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The r a d i a t i v e  l i f e t i m e  o f  t h e  N 2  c3nu e l e c t r o n i c  s t a t e  and 

the  absol utc: t r a n s i  t i o n  probabi  1 i t i e s  f o r  the  N g  C3au- B~II system have 
67 

been c a l c u l a t e d  by assuming Morse p o t e n t i a l s  f o r  t h e  i n v o l v e d  e l e c t r o -  

n i c  s t a t e s  and then e v a l u a t i n g  the  r e s u l t i n g  i n t e g r a l s  a n a l y t i c a l l y . T h e  

l i f e t i m e s  ai-e computed u s i n g  severa1 e l e c t r o n i c  t r a n s i t i o n  moment func-  

t i o n s  g i v e n  i n  the  l i t e r a t u r e  and comparisons a r e  made. The p resen t  me- 

thod  o f  c a l c u l a t i o n  does n o t  i n v o l v e  the usual ;-centroid a p p r o x i m a -  

t i o n ,  h o w e v e r  i t i s f o u n d  t h a t ,  f o r  t h e  N 2  C3nu- B3n system s t u -  
g 

d i e d  here, t h i s  approx imat ion g ivesvery  good r e s u l t s .  

O tempo de v i  da r a d i a t i v o  do estado e l e t r ô n i c o  C3a do n i  - 
U 

t r o g ê n i o  mo lecu la r  e as probabi  l idades abso lu tas  de t r a n s i ç ã o  para o 

s is tema C3a - B3n  do Nn foram ca lcu lados  representando-se os estados 
21 g 

e l e t r ô n i c o s  a t r a v é s  de p o t e n c i a i s  de Morse e resolvendo-se as i n t e g r a i s  

e n v o l v i d a s  i ina l  i t i c a r e n t e .  Os tempos de v i d a  são ca lcu lados  usando-se 

v á r i a s  funçóes momento de t r a n s i ç ã o  e l e t r ô n i c a  d i s p o n í v e i s  na l i t e r a t u -  

r a  e comparados e n t r e  s i .  O presente método de c á l c u l o  não envo lve  a 

usual aproximação da c e n t r ó i d e  r. Ent re tan to ,  observa-se que, para o 

s is tema N2 C3a - B~IT estudado a q u i ,  e s t a  aproximação dá r e s u l t a d o s  
U g 

mui t o  bons. 
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1. INTRODUCTION 

Since the p i o n e e r i n g  work o f  Bennet t  and ~ a l b y l  many e 'xper i -  

ments have been done i n  o r d e r  t o  measure the 1 i f e t i m e  o f  the $8 s t a t e  
U 

o f  molecular  n i t r o g e n .  These va lues,  o b t a i n e d  under d i f f e r e n t  e x p e r i -  

m n t a l  cond i t i ons2 ,  va ry  between 27 and 49 nsec as can be seen e.9. i n  

Table 1  o f  the paper b y  Imhof and Read3, w h i c h -g i v e s  a  1  i s t  o f  r e f e r e n -  

ces t o  e a r l i e r  exper iments.  I n  p r i n c i p l e ,  as noted by Lo f tus  and Krupe- 

n i e  i n  t h e i  r rev iew paper2, t h e  exper iment  o f  Imhof and ~ e a d ~  i s  t h e  

c leanes t  f o r  de te rmin ing  the  l i f e t i m e s  By us ing  the e l e c t r o n  -pho- 

t o n  technique they have found3 TO = 35.610.5 nsec, = 34.921.8 nsec 

and T~ = 34.5'2.3 nsec. Recent l  y, Becker, Engels and Tatarczyk4,  u s i n g  

s e l e t i v e  e x c i t a t i o n  by  l a s e r  r a d i a t i o n ,  ob ta ined  .'o = 36.610.5 nsec and 

r4 = 36.5'1 .O  nsec. The va l  ue = 36.6 nsec o f  Becker, Engels and Ta- 

ta rczyk4,  c o i  n c i  den ta l  l y, i s  t h e  same recommended v a l  ue g i  ven by L o f t u s  

and ~ r u p e n i e ~ ,  which was o b t a i n e d  f rom the  weighted average o f  measure- 

ments ob ta ined  by severa1 workers2.  

From the t h e o r e t i c a l  p o i n t  o f  view, t h e  e a r l  i e s t  a v a i  1 a b l  e  

1  i f e t i r n e  c a l c u l a t i o n s  seems t o  be the ones by Stephenson and by Fraser  

as r e f e r r e d  by Imhof and ~ e a d 3 .  Stephenspn and Fraser  have found 52 and 

58 nsec r e s p e c t i v e l  y.  Recentl  y  L o f t u s  and ~ r u ~ e n i e ~  resca led  t h e  r e l  a- 

t i v e  band s t r e n g t h s  o f  J a i n  and Sahni5 u s i n g  the  average v a l u e  r o =36.6 

nsec t o  o b t a i n  T~ = 36.3 nsec, T 2  = 36.6 nsec, r 3  = 37.5 nsec and = 

= 40.0 nsec. 

I n  the  t h e o r e t i c a l  c a l c u l a t i o n  o f  the l i f e t i m e  as we l l  as t h e  

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

the most impor tan t  q u a n t i t i e s  a r e  the E i n s t e i n  A c o e f f i c i e n t s ,  a l s o  

known as the e l e c t r o n i c - v i b r a t i o n a l  t r a n s i t i o n  p r o b a b i l i t i e s .  To c a l c u -  

l a t e  these one needs t o  know t h e  s o- c a l l e d  e l e c t r o n i c  t r a n s i t i o n  moment 

f u n c t i o n .  The e i e c t r o n i c  t r a n s i t i o n  rnoment f u n c t i o n  can be d e r i v e d  frorn 

d i r e c t  l i f e t i m e  measurements, f rom the  i n t e n s i t y  d i s t r i b u t i o n  o f  the 

second pos i  t i ve bands o r  from ab i n i t i o  c a l c u l a t i o n s .  There a r e  seve- 

r a l  express ions a v a i l a b l e  i n  t h e  l i t e r a t ~ r e ~ - ~  f o r  t h e  e l e c t r o n i c  t r a n -  

s i  t i o n  moment f u n c t i o n  connect i  ng the  ~ 3 ,  and B3a e l e c t r o n i c  s t a t e s  
U g 

N 2 .  Since the a v a i l a b l e  e l e c t r o n i c  t r a n s i  t i o n  moment f u n c t i o n s  a r e  q u i -  

t e  d i  f f e r e n t  f r o m  e a c h  o t h e r ,  we decided t o  i n v e s t i g a t e  t h e i r  r e l i -  



a b i l i t y  i n  p r e d i c t i n g  the l i f e t i m e s  o f  the v i b r a t i o n a l  s t a t e s .  
U 

This was dane by ca l cu la t i ng  the c o e f f i c i e n t s  A using a  recent ly  
v 'vf' 

publ ished nsthodq, which w i l l  be described i n  more d e t a i l  i n  the next  

sect ion.  The used method al lows one t o  ca l cu la te  the E ins te in  A c o e f f i -  

c i en ts  w i thout  the usual F-cent ro id  approximationlO. Since the r -  cen- 

t r o i  d  approxi na t i on  i s  cornmonly used, we a l so  repeated the ca l  cu la t ions  

i n  t h i s  approximat ion and compared the resul  ts .  

2. THEORY 

The theo re t i ca l  ca l cu la t i on  o f  the r a d i a t i v e  1 i f e t i m e  f o r t h e  

v i b r a t i o n a l  leve ls  o f  an exc i t ed  e l e c t r o n i c  s t a t e  o f  a  d iatomic molecu- 

l e  i s  b a s i c a l l y  the ca l cu la t i on  o f  the p r o b a b i l i t i e s  o f  the e lec t ron i c-  

v i b r a t i o n a l  t r a n s i t i o n  A ( ~ i n s t e i n  A c o e f f i c i e n t ) .  The l i f e t i m e  T v ' v f f  v ' 
o f  the v '  exci  ted leve l  i s  re la ted  t o  the probabi l  i t i e s  by the equat ion 

In the Born-Oppenheimer approximation f o r  an e l e c t r i c  d ipo le  

t rans i  t ion ,  the probabi li t i e s  o f  e lec t ron i c- v ib ra t i ona l  t r ans i  t i o n  are 
1 0 , l l  

g iven b  Y 

where the AZ, are 

velengths x ~ ,  are 

the upper e l e c t r o n i c  

sp in  m u l t i p l i c i t y .  S 

n  sec- l ,  the Sv are i n  atomi c  uni t s  and the wa- 

n  Bngstroms. The f a c t o r  g = (2-S0,Ar) (2s f+  I) i s  
v '  

l eve l  degeneracy due t o  the A-type d o u b l i n g  and 

nce g v ,  i s  known and the X v  are a l l  measured 

quan t i t i es ,  the problem o f  c a l c u l a t i o n  o f  the e lec t ron i c-  v i  b r a t  i o n a l  

t r ans i  t ion  probabi 1  i t i e s  A reduces t o  the ca l cu l  a t i ons  o f  the band 
v 'v1' 

s t rength  fac tors  

where R (r)  i s  the e l e c t r o n i c  t r a n s i t i o n  moment, are the v i b r a t i o n a l  e 
wavefunctions and r i s  the in ternuc lear  separat ion o f  the diatomic mo- 



l e c u l e .  The e l e c t r o n i c  t r a n s i t i o n  moment R,(r)  appear ing i n  Eq. ( 3 )  i s  

u s r i a l l y  ob ta ined  i n  two ways: from ab i n i t i o  c a l c u l a t i o n s ,  o r  f rom an 

a n a l y s i s  o f  the exper imenta l  band i n t e n s i  t i e s  us ing  the  e m p i r i c a l  r - cen-  

t r o i d  method o f  ~ r a s e r l ~ .  The m a j o r i t y  o f  the  a v a i l a b l e  %(r)  f u n c t i o n s  

a re  g iven  i n  terms o f  the  r - c e n t r o i d  and n o t  i n  terms o f  the  r e a l  i n t e r -  

n u c l e a r  separa t ion .  Only now have ah i n i t i o  e l e c t r o n i c  t r a n s i t i o n  mo- 

ments, expressed as a f u n c t i o n  o f  the  i n t e r n u c l e a r  separa t ion ,  become 

comnon i n  the li t e r a t u r e .  

For the  e v a l u a t i o n  o f  Eq. (3)  one needs wavefunct ions t o  des- 

c r i b e  the  v i b r a t i o n a l  s t a t e s .  There a r e  two types o f  commonly used wa- 

ve func t  ions t o  c a l c u l a t e  band s t r e n g t h s 1 3 :  t h e  ones o b t a i  ned by the  RKR 

techniques, and Morse wavefunct ions.  The p r o f u s  i o n  o f  RKR techn iques ma- 

kes t h e  cho ice  o f  t h e  r i g h t  one d o u b t f u l  l . Besides t h a t ,  t h e  recent  re-  

view work o f  Kuznetsova e t  a l .  l 3  shows t h a t  r e s u l  t s  ob ta ined  by u s i n g  

RKR and Morse wavefunct ions a re  s im i  l a r .  I n  t h e  present  paper Morse wa- 

ve func t ions  a re  used. Wi th t h i s  t h e  i n t e g r a t i o n  i n  Eq .  ( 3 )  can be per -  

formed a n a l y t i c a l l  y .  Th is  f a c t  reduces t h e  requi  red computat ional  t ime  

by a l a r g e  amount compared t o  t h e  RKR techniques.  

I f  the e l e c t r o n i c  t r a n s i t  

R,(Y) = a,, 

then t h e  band s t r e n g t h  f a c t o r s  a r e  g 

- r o t a t i o n  i n t e r a c t i o n s  ( J '  = J" = 0)  

on moment i s  represented by 

ven f o r  the  case o f  no v i b r a t i o n -  

by 

svrvr> = I ; ' ~ ~ ~  (5) 

where 



and a1 l other symbols have the same meaning as i n  Ref .S. Note tha t  the 

expressions f o r  E. and E 1  i n  Ref. 9 have been corrected14. 

3. RESULTS AND DISCUSSION 

To evaluate Eq. (5) a double p rec i s i on  program i n  ALGOL has 

been implemnted on a Burroughs B-6700 computer. The inputs o f  this pro-  

gram are tht: spectroscopic constants f o r  both e l e c t r o n i c  states,  the re- 

duced mass of the molecule, the e l e c t r o n i c  weights and the R ( r )  func- e 
t ion; the wevelengths, Franck-Condon fac tors  and F-centro ids are given 

as output .  lrhe program a lso  ca lcu la tes  the band s t rength  fac to rs  wi t h  

and wi thout  making use o f  the F-centro i  d approximation. W i  t h  these, the 

E ins te in  A c:oeff icients are e a s i l y  obtained, through Eq .  (2 ) .  

In  the present work the spectroscopic constants o f  Benesch e t  
a2.1s are used t o  describe both e l e c t r o n i c  s ta tes .  The wavelengths are 

ca lcu la ted usi ng the usual pol ynomi a1 representat ion16 up t o  the ueze 

term. The values agree we l l  w i t h  those given by Benesch eta2J7 i n  t h e i r  

Table 3. I n  p r i n c i p l e ,  the summations ind ica ted i n  Eq. ( I )  s h o u l d  be 

performed over a l l  v i b r a t i o n a l  l eve l s  of the lower e l e c t r o n i c  s ta te .  In  

prac t ice ,  however, the summation r u l e  C q v t v , ,  = 1, obeyed by the Franck- 



-Condon fac tors ,  i s  used t o  f ind  the V"  value up t o  which the summa- 
ma x 

t i o n  must be performed i n  order t o  inc lude a l l  the re levant  t r a n s i t i o n s .  

We assume vLax = 9. The summation o f  the Franck-Condon fac to rs  w i l l  be 

shown la te r .  

Table I sumnarizes the e l e c t r o n i c  t r a n s i t i o n  moment funct ions 

used i n  t h i s  work t o  ca lcu la te  the band s t rength  fac tors .  The Re ( r )  

func t ions  obtained from exper imental ly  measured band i n t e n s  i t i e s  by 

Jain6 and by Hartmann and Johnson7 can no t  be used t o  ca l cu la te  the ab- 

so lu te  t rans i  t i o n  probabi l  i t i e s  and 1 i fet imes,  s ince they are on ly  re-  

l a t i v e  funct ions.  I n  order t o  put  them on an absolute scale we have mul- 

t i p l  ied  these R ( r )  funct ions by a constant f ac to r ,  ko, such t h a t  one e 
gets r = 36.6 nsec f o r  the v' = O leve1 , the value recommended i n  the 

o 
review paper of Lo f tus  and Krupenie2. These ko fac tors  are a l s o  given i n  

Table I. I n  a recent paper Becker, Engels and ~ a t a r c z ~ k ~  have given the 

absolute t r a n s i t i o n  mment f unc t i on  as R ( P )  = 4.79 10- l8  (1 - 0.51 F ) 
e 

cm esu. This f unc t i on  should be read18 as 11.73 10- l8  (1 - 0.51 F ) i n  

the same uni t s .  The k o  fac tor  l i s t e d  i n  Table I f o r  t h i s  R (F) f unc t i on  
e 

i s  the one needed t o  express the l a s t  R (F) expression i n  atomic uni  t s .  
e 

A11 the aforementioned functions are given i n  terms o f  the r - c e n t r o i  d 

var iab le .  

Recentl y  Yeager and M C K O ~ ~ ,  have der ived the e l e c t r o n i c  t ran-  

s i  t i o n  moments between the exci  ted s ta tes  o f  molecular n i  trogen us i ng 

the equations o f  motion method. I n  p a r t i c u l a r ,  they have ca lcu la ted the 

e l e c t r o n i c  t rans i  t i o n  moment f o r  the N2 c3vU - ~ ~ 7 1  t r ans i  t i o n  i n  terms 
g 

of  the rea l  in te rnuc lear  separat ion using three d i f f e r e n t  app rox i rna -  

t ions: the Tamm-Dancoff approximation (TDA) , the random phase approxi- 

mation (RPA) and the higher random phase approximation (HRPA) . Yeager 

and M C K O ~ '  be l  ieve the HRPR t o  be the mos t r e l  i ab le  one. We used HRPAand 

TDA e l e c t r o n i c  t r ans i  t i o n  moments t o  ca l cu la te  the absol u t e  t rans i  t i o n  
8 p r o b a b i l i t i e s .  Yeager and McKoy have given the e l e c t r o n i c  t r a n s i t i o n  mo- 

ment a t  6 po in ts  f o r  r between 0.9 and 1.4 8.  These s i x  values are used 

t o  get  a continuous R (r) f unc t i on  i n  t h i s  range by f i t t i n g  t o  them a e 
polynomial i n  the va r i ab le  r by least-square techniqueslg.  In  both ca- 

ses the best  f i  t polynomial was found t o  be o f  the second degree. The 

polynomials obtained by least-square f i t  t o  the TDA and HRPA values g i -  

ven i n  Table I o f  Ref. (17) are ( f o r  r i n  8ngstrorn) 



Table I - C o e f f i c i e n t s  o f  R,(?) = k o ( a o  + alr + a 2 r 2 ) ,  wi  t h  R e ( r )  g i ven  i n  a.u. f o r  r i n  8 .  
- 

A u t h o r s  

J a i n  ( 1 9 7 2 ) ~  (1) 

J a i n  ( 1 9 7 2 ) ~  ( I  1 )  

Becker, Engels and Tatarczyk 

Hartmann and Johnson (1978)7 

Yeager and McKoy (1977) 

Iyeager and McKoy (1977) 

Method 

i n t e n s i  t i e s  

i n t e n s i  t i e s  

1 i f e t i m e  

i n t e n s i  t i e s  

TDA 

H RPA 

a Scal i n g  f a c t o r  t o  g i v e  .ro = 36.6 nsec.  See t e x t  



and 

I n  Table I I  we g i v e ' t h e  E i n s t e i n  A c o e f f i c i e n t s  c a l c u l a t e d  w i t h  

the  e l e c t r o n i c  t r a n s i t i o n  w m e n t  g iven  as a f u n c t i o n  o f  the  F - c e n t r o i d  

v a r i a b l e .  These c o e f f i c i e n t s  show a q u i t e  reasonable a g r e e m e n t  arnong 

themselves. I t  shou ld  be mentioned t h a t  s i n c e  t h e  c a l c u l a t i o n  u s i n g  the 

F - c e n t r o i d  approx i rnat ion c o i n c i d e s  wi t h  the rea! c a l  c u l a t i o n s  f o r  a  

l i n e a r  e l e c t r o n i c  t r a n s i t i o n  rnoment f u n c t i o n ,  t h e  E i n s t e i n  A coe 

e n t s  presented f o r  the  B E T ~  R ( r )  f u n c t i o n  a re  exac t .  A lso  these 
e 

f i c i e n t s  a re  i n  good agreement w i t h  t h e  RKR values g iven i n  Table 

Ref. 2. 

Table I I I g ives  the  abso lu te  t r a n s i  t i o n  probabi  1  i t i e s  c a l  

f i c i -  

coef-  

95 o f  

c u l a -  

t e d  wi  t h  the  ab in.itio e ! e c t r o n i c  t r a n s i  t i o n  moment o f  Yeager and McKoy. 

These values a re  srnal ler then t h e  ones g iven  i n  Table I I ,  a  f a c t  which,  

accord ing  t o  Eq. (11, w i l l  r e s u l t  i n  longer  l i f e t i m e s .  As expected I n  

view o f  the s i m i l a r i t y  o f  Eq .  (10) and ( l l ) ,  b o t h  a r r a y s  a r e  n e a r l y  t h e  

sane, however as s tated by Yeager and M C K O ~ *  the  r e s u l t s  o b t a i  n e d  wi  t h  

t h e  HRPA R ( r )  f u n c t i o n  shou ld  be considered more r e l  i a b l e .  
e 

F i n a l  l y ,  i n  Table IV we g i v e  t h e  1 i f e t i m e s  corpu ted  f rom Eq. 

(1) f o r  v i a x  = 9 f o r  a11 the e l e c t r o n i c  t r a n s i t i o n  moments o f  Table I . 
I n  the  f i r s t  colurnn o f  Table IV t h e  sum o f  Franck-Condon f a c t o r s  i n  g i -  

ven i n  o r d e r  t o  see the  f r a c t i o n  o f  r e l e v a n t  t r a n s i  t i o n s  considered i n  

c a l c u l a t i n g  the  l i f e t i m e s .  S ince much o f  t h e  p rev ious  work i n  t h e  c a l -  

c u l a t i o n  o f  band s t r e n g t h s  has been done u s i n g  the  spec t roscop ic  cons- 

t a n t  o f  Herzberg, we repeated the 1 i f e t i m e  c a l c u l a t i o n s  us ing  the  a f o -  

rementioned constants ,  which a r e  g iven  i n  Table IV i n  paren thes is .  I n  

o r d e r  t o  check the  r e l  i a b i  1  i t y  o f  the  F - c e n t r o i d  approx imat ion,  we a l s o  

c a l c u l  a t e d  the r - c e n t r o i  ds and used the  approximate equat ion1° 

where q , ,, a r e  the Franck-Condon f a c t o r s ,  t o  compute the  Av,Ur r  c o e f f i -  v v 
c i e n t s  and l i f e t i m e s .  These r e s u l t s  a r e  alrnost t h e  same as t h e  ones ob- 

t a i n e d  wi  t h o u t  u s i n g  the  F - c e n t r o i d  approx imat ion,  and f o r  t h i s  reason 



Table 1 1  - Absolute t r a n s i t i o n  p r a b a b i l i t i e s  (in sec-l) for the N p  c 3 v u  - ~~v band system. 
g 

Jain (1972)14 I P 

Tatarczyk (1977) i 
and I 

a 1.4270 + 7 rneans 1 .h270 x lo7. 



8 
Table I I I - Absolute t r a n s i  t i o n  probabi  l i t i e s  ( i n  s e c - I )  f o r  t h e  N2 - B ~ I I  band system, c a l c u l a t e d  w i  t h  e l e c t r o n i c  t r a n -  

$7 
s i  t i o n  momnt f rom Yeager and M C K O ~ ~  

a C a l c u l a t e d  u s i n g  ~ q . ( l O ) .  C a l c u l a t e d  u s i n g  Eq. (11) .  C 1.0490 + 

-- - - -- - - - 

v "4 

5.8167+3 

' I .  1600+5 

7.6506+5 

1.9651+6 

1 .3952+6 

7.5794+4 

means 1 .O49 x 107 



Table I V  - L i f e t i m e s  ( i n  sec) f o r  t he  N2 v i b r a t i o n a l  l e v e l s .  

-r--=. 

EXPERIMENT 

36.6 0 . 5 ~  

36.8 1.0' 

37.0 I .ag 

34.5 1  .gh 

36.5 1  .o f  

a Ca l cu la ted  w i t h  R ( r )  = k o ( a o  + a l r  + a 2 r 2 ) ,  as g iven i n  Table I .  Ca lcu la ted w i t h  Eq. ( lO) .  C Ca lcu la ted w i t h  E q . ( l l ) .  Values c a l -  

cu la res  us ing  spect roscop ic  constants  o f  Benesch r t  a Z . 1 5  
e 

Values c a l c u l a t e d  us ing  spcc t roscop i c  constants  o f  ~ c r z b e r g ' ~ .  . From Ref. 

4 .  ' FromRef .  21. h FromRef .  2 2 .  



are  n o t  

i s  avai  1 

R ( r )  ~ U I  e 

repeated here. A  d e t a i l e d  computer p r i n t  o u t  w i t h  a11 r e s u l t s  

a b l e  f rom the au thor  on request .  

AS can be seen i n  Table I V  the l i f e t i m e s  o b t a i n e d  f rom the  

~ c t i o n s  o f  Table I show q u i t e  d i f f e r e n t  behav io rs :  whereas the  

f u n c t i o n  labe led  J a i n  72 ( 1 )  p r e d i c t s  i n c r e a s i n g  va lues w i t h  t h e  quan- 

tum number v', the  ones repor ted  by Yeager and McKoy (TDA and HRPA) s h w  

decreasing behavior .  A lso,  one can see t h a t  the  l i f e t i m e s  a re  a f f e c t e d  

by changing the spect  roscopi  c  constants .  The s i  t u a t i o n  i s  extreme f o r  

the l i f e t i m e s  c a l c u l a t e d  w i t h  the  R, ( r )  f u n c t i o n s  o f  J a i n  72 ( l l ) , R e f .  

4 and Ref. 7:  when u s i n g  the spec t roscop ic  constants  o f  Benesch e t  a2 . 
the  l i f e t i m e  i s  p r e d i c t e d  t o  decrease w i t h  i n c r e a s i n g  v i b r a t i o n a l  leve1 

whereas when us i n g  the  o1 der  Herzberg cons tan ts  the  reverse i s  t rue.  The 

l a s t  two columns o f  Table I V  l a b e l e d  TDA and HRPA show t h e  l i f e t i m e s  ob- 

t a i n e d  us ing  the e l e c t r o n i c  t r a n s i t i o n  moments g iven  by Eqs. ( 1 0 )  and 

(1 1) r e s p e c t i v e l y .  These values seem t o  be too  h i g h  when compared wi  t h  

the p r e s e n t l y  accepted exper imenta l  v a l  ues o f  the  v i  b r a t i o n a l  1 i fe t imes  

o f  the c3rU s t a t e .  However, i t i s  wor th  m r n t i o n i n g  t h a t  the  e x i s t i t , g  ex-  

per imenta l  va lues o f  the l i f e t i m e  cover  a  q u i t e  l a r g e  range and t h a t  

u s u a l l y  the range f o r  s i n g l e  1 i f e t i m e s  do n o t  o v e r l a p  w i t h i n  the  l i m i t  

of e r r o r  as can be seen, e.g., i n  Table 1 o f  Ref. 4 .  

4. CONCLUSIONS 

I n  the  present  paper the  E i n s t e i n  A c o e f f  i c i e n t s  f o r  t h e  

N 2  c3nu - ~~n system and the  v i  b r a t i o n a l  1 i f e t i m e s  o f  the c3nU s t a t e  
g 

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

s t a t e s  by Morse p o t e n t i a l s ,  which a l l o w s  one t o  a n a l y t i c a l l y  computethe 

needed band s t r e n g t h  f a c t o r s ,  us ing  e l e c t r o n  i c  t r a n s i  t i o n  moment func-  

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

w i t h  d i f f e r e n t  R ( r )  f u n c t i o n s  show some d isc repanc ies  a m n g  themselws,  

which are,  however, w i t h i n  t h e  exper imenta l  u n c e r t a i n t i e s .  We a l s o  c a l -  

c u l a t e  the  l i f e t i m e s  usíng the ab initio TDA and HRPA e l e c t r o n i c  t r a n -  

s i t i o n  moment f u n c t i o n s  o f  Yeager and McKoy and which seem t o  be t o o  

h i g h b y a p p r o x i m a t e l l y a f a ~ t o r o f  1 . 1 8 a n d 1 . 1 6 ,  r e s p e c t i v e l y .  Th is  

conc lus ion  i s  based on t h e  exper imenta l  1  i f e t i m e  o f  the  ground v i b r a t i -  



onal  l e ve )  bs i ng  .ro = 36.6 nsec. We repeated a11 the  above c a l c u l a t i o n s  

us ing  the  usual F -cen t ro id  approachand found t h i s  approach t o  be f u l  l y  

j u s t i f i e d  i n  the p resen t  case which uses up t o  second o rder  polynomial  

R,(r) f unc t i ons .  

The author  thanks Dr.John D.Gaffey, J r .  f o r  c r i t i c a l l y  rea-  

d i ng  the  manuscr ip t  and the  cornputer cen te r  o f  UFRGS f o r  g r a n t i n g  com- 

pu te r  t ime. Th is  work was p a r t i a 1  1 y supported by the  b raz i  1 i an  agencies 

CNPq and FIi+E:P. 
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