6 6 :  
S t eche r  & W i l l i a m s  1 9 6 7 ;  Trauger 1 9 7 2 ;  Trauger e t  a l .  1973; 

Barrett  1973) i n  t h e  s t u d i e s  of p l a n e t a r y  and i n t e r p l a n e t a r y  
s p e c t r a .  The Lyman bands o f  d i a tomic  molecules H 2 , H D  and D 2  

l i e  i n  t h e  vacuum u l t r a v i o l e t  r eg ion .  The growing i n t e r e s t  
of  astronomy i n  t h i s  r eg ion  and t h e  abundances of H 2  and D 2  
i n  t h e  i n t e r s t e l l a r  medium encourage t h e  d i s c u s s i o n  of 

fundamental  wavelength,  i n t e n s i t y  and mean i n t e r n u c l e a r  

d i s t a n c e  a s s o c i a t e d  wi th  a band of t h e  Lyman system of t h e s e  

molecules.  Franck-Condon f a c t o r s  f o r  t h e  H a  Lyman band system 

have been t h e  s u b j e c t  o f  s tudy  by many workers ( A l l i s o n  & 

Dalgarno 1 9 6 9 , 1 9 7 0 ;  Halmann & Lait l icht  1 9 6 6 , 1 9 6 7 ;  S p i n d l e r  

1 9 6 6 , 1 9 6 9 ;  N icho l l s  1965; Geiger & Topschowsky 1966).Because,  

new r o t a t i o n a l  and v i b r a t i o n a l  c o n s t a n t s  are a v a i l a b l e  f o r  

the e l e c t r o n i c  states of  H 2 ,  HD and D2 (Bredoh1 & Herzberg 
1973; Dabrowski & Herzberg 1 9 7 4 ;  Herzberg & Howe 1959; 

Wilkinson 1968) t h e  s tudy  of  Morse Franck-Condon f a c t o r s  and 

r e l a t e d  q u a n t i t i e s  i s  needed. I n  t h i s  communication w e  r e p o r t  

t h e  Morse Franck-Condon f a c t o r s  and r - c e n t r o i d s  f o r  108 Lyman 

bands of  H Z ,  HD and D2 molecules.  Using ou r  Morse Franck-Condon 
f a c t o r s  c o n j o i n t  w i t h  experimental  o s c i l l a t o r  s t r e n g t h s  (Fabian 

& L e w i s  1 9 7 4 )  f o r  s i x  Lyman bands of molecular  hydrogen w e  
estimate r a d i a t i v e  l i f e t i m e s  f o r  v = 0-5 l e v e l s  of t h e  B 'z: 
s t a t e  and, where p o s s i b l e ,  compare w i t h  expe r imen ta l  l i f e t i m e  
measurements ( H e s s e r  1968) .  F u r t h e r ,  w e  d i s c u s s  t h e  p r o p e r t i e s  
of r - c e n t r o i d s  and t h e  l i m i t a t i o n  of a n a l y t i c  Morse f u n c t i o n  
f o r  t h e  B 'Zi s t a t e  of Ha. 

METHOD OF COMPUTATION 

The i n t e n s i t y  of  a v '  + v" t r a n s i t i o n  (Herzberg 1950 

i n  emission i s  
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MORSE FRANCK-CONDON FACTORS FOR LYMAN BANDS 841 

where v v l v l l  
p o p u l a t i o n  i n  t h e  e x c i t e d  s ta te  and Av,vll i s  t h e  E i n s t e i n  

c o e f f i c i e n t  which i s  g iven  by t h e  e x p r e s s i o n  

i s  t h e  f r equency  o f  t h e  t r a n s i t i o n ,  N v l  i s  t h e  

Here Re i s  t h e  e l e c t r o n i c  t r a n s i t i o n  moment which i s  assumed 

t o  b e  independent  of i n t e r n u c l e a r  d i s t a n c e .  ' Y v l  and W v l l a r e  
t h e  v i b r a t i o n a l  wave f u n c t i o n s  o f  t h e  upper and lower states 

r v l v l l  i s  t h e  r - c e n t r o i d ,  d e f i n e d  by e q u a t i o n  (51, a s s o c i a t e d  
wi th  t h e  v' + v" t r a n s i t i o n .  I t  f o l l o w s  from equ.  (1) & ( 2 )  

t h a t  

where K' i s  an  a p p r o p r i a t e  c o n s t a n t  and q v l ~ ~ l l (  = I < Y ~ ~ v ~ ~ ~ > : ~ )  
i s  t h e  Franck-Condon f a c t o r .  Equa t ion  ( 3 )  can  be w r i t t e n  as: 

where P v l v l ,  i s  t h e  band s t r e n g t h  f o r  t h e  v '  + v" t r a n s i t i o n .  
For  t h e  e v a l u a t i o n  of Franck-Condon f a c t o r s ,  t h e  v i b r a t i o n a l  

wave f u n c t i o n s  are r e q u i r e d  f o r  t h e  upper and lower states.  
W e  have used t h e  method of F r a s e r  & Jarmain  (1953) w i t h  re- 
s h i f t  c o r r e c t i o n  f o r  t h e  e v a l u a t i o n  o f  Franck-Condon f a c t o r s  

of t h e  Lyman bands o f  H2, HD and D2. 

The r - c e n t r o i d  ( r V I V l l )  of a v' + v" t r a n s i t i o n  
i n  a diatomic molecu la r  band sys tem h a s  been d e f i n e d  by 

N i c h o l l s  & Jarmain  (1956) :  

where r i s  t h e  i n t e r n u c l e a r  s e p a r a t i o n .  W e  have used  t h e  

q u a d r a t i c  e q u a t i o n  and g r a p h i c a l  methods of N i c h o l l s  & 
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a42 SINHA 

Jarmain (1956) to find r-centroids of the Lyman bands of H2, 
HD and D2. 

The band oscillator strengths (fVIVl,) , combined with 
the Franck-Condon factors for branching to lower states, allows 
the computation of vibrational-lifetimes (Schadee 1967;Tatum 
1967) from 

where g1 and g2 are the upper and lower state degeneracies. 

RESULTS AND DISCUSSIONS 

We have used the experimental molecular parameters: 
Weizyexe, Be, e and re ( obtained from Be values) for the 
B and X 'Ig states of HZ,HD and D2 reported by Dabrowski 
& Herzberq (1974) , Bredohl & Herzberg (1973), Wilkinson (1968) 
and Herzberg & Howe (1959) for the computations of Morse 
Franck-Condon factors and r-centroids of the Lyman bands of 
these molecules. The results are tabulated in Table 1 along 
with the available frequencies of the Lyman bands. To obtain 
radiative lifetimes for v = 0-5 levels of the B Custate of 
molecular hydrogen (equ. 6) we have used the weighted mean 
Lyman band oscillator strengths obtained from photoelectric 
absorption measurements by Fabian & Lewis (1974). These 
lifetimes are tabulated in table 2 and, where possible, are 
compared with the experimental lifetimes obtained by phase- 
shift technique (Hesser 1968). A comparison of these radiative 
lifetimes (table 2) shows that the theoretical lifetimes are 
inconsistent with the experimental lifetime measurements for 
the B lz+ state of H2 (Hesser 1968).Further, the approximation 
that Re is independent of internuclear separation (equ. 2 )  is 
true for v' = 0-13 levels (Dalgarno & Allison 1968) of the 

1 +  

U 
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MORSE FRANCK-CONDON FACTORS FOR LYMAN BANDS 843  

TABLE 1 : (a )  Morse Franck-Condon factors (b)  r-Centroids b y  

graphical method (c) r-Centroids by quadratic equation 
(d) Frequencies o f  the Lyman bands of H 2 ,  HD and D2 

D2 HD H 2  Bands 

1 2 3 4 

(a)  0 . 0 1 7 4 1  
(b)  0 . 8 1 5  
( c )  0 . 8 1 4  * *  
(d) 9 0 2 0 3 . 5 5  

(a) 0 . 0 6 6 0 3  

0 . 0,O 208 
0 . 9 3 4  

0 , 0 0 0 0 1  
1 . 1 3 7  
1 , 1 4 2  * *  
9 0 6 3 3 . 7 9  
0 . 0 0 0 1 1  

0 . 9 3 3  * *  
9 0 3 9 9 . 8 6  

0 , 0 1 1 9 4  
0 , 9 1 0  
0 , 9 0 4  
86767.71''' 
0 . 0 3 3 8 8  
0 . 8 8 4  

(b)  0 . 7 8 5  
(c) 0 . 7 7 7  
(d) 86042.21"' 

1 . 1 2 3  
1 , 1 2 3  
8 5 9 7 6 . 0 0 +  

(a) 0 . 1 2 3 2 8  
( b )  0 . 7 5 0  

0 , 0 0 0 5 7  
1 , 1 0 3  

( c j  0 . 7 4 2  
(d)  82116.23"' 

0 , 8 7 7  
8 3  3 1 2 . 9  8" 

1 . 1 0 3  
8 4 7 6 4 . 8 8 '  

(a) 0 . 1 4 9 8 0  0 . 0 6 4 7 7  0 . 0 0 1 3 7  
1 . 0 8 8  
1 . 0 8 3  * 
8 2 0 0 7 . 8 7  
0 . 0 0 4 8 9  
1 . 0 7 3  
1 . 0 6 3  

( b )  0 . 7 2 0  
(c) 0 . 7 0 3  
(d) 7 8 4 2 0 . 9 9 '  

0 , 8 6 1  
0 , 8 4 7  
80032 .30"  

( a )  0 . 1 3 1 5 7  
(b) 0 , 6 8 2  
( c )  0 . 6 3 8  
(d) 7 4 9 5 2 . 9 8 '  

( a )  0 , 0 8 7 3 3  
( b )  0 . 6 3 7  

0 . 0 9 1 0 8  
0 . 8 3 8  
0 . 8 1 3  
76922 .98"  
0 , 1 0 0 7 9  
0 . 8 1 4  
0 . 7 7 4  

0 . 0 0 9 9 7  
1 . 0 5 5  
1 . 0 4 2  * 
7 6 8 8 7 . 7 7  
0 . 0 0 0 1 6  
1 . 1 9 0  

I c )  - 
(d) 7 1 7 1 1 . 4 2 '  
( a )  0 . 0 6 3 0 9  
(b) 0 . 9 1 0  
(c) 0 . 9 0 0  * *  
[d) 9 1 5 2 1 . 7 8  
la1 0 . 0 6 2 5 9  

0 . 0 1 2 9 0  
1 . 0 1 0  
1 , 0 0 0  * *  
9 1 5 4 7 . 0 9  

1 . 1 8 8  * *  
9 1 5 7 5 . 9 5  
0 , 0 0 0 6 5  
1 . 1 7 2  
1 . 1 7 0  
8 6 9 1 8 . 1 6 '  

0 . 2 8 5 6 9  
0 , 9 8 5  (bj  0 . 8 8 0  

( c )  0 . 8 7 0  
(d) 87360.62"' 

0 . 9 7 5  
8 7 914.94' '  

(a) 0 . 0 9 3 0 8  
/ b l  0 . 8 5 2  

0 . 0 8 5 5 8  
0 . 9 6 0  

0 . 0 0 4 9 5  
1 .158  
1 . 1 5 1  * 
8 5 7 0 7 . 0 4  
0 . 0 1 3 2 9  
1 . 1 4 2  
1 . 1 3 1  * 
8 2 9 5 0 . 1 8  

(continued) 

(cj 0 . 8 4 1  
(d)  83434.64 '+ '  

0 . 9 5 0  
8 4 4 6 0 , Z l "  

ca) 0 . 0 2 0 2 6  
(b)  0 . 8 2 2  
(c) 0 . 8 0 9  
(d) 7 9 7 3 3 . 4 0 '  

0 , 0 8 6 5 1  
0 . 9 3 0  
0 . 9 2 4  
8 1 1 7 9 , 5 3 + '  
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844 SINHA 

TABLE 1 (continued) 

1 2 3 4 

(a )  0 . 0 0 2 7 3  0 * 0 5 0 0 9  0 . 0 2 5 8 2  
( b )  0 . 7 9 5  0 . 9 1 7  1 . 1 2 5  

(d )  7 6 2 7 1 . 3 9 '  78070.22"  8 0 3 0 8 . 1 8  
( c )  0 . 7 7 5  0 . 8 9 7  1 . 1 1 2  * 

(a)  0 . 0 4 1 6 9  
( b )  0 . 7 6 7  
( c )  0 . 7 3 7  
(d)  7 3 0 2 9 . 8 3 '  

(a)  0 . 1 2 4 8 6  
(b)  1 . 0 0 2  
( c )  0 . 9 8 0  * *  
( d )  9 2 8 0 3 . 3 5  
(a )  0 . 1 1 0 7 8  
(b)  0 , 9 6 7  
cc) 0 . 9 5 3  
[d) 88642.05"'  

(a) 0 . 0 1 3 3 7  
[b) 0 . 9 4 0  
(c) 0 . 9 2 6  
Cd) 84716.07"' 
(a)  0 . 0 1 2 1 9  
(b)  0 . 9 1 2  
( c j  0 . 8 9 9  
( d j  8 1 0 2 0 . 8 3 '  
( a )  0 . 0 4 3 7 7  
(b) 0 . 8 8 5  
( t j  0 . 8 7 2  
Id)  7 7 5 5 2 . 8 2 '  
( a )  0 . 1 0 6 7 2  
Tb) 0 . 8 6 0  
( c j  0 . 8 4 7  
[d)  7 4 3 1 1 . 2 6 §  

(a) 0 . 1 7 1 1 1  
(b) 1 . 0 7 0  
( c )  1 . 0 5 4  * *  
(d) 9 4 0 4 9 . 9 8  
[a)  0 . 0 3 9 7 2  
(b) 1 . 0 5 7  
[c) 1 . 0 2 9  
(d) 8 9 8 8 8 . 8 2 + + +  

0 , 0 1 1 2 9  
0 , 8 9 5  
0 . 8 6 8  

0 , 0 4 0 7 4  
1 . 0 8 2  
1 , 0 6 4  
9 2 6 6 6 , 2 2 * *  
0 . 0 9 5 0 4  
1 . 0 5 6  
1 , 0 4 1  
89034 .07"  
0 . 0 8 6 6 6  
1 . 0 3 5  
1 ; 018 
8 5 5 7 9 . 3 4 + +  

0 . 0 2 9 2 4  
1 . 0 1 2  
0 . 9 9 5  
8 2 2 9 8 . 6 6 + +  
0 . 0 0 0 0 3  
0 . 9 8 0  
0 . 9 7 1  
7 9 1 8 9 . 3 5 + +  
n, 0 1 6 5 3  
0 , 9 6 7  
0 . 9 4 7  

0 . 0 8 4 4 5  
1 . 1 5 6  
1 . 1 2 6  * *  
9 3 7 5 8 . 6 0  
0 . 1 0 7 6 5  
1 . 1 3 0  
1 . 1 0 4  
90126.45' '  

0 . 0 6 2 4 1  
1 . 1 1 0  
1 . 0 9 3  * 
7 7 7 8 0 . 1 2  
0 . 0 0 1 1 1  
1 . 2 4 5  
1 . 2 3 4  * *  
9 2 4 9 8 . 8 0  
0 . 0 0 6 8 7  
1 . 2 2 7  
1 . 2 1 5  
8 7 8 4 1 . 0 1 '  

0 . 0 2 0 6 3  
1 . 2 0 1  
1 . 1 9 8  * 
8 6 6 3 0 . 6 5  
0 . 0 3 9 5 6  
1 . 1 9 2  
1 . 1 7 9  * 
8 3 8 7 3 . 1 6  
0 . 0 5 3 4 1  
1 . 1 7 7  
1 . 1 6 1  * 
8 1 2 3 0 . 7 6  

0 . 0 5 2 7 8  
1 . 1 6 0  
1 . 1 4 2  

0 . 0 0 4 7 9  
1 . 3 0 0  
1 . 2 7 9  * *  
9 3 4 0 3 . 3 9  
0 . 0 2 2 4 3  
1 . 2 8 0  
1 . 2 6 1  
8 8 7 4 5 . 6 0 '  

[a) 0 , 0 1 2 9 7  0 , 0 3 1 5 2  0 . 0 4 8 7 4  
[b) 1 . 0 2 5  1 . 1 0 5  1 . 2 6 0  

( 3 , 2 )  ( c )  1 . 0 0 4  1 . 0 8 2  1 . 2 4 3  * 
[d) 85962 .84 '++  8 6 6 7  1 . 7  2" 8 7 5 3 5 . 2 2  

(continued) 
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MORSE FRANCK-CONDON FACTORS FOR LYMAN BANDS 

TABLE 1 (continued) 

845 

1 L 5 4 
-___ 

(a )  0 , 0 6 2 3 0  
(b)  1 . 0 0 0  

(d)  8 2 2 6 7 . h O S  
( a )  0 . 0 3 3 1 5  
i b l  0 . 9 6 7  

( c )  0 . 9 8 2  

(cj 0 . 9 5 4  
(d)  7 8 7 9 9 . 5 9 '  
( a )  0 . 0 0 9 3 0  
( b )  0 . 9 4 2  
( c )  0 . 9 2 9  
[d)  7 5 5 5 8 . 0 3  

( a )  0 . 1 7 8 7 7  
[ b )  1 . 1 7 5  
( c )  1 . 1 2 5  * *  
(d)  9 5 2 6 3 . 1 8  

( a )  n . o o o 2 i  
( h )  1 . 1 5 0  
( c )  1 . 1 0 0  
(d) 9 1 1 0 1  *so+++ 
(a)  0 . 0 6 7 8 8  
[ b )  1 . 1 1 5  
(c j  1 . 0 7 6  
(d) 8 7 1 7 5 . 8 2 + + +  

(a )  0 . 0 3 8 6 9  
(b) 1 . 0 8 2  

(d)  8 3 4 8 0 .  S8§ 
( a )  0 . 0 5 3 0 3  

( c )  1 . 0 3 8  
(d)  8 0 0 1 2 . 5 7 '  
( a )  0 . 0 7 2 7 9  
i b )  1 . 0 2 0  

( c )  1 . 0 5 2  

(11 )  1 . 0 5 2  

i c j  1 . 0 0 6  
(d) 7 6 7 7 1 . 0 1 '  
(a)  0 . 1 4 9 6 6  
( b )  1 . 2 7 0  
(c)  1 . 1 9 8  * * *  
(d)  9 6 4 4 3 . 4  
Tal 0 . 0 3 2 6 5  
( b j  1 . 2 3 0  
( c )  1 . 1 7 4  
( d )  8 9 9 0 4 . 9 9 + + +  

0 . 0 0 1 2 1  
1 . 0 8 0  
1 . 0 6 0  
83391.04 ' '  
0 . 0 3 5 0 6  
1 . 0 5 6  
1 . 0 3 8  
8 0 2 8 1 . 7 3 + +  

0 . 0 1 9 4 5  
1 . 0 3 2  
1 . 0 1 6  

0 , 1 3 0 8 0  
1 . 2 3 1  
1 . 1 8 4  * *  
9 4 8 2 5 . 6 0  

0 , 0 6 9 1 2  
1 , 2 0 5  
1 , 1 6 4  

0 . 0 0 0 0 0  
1 . 1 7 6  
1 , 1 4 3  
8 7 7 3 8 . 7 2 "  

0 . 0 4 7 1 8  
1 . 1 5 1  
1 . 1 2 2  
8 4 4 5 8 , 0 4 + +  

0 . 0 3 9 5 3  
1 . 1 2 6  
1 . 1 0 2  
8 1 3 4 8 . 7 3 "  
0 . 3 1 3 4 5  
1 . 1 0 5  
1 . 0 9 8  

0 . 1 5 8 9 4  
1 . 3 0 0  
1 . 2 4 3  

0 . 0 1 5 7 2  
1 . 2 7 5  
1 . 2 2 2  

9 1 1 9 3 . 4 5 + +  

0 . 0 6 3 3 6  
1 . 2 4 5  
1 . 2 2 6  * 
3 4 7 7 7 . 7 1  
0 . 0 5 2 5 0  
1 . 2 2 7  
1 . 2 0 8  

0 . 0 2 2 4 4  
1 . 2 0 8  
1 . 1 9 0  * 
7 9 6 0 7 . 6 3  

0 . 0 1 5 0 2  
1 . 3 4 2  

9 4 2 9 0 . 4 4  

0 . 0 5 0 3 8  
1 . 3 2 2  
1 . 3 0 5  
8 9 6 3 2 . 6 5 +  
0 . 0 7 2 4 6  
1 , 3 0 4  

8 8 4 2 2 . 3 6  

0 . 0 5 3 4 9  
1 . 2 9 8  
1 . 2 7 0  * 
8 5 6 6 4 . 6 8  

0 , 0 1 7 3 0  
1 , 2 7 9  
1 . 2 5 4  

0 . 0 0 3 7 1  
1 . 2 6 0  
1 . 2 3 7  * 
8 0 4 9 4 . 8 0  
0 . 3 6 4 6 0  
1 . 3 8 5  

9 5 1 6 0 . 3  
0.08601) 
1 . 3 6 8  
1 . 3 5 0  
9 0 5 0 2 . 5 5 +  

(continued) 

1 . 3 2 2  * *  

1 . 2 8 8  * 

1 . 3 6 7  * * *  
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TABLE 1 (continued) 

s INHA 

1 2 3 4 

fa)  0 . 0 9 0 2 0  0 . 0 2 2 8 8  0 . 0 6 9 7 5  
( b j  1 . 2 0 5  1 , 2 4 6  

(d)  85979.01"' 
( 5 3 2 )  Cc) 1 . 1 4 9  1 . 2 0 1  

( a )  0 . 1 2 4 3 2  
(b )  1 . 1 6 5  

( 5 , 3 1  (c) 1.131 
(d) 8 4 6 6 0 . 6 0 '  
(a) 0 . 1 2 9 2 2  
Cb) 1 . 1 3 5  

(5  > 4 )  Cc) 1 . 1 1 8  
Id)  8 1 1 9 2 . 5 9 '  
( a )  0 . 1 0 9 5 3  
( b )  1 . 1 0 5  

( 5 9 5 )  ( c )  1 , 0 9 4  
(d )  7 7 9 5 1 . 0 3 '  

0 , 0 3 6 5 6  
1 . 2 2 0  
1 . 1 8 2  

D.47736 
1 . 1 9 6  
1 . 1 6 1  - 
- 

1 . 1 7 1  
1 . 1 4 1  - 

1 . 3 5 2  
1 . 3 3 2  * 
8 9 2 9 2 . 2 8  
0 . 0 3 3 3 3  
1 . 3 3 5  
1 . 3 1 6  * 
8 6 5 3 4 . 1 7  

0 . 0 2 4 0 6  
1 . 3 2 2  
1 , 2 9 9  
8 3 8 9 2 , 7 1 *  
0 . 0 8 2 7 2  
1 . 3 0 4  
1 . 2 8 2  * 
8 1 3 6 4 . 3 9  

B r e d o h l  & H e r z b e r g  ( 1 9 7 3 ) .  
W i l k i n s o n  ( 1 9 6 8 ) .  

+ Calcu la t ed  v a l u e s .  

* *  
* * *  

D a b r o w s k i  4 H e r z b e r g  ( 1 9 7 4 ) .  

++ Calcu la t ed  f r o m  v i b r a t i o n a l  quanta  of  t h e  g r o u n d  s t a t e  g i v e n  
by D u r i e  6 H e r z b e r g  ( 1 9 6 0 ) .  

+++ Calcu la t ed  f r o m  v i b r a t i o n a l  quanta  o f  t h e  g r o u n d  s t a t e  g i v e n  
by S t o i c h e f f  ( 1 9 5 7 ) .  

H e r z b e r g  & Howe ( 1 9 5 9 ) .  

B state. Even RKR Franck-Condon factors of the Lyman bands 
(Spindler 1966,1969) do not give complete agreement with the 
experimentally determined relative band strengths(Geiger et al. 
1966,1969). This shows that the potential curve of the B1,+ 
state of H2 deviates strongly from the analytic Morse function 
in the region of small internuclear separation. Thus, inspite 
of improved molecular parameters available for Ha, the Morse 
Franck-Condon factors cannot be used for further studies of the 
Lyman bands of H2 ( Namioka 1965; Nicholls 1965; Geiger & 

Topschowsky 1966). 

u 

Jarrnain et al. (1956) on the basis of the study of a 
number of band systems have established that rn f rv,+l,v, l+l-~vIv,, 
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TABLE 2. Comparison of theoretical and experimental lifetimes 
of B 'z: state of H2. 

Lifetime [ in nsec ) 
Vibrational level 

Theoretical Exper imenta 1' 

4.8 
9.7 
5.9 
5.9 
3.7 
2 . 1  

- 
0.8 
0.8 
0.8 

$ Hesser (1968). 

in a sequence remains constant. The same property can be 
visualized for AV = 0 sequence of Lyman bands of H2, HD & D2 
(Table 1). Further, Nicholls & Jarmain (1956) have pointed 
out that for most of the band systems ar ' 0.01 A. This 
difference basically depends on the width of the potential 
curves involved in the transition. In our case, Ar 0.01 A 
which shows that the potentials involved in the Lyman band 
system for H2, HD and D2 are wide. Table 1 shows that r-centroid: 
increase with frequencies of the Lyman bands of H2, HD & D2. 
A comparison of rvtvtt values of the Lyman bands shows that 
r v,vlt of the band (v'v") increases in going from H2 to D2 
(Table 1). 
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