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TRANSITION PROBABILITY DATA FOR SEVEN BAND SYSTEMS OF C2 

KEY WORDS: T r a n s i t i o n  P r o b a b i l i t y ,  C2  Molecule 

D.  M. Cooper 
Ames Research Cen te r ,  NASA, M o f f e t t  F i e l d ,  C a l i f o r n i a  94035 

and 

R. W. N i c h o l l s  
Cen t re  f o r  Research i n  Experimental  Space Sc ience ,  

York U n i v e r s i t y ,  Toronto 

A b s t r a c t  - Abso lu te  t r a n s i t i o n  p r o b a b i l i t y  pa rame te r s  Sv lv l , ,  A v l v l , ,  

and f V , V , ,  f o r  s even  band systems of t h e  C 2  molecule  are r e p o r t e d .  

These pa rame te r s  are based on a b s o l u t e  measurements of t h e  

e l e c t r o n i c  t r a n s i t i o n  moments. 

INTRODUCTION 

The C band systems appear  i n  a b s o r p t i o n  and emiss ion  i n  a 2- 

wide v a r i e t y  of terrestrial and a s t r o p h y s i c a l  s o u r c e s .  R e l i a b l e  

s p e c t r o s c o p i c  d i a g n o s t i c s  of t h e s e  s o u r c e s  depend c r u c i a l l y  on t h e  

a b s o l u t e  v a l u e s  of t r a n s i t i o n  p r o b a b i l i t y  d a t a  of t h e  band 

systems involved.  I n  t h i s  paper  new t r a n s i t i o n  p r o b a b i l i t y  d a t a  
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140 COOPER AND NICHOLLS 

determined by shock tube spec t roscopy  a r e  p r e s e n t e d  f o r  seven 

band systems of C2. 

There a r e  e i g h t  known C -band systems i n  t h e  0.2- t o  1.2-micron 2 

s p e c t r a l  r eg ion .  These t r a n s i t i o n s  a r e  r e p r e s e n t e d  on t h e  energy 

l e v e l  diagram of F igu re  1 where t h e  s i n g l e t  and t r i p l e t  t r a n s i t i o n s  

have been s e p a r a t e d ,  and some e l e c t r o n i c  s t a t e s  omit ted f o r  

s i m p l i c i t y .  The s p e c t r o s c o p i c  n o t a t i o n  of t h e  e l e c t r o n i c  s t a t e s  i n  

F igu re  1 i s  adopted from t h e  s y s t e m a t i c  r e l a b e l i n g  of C2-electronic  

s t a t e s  recommended by Herzberg e t  a l .  1 

Of t h e  e i g h t  systems r ep resen ted  on F igu re  1, t h e  e l e c t r o n i c  

t r a n s i t i o n  moment of on ly  t h e  dominant Swan System h a s  been r e l a t i v e l y  

Freymark 
6 -  I 

Fox- Herzberg 

d '  Azambuja 

4 -  
(ev) Deslandres 

* -  I I '7: ++- c 3 2 :  

Phillips 
x '1; 

01 + 
FIG. 1 

Energy l e v e l  diagram f o r  C2, showing t h e  
impor t an t  e l e c t r o n i c  t r a n s i t i o n s .  
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C2-BAND SYSTEMS 141 

well determined. This paper presents new measurements of electronic 

transition moments of seven of these band systems obtained by the 

synthetic spectrum analysis of absolute intensity data from 

shock-excited C2. The Messerle-Krauss system3 was not excited 

strongly enough in the shock tube for intensity measurements to be 

obtained. The electronic transition moments are used below to 

determine extensive tables of the transition probability parameters 

SvlvI1 ,  A v l v l l ,  and fV,VII for each of the band systems measured. The 

complete details of these measurements are given in References 4 

and 5. 

THEORY 

The integrated intensity of a rotational line due to spontaneous 

emission is given by 

J ' A '  W 
\lvll sJIII\II I 3 

cm SR 

where 

CIRe(;VIV,l) 1' = sum of  the square of the electronic transition 

moment. In this study it is normalized to the 

quantity (ea ) . 2 

= Franck-Condon factor. 

= Honl-London factor. 

qv ' V" 
J ' A '  

sJIII\II 

= number density of particles in the upper state 
NU 

A l l  other symbols are conventional. 
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142 COOPER AND NICHOLLS 

2 I n  t h e  experimental  work, a shock tube was used t o  e x c i t e  C 

band systems thermally i n  A-C2H2 mixtures .  

p r o p e r t i e s  of t h e  shock-heated g a s ,  inc luding  t h e  equi l ibr ium s p e c i e s  

concent ra t ion  Nu, were a c c u r a t e l y  c a l c u l a t e d  from thermochemical 

theory. 

c o n t r i b u t i n g  l i n e s  i n  a radiometer pass-band were used t o  determine 

The thermodynamic 

Thus, absolu te  measurements of EJ I J l ,  summed over a l l  

Re 2 Elleal . For t h i s  work, t h e  Franck-Condon f a c t o r s  

H%d-London f a c t o r s  (SJllAll) were those  of McCallum J'A' 0 

Schadee, ' r e s p e c t i v e l y .  

given i n  Reference 4. 

A complete compilat ion of t h e s e  numbers i s  

Formal summation of Equation (1) over a l l  l i n e s  i n  a v i b r a t i o n a l  

band leads  t o  

which r e p r e s e n t s  t h e  t o t a l  i n t e g r a t e d  

(v',v") band. The term 7 i n  Equation 

i n t e n s i t y  i n  a v i b r a t i o n a l  

( 2 ) ,  i s  t h e  band o r i g i n  frequency. 

A t  f ixed  thermal c o n d i t i o n s ,  t h e  r e l a t i v e  s t r e n g t h  of E i s  

cont ro l led  p r i m a r i l y  by t h e  Franck-Condon f a c t o r s ,  whose magnitudes 

p r e d i c t  the  r e l a t i v e  i n t e n s i t i e s  of a l l  v i b r a t i o n a l  bands i n  an 

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

vlv'l 

Figures  2-8 d i s p l a y  Deslandres a r r a y s  of normalized Franck- 

Condon f a c t o r s  f o r  t h e  seven band systems on which t h e  occurrence of 

r e l a t i v e l y  s t rong  bands i s  clear. For each band system t h e  Franck- 

Condon f a c t o r s  have been normalized t o  u n i t y  f o r  t h e  s t r o n g e s t  band 

of t h e  system, and only those  normalized v a l u e s  g r e a t e r  than 0.1 a r e  

displayed.  
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C2-BAND SYSTEMS 143 

FIG. 2 
Deslandres diagram of normalized 

Franck-Condon factors  for the 
Swan system. 

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

c)  0 10-0 24 

FIG. 3 
Deslandres diagram of normalized 

Franck-Condon factors  for the 
Ballik-Ramsay system. 
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144 COOPER AND NICHOLLS 

V "  
\ O  I 2 3 4 5 6 7 8 9 10 

3 
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0 0 0  

075-100 

0 050-0 74 

0 0 25-0 49 

0 0 10-0 24 

FIG. 4 
Des landres  diagram of normalized 

Franck-Condon f a c t o r s  for  t h e  
Fox-Herzberg system. 

9 0 050-074 

1 0  8 025-049 
- 0 0 10-0 24 

- 

FIG. 5 
Des landres  diagram of no rma l i zed  

Franck-Condon f a c t o r s  for t h e  
Mul l iken  system. 
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C2-BAND SYSTEMS 145 

V "  
0 1 2 3 4 5 ,  

0 

v '  3 

4 

6 

( q"' v "  

\ 

0 0 75-100 

0 0 5 0 - 0 7 4  

8 0 2 5 - 0 4 9  

0 0 1 0 - 0 2 4  

FIG. 6 
Deslandres diagram of normalized 

Franck-Condon factors  for the 
Freymark system. 

0 0 75-1 00 

0 0 25-0 49 

F I G .  7 
Deslandres diagram of normalized 

Franck-Condon factors  for the 
Deslandres-d'Azambuja system. 
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146 COOPER AND NICHOLLS 

e 0 50-0 74 

8 0 25-0 49 

Q 0 10-0 24 

FIG. 8 
Deslandres diagram of normalized 
Franck-Condon factors for the 

Phillips system. 

The locus of the most intense bands is the principal Condon 

locus, which is quasi-parabolic with an axis near the principal 

diagonal. The width of this curve, the distance of its apex from 

( O , O ) ,  and the existence within it of subsidiary loci depend upon 

the magnitude of the difference of equilibrium internuclear 

separations (Are).8 Examples of cases of small Are, medium Are, 

and large Are are seen, respectively, in Figures 5, 8, and 4. 

EXPERIMENTAL METHODS 

The experimental measurements were made in a stainless steel 

combustion-driven shock tube. The test gas was nominally 85% A 

and 15% C2H2. 

approximately 600OoK and 1017 particles/cm3 , respectively. 
Postshock temperature and C2 concentration were 
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C,,-BAM) SYSTEMS 147 
L 

Abso lu te  i n t e n s i t i e s  of s e l e c t e d  s p e c t r a l  r e g i o n s  of the 

r a d i a t i o n  were measured behind t h e  i n c i d e n t  shock wave as a f u n t i o n  

of t i m e  by a b s o l u t e l y  and s p e c t r a l l y  c a l i b r a t e d  narrow band-pass  

r ad iomete r s .  These measurements were conve r t ed  t o  e l e c t r o n i c  

t r a n s i t i o n  moments by a s y n t h e t i c  spectrum a n a l y s i s  which a c c o u n t s  

f o r  t h e  c o n t r i b u t i o n  from each  l i n e  i n  t h e  r ad iomete r  band-pass by 

u s i n g  Equa t ion  (1) augmented by a l i n e  p r o f i l e  f a c t o r  of  Vo ig t  form. 

Complete d e t a i l s  of t h e  shock t u b e  o p e r a t i o n ,  i n s t r u m e n t a t i o n ,  and 

d a t a  a n a l y s i s  p rocedures  a re  g i v e n  i n  Refe rence  4 .  

RESULTS ANTI DISCUSSION -- 
The f i n a l  r e s u l t s  of  o u r  measurements on e l e c t r o n i c  t r a n s i t i o n  

Re 
ea moments are d i s p l a y e d  i n  Tab le  1. 

averaged ove r  a g i v e n  Av sequence i n  each  c a s e .  T h i s  i s  because  t h e  

band p a s s  o f t e n  i n c l u d e s  c o n t r i b u t i o n s  from two or more v i b r a t i o n a l  

t r a n s i t i o n s  of a p a r t i c u l a r  band. Column 3 of  Tab le  1 g i v e s  t h e  

number of  d a t a  p o i n t s  from which t h e  f i n a l  r e s u l t  i n  column 4 w a s  

o b t a i n e d .  

have been de te rmined  h a s  a l s o  been i n c l u d e d .  These v a l u e s  of 

e l e c t r o n i c  t r a n s i t i o n  moments f o r  C2 band sys t ems  t h u s  r e p r e s e n t ,  

f o r  t h e  f i r s t  t i m e ,  a f i r m  b a s i s  f o r  t h e  e s t a b l i s h m e n t  o f  a r r a y s  of 

a b s o l u t e  t r a n s i t i o n  p r o b a b i l i t y  d a t a  f o r  a l l  bands of t h e  sys t ems .  

The C)--1’ v a l u e s  a re  r e s p e c t i v e l y  

Re A s  estimate of  t h e  accu racy  t o  which t h e  I~--’ v a l u e s  
eao 

Re 
Each ~~~~’ v a l u e  of  Table  1 is  s p e c i f i c  to  t h e  wavelength 

0 

a t  which i t  w a s  measured. The measurements a t  two Av sequences  f o r  

each of t h e  P h i l l i p s  and Deslandres-d’Azambuja s y s t e m s  on Table  1, 

and a n  earlier scanned spectrum study’ of  t h e  C 2  Swan system 
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C2-BAND SYSTEMS 149 

i n d i c a t e  that  t h e  e l e c t r o n i c  t r a n s i t i o n  moments do  n o t  appea r  t o  

va ry  s i g n i f i c a n t l y  ove r  any  of  t h e  C 2  sys t ems ,  p a r t i c u l a r l y  f o r  

t h o s e  of  r e l a t i v e l y  s m a l l  s p e c t r a l  e x t e n t .  T h e r e f o r e ,  by assuming 

Re 2 
11-1 ea = c o n s t ,  t h e  a b s o l u t e  a r r a y s  of band s t r e n g t h s  ( S v l v , , ) ,  band 

TABLE 2. 

-1 
S v l v I I ,  f V I V l l .  and A V I V I I  ( s e c  ) Values  f o r  t h e  C 2  Swan System 

R 2  
(ElL[ = 3 . 5 2 )  ea 

1 2 3 4 5 6 7 8 9 10 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.55 7.74-1 
2.50-2 6.96-3 
6.27+6 1 4 7 + 6  
8.66-1 1.16 
9.27-3 1.15-2 
2.76+6 2.91 +6 
1.02-1 1.30 
1 .18-3 1.40-2 
4.1 1 +5 4.20+6 
4.75-3 2.63-1 
5.90-5 3.05-3 
2.37+4 1.07+6 
4.54-5 1.65-2 
6.01 -7 2.05-4 
2.74t2 8.24+4 
1.1 1-6 1.40-4 
1.56-8 1.85-6 
8.00 8.43+2 

1.1 5-5 
1.61 -7 
8.22+1 

LEGEND 
Sv,v', 

fv.v" 

1.62-1 
1.33-3 
2.31 +5 
1.01 
9.17-3 
1 . 9 6 ~ 6  
4.12-1 
4.10-3 
1.05'6 
1.45 
1.57-2 
4.74.6 
4.51 -1 
5.24-3 
1.84+6 
3.52-2 
4.37-4 
1.75+5 
2.15-4 
2.84-6 
1.29+3 
6.27-5 
8.75-7 
4.43+2 

~ 

2.97-2 
2.20-4 
3.1 2+4 
3.59-1 
2.97-3 
5.30+5 
9.33-1 
8.54-3 
1.86.6 
7.85-2 
7.85-4 
2.04t5 
1.42 
1.54-2 
4.68+6 
6.44-1 
7.49-3 
2.63+6 
5.98-2 
7.42-4 

1.63-4 
2.14-6 
9.66+2 
2.37-4 
3.29-6 
1.65+3 

2.97+5 

5.32-3 
3.52-5 
3.99+3 
9.40-2 
7.05-4 
1.03+5 
5.14-1 
4.30-3 
7.82.5 
7.1 1-1 
6.55-3 
1.45+6 
6.16-5 
6.19-7 
1.60+2 
1.28 
1.39-2 
4.24+6 
8.27-1 
9.61 -3 
3.38+6 
8.66-2 
1.07-3 
4.27+5 
1.32-5 
1.73-7 
7.71 +l 
6.90-4 
9.51 -6 
4.70+3 

9.82-4(a) 
5.76-6 
5.07+2 
2.20-2 5.07-3 
1.48-4 3.02-5 
1.74+4 2.80+3 
1.82-1 5.39-2 
1.38-3 3.68-4 
2.07+5 4.47+4 
5.88-1 2.73-1 
4.22-3 2.10-3 
9.20+5 3.22+5 
4.54-1 5.81 -1 
4.21 -3 4.94-3 
9.40+5 9.30+5 
5.21 -2 2.37-1 
5.25-4 2.21 -3 
1.38+5 4.98+5 
1.11 1.50-1 
1.20-2 1.51 -3 
3.69+6 4.01 +5 
1.00 9.33-1 
1.16-2 1.01-2 
4.06.6 3.09.6 
1.12-1 1.15 
1.38-3 1.33-2 
5.45+5 4.62+6 
2.56-4 1.30-1 
3.33-6 1.59-3 
1.47+3 6.23+5 

1.50-2 
9.13-5 
8.78+3 
1 .OO-1 3.33-2 
6.93-4 2.06-4 
8.66+4 2.06+4 
3.48-1 1.55-1 
2.70-3 1.09-3 
4.23+5 1.40+5 
5.00-1 3.87-1 
4.28-3 3.03-3 
8.1615 4.82+5 
8.69-2 3.84-1 
8.12-4 3.30-3 
1.84+5 6.36+5 
2.39-1 1.26-2 
2.41-3 1.18-4 
6.39t5 2.68t5 
7.81-1 2.94-1 
8.44-3 2.96-3 
2.57+6 7.83+5 
1.30 6.72-1 
1.50-2 7.24-3 
5.15+6 2.18+6 

6.09-2 
3.84-4 
3.40+4 
2.09-1 
1.48-3 
1.95+5 
3.87-1 
3.05-3 
4.92+5 
2.53-1 
2.18-3 
4.23.5 
2.65-3 
2.48-5 
5.64.3 
3.03-1 
3.04-3 
7.99+5 

9.61 - 2  
6.14-4 
6.51 +4 
2.52-1 
1 .81 -3 
2.41 +5 
3.46-1 
2.74-3 
4.46+5 
1.39-1 
1.20-3 
2.33.5 
3.63-2 
3.39-4 
7.68+4 

Av,v" 1.64-3 2.48-3 1.33-1 1.43 6.09-1 2.73-1 
2.24-5 3.20-5 1.62-3 1.63-2 6.52-3 2.73-3 
1.07+4 1.39.4 6.23.5 5.56+6 1.94+6 7.09+5 

"'The fourth digit of an entry is the power of ten by which it is multiplied. 
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150 COOPER AND NICHOLLS 

oscillator strengths (fVIVll), and band Einstein A coefficients 

(Avlvl1) for the systems can be calculated as described below. 

The band strength defined in Equation (3) is the quantity 

which controls band oscillator strengths and band Einstein A 

TABLE 3. 

Svlvl l ,  fVIVll, and AVlvll (sec-') Values for the C2 Phillips System 

( X / y 1 2  Re = 0.38) 

0 

1 2 3 4 5 6 7 8 9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1.57-1 
3.94-3 
8.90+4 
1.26-1 
3.77-3 
1.22+5 
6.16-2 
2.14-3 
9 . 2 8 ~ 4  
2.40-2 
9.44-4 
5.28+4 
8.21-3 
3.61 -4 
2.52+3 
2.61 -3 
1.26-4 
1.07+4 
7.94-4 
4.20-5 
4.26+3 
2.34-4 
1.34-5 
1.59+3 
6.76-5 
4.1 6-6 
5.07+2 
1.95-5 
1.28-6 
2.00+2 
5.66-6 
3.96-7 
6.99+1 

1.51 -1 
2.96-3 
4 . 0 9 ~ 4  
2.10-3 
5.12-5 
1.10+3 
6.54-2 
1.91 -3 
5.84+4 
7.56-2 
2.55-3 
1 . 0 5 ~ 5  
4.79-2 
1.84-3 
9.78+4 
2.92-2 
9.83-4 
6.53+4 
9.35-3 
4.42-4 
3.58+4 
3.48-3 
1.80-4 
1.74+4 
1.22-3 
6.83-5 
7.74+3 
4.10-4 
2.47-5 
3.24+3 
1.35-4 
8.69-5 
1.30+3 

5.89-2ia) 
8.31 -4 
5.97+3 
1.1 0-1 1.03-1 
2.08-3 1.39-3 
2 . 6 9 ~ 4  9.23+3 

5.23-4 1.99-4 
1 . 0 5 ~ 4  9.64+3 
1.20-2 5.43-2 

9.85+3 2.37+4 
5.24-2 4.67-4 

2.21 -2 4.37-2 

3.40-4 1.25-3 

1.72-3 1.29-5 
6.75+4 3.52+2 
5.51 -2 2.1 9-2 
2.06-3 7.02-4 
1.04+5 2.61 +4 
3.65-2 4.56-2 
1.53-3 1.66-3 
9.68+4 8 . 0 1 ~ 4  
1.90-2 4.25-2 
8.79-4 1.74-3 
6.79+4 1.05+5 
8.65-3 2.82-2 
4.32-4 1.27-3 
3.99+4 9.38+4 
3.51 -3 1.53-2 
1.92-4 7.56-4 
2.08+4 6.66+4 
1.36-3 7.33-3 
8.01 -5 3.92-4 
1.00+4 4 . 0 6 ~ 4  

1.15-1 
1.49-3 
9.1 1 +3 
6.35-3 
1.12-4 
1.26+3 
5.93-2 
1.32-3 
2.36+4 
1.40-2 
3.75-4 
9 . 7 0 ~ 3  
3.36-3 
1.05-4 
3.69+3 
2.78-2 
9.89-4 
4.52+4 
3.95-2 
1.58-3 
9 . 0 5 ~ 4  
3.37-2 
1.49-3 
1 . 0 4 ~ 5  
2.20-2 
1.06-3 
8.92+4 

1.06-3 
1.81 -5 
1.90+2 
4.33-2 
9.34-4 
1.57+4 
3.10-2 
8.07-4 
1.97+4 
6.42-4 
1.95-5 
6.51 +2 
1.11-2 
3.85-4 
1.67+4 
2.95-2 
1.1 5-3 
5.27+4 
3.36-2 
1.45-3 
9.68+4 

LEGEND 
Sv.v.. 

tV.V.. 

Av.v" 

3.91 -2 
9.89-4 
2.29+4 

-~8.59-3 3.65-2 
2.54-4 8.98-4 
8.04+3 1.96+4 
1.57-3 1.95-2 2.64-2 

2.19+3 1 . 6 9 ~ 4  1.31+4 
5.31 -5 5.62-4 6.32-4 

1.69-2 5.21 -4 2.72-2 1.44-2 
6.42-4 1.72-5 7.64-4 3.36-4 
3.34+4 6.74+2 2.17t4 6.58+3 

'"The fourth digit of an entry is the power of ten by which it is multiplied. 
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C2-BAND SYSTEMS 151 

coef f ic ients  defined i n  Equations ( 4 )  and ( 5 ) .  Absolute arrays of 

these quantities represent very important transition probability 

data for band systems. 

TABLE 4 .  
-1 

S v , v l , ,  f V , V I I ,  and A (sec ) Values for the C 2  Ballik-Ramsey System v'vll 

Re 2 
ea (11-1 = 0.65) 

0 1 2 3 4 5 6 7 V" 

V '  

4.12-1 1.99-l(a) 

4.98+4 8.70+3 
0 1.1 8-3 4.05-4 

1.75-1 
1 6.28-4 

4.20+4 
4.83-2 

2 2.08-4 
2.01 +4 
1.13-2 

3 5.67-5 
7.43+3 
2.46-3 

4 1.41 -5 
2.39~3 
5.1 9-4 

5 3.33-6 
7.1 0+2 
1.05-4 

6 7.44-7 
1.94+2 

7 

8 

9 

10 

9.43-2 
3.96-4 
3.63+4 
3.17-2 
1.56-4 
1.94+4 
8.97-3 
5.01 -5 
8.14+3 
2.31 -3 
1.45-5 
2.96+3 

1.18-1 
4.83-4 
4.21+4 
5.46-2 
2.61 -4 

1.95-2 
1.06-4 

3.10~4 

1.65+4 

1.17-1 
4.66-4 
3.85+4 
7.35-2 
3.43-4 
3.88+4 
3.25-2 
1.73-4 
2.56+4 

LEGEND 
SV."" 

fv.v" 

Av.v" 

9.82-2 
3.81 -4 
2.98t4 
8.39-2 
3.81 -4 
4.1 0+4 
4.57-4 8.45-2 
2.38-6 3.74-4 
3.35+2 3.82t4 

5.66-2 7.61 -2 
2.87-4 3.28-4 
3.85.4 3.18+4 

6.32-2 6.16-2 
3.13-4 2.59-4 
3.98+4 2.37.4 

"'The fourth digit of an entry is the power of ten by which it is multiplied. 
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152 COOPER AND NICHOLLS 

TABLE 5 .  

~ v l v l l Y  f v l v l l Y  and A vlvll ( s e c - l )  Values f o r  t h e  C 2  Freymark System 

Re 2 
e a  (El-1 = 2.26) 

0 1 2 3 4 5 
\ 

1.31 6.12-1 2.31 - 1  7.41 -2 2.25-2 6.0 3 ~ 3 (a ) 
0 4.64-2 2.10-2 7.64-3 2.36-3 6.92-4 1.79-4 

2.7018 1.14+8 3.86+7 l . l l t 7  3.02+6 7.25+5 
8.38-1 3.66-1 5.02-1 3.25-1 

1 3.07-2 1.30-3 1.72-2 1.08-1 
1.91 +8 7.55+7 9.34+7 5.45+7 
1.06-1 1.09-1 1.06-1 3.16-1 

2 4.01 -3  3.99-3 3.76-3 1.08-2 
2.65t7 2.47+7 2.18+7 5.87+7 
3.44-5 1 .go-1 1.19 4.41 -2 

3 1.38-6 7.16-3 4.35-2 1.56-3 
9.37+3 4.71 +7 2 . 6 8 4  9.01 +6 

4 4.46-5 8.1 1-3 4.62-2 
LEGEND 3.09+5 5.2917 2.83+8 
Sv.V.. 1.24-2 1.75-1 

4.78-4 6.54-3 
fv.v" 3.28t6 4.22+7 
AV."" 4.70-2 

6 1.80-3 
1.22.7 

1.15-3 2.1 6-1 1.27 

5 

'"The fourth digit of an entry is the power of ten by which it is multiplied. 

1.46-1 
4.67-3 
2.20+7 
3.23-1 
1.07-2 
5.42+7 
1.80-1 
6.16-3 
3.33.7 
4.16-2 
1.47-3 
8.42+6 
1.35 
4.89-2 
2.9718 
8.32-2 
3.09-3 
1.97+7 

5.49-2 
1.69-3 
7.44+6 
1.85-1 
5.92-3 
2.80'7 
2 8 5  1 
9 4 3  3 
4.77.7 
9.1 5-2  
3.12-3 
1.68+7 
7.66-2 
2.69-3 
1.53+7 
1.37 
4.93-2 
2.9618 

TABLE 6. 

-1 
SvIvI I ,  f v l v l l ,  and AvIvll ( s e c  ) Values  f o r  t h e  C2  Fox-Herzberg System 

R 2  (ClpI = 0 . 4 0 )  ea 

8.68-4 
0 1.75-5 

1.85t4 
3.57-3 

1 7.39-5 
8.22+4 
8.08-3 

2 1.71-4 
2.00+5 
1.34-2 

3 2.90-4 
3.54+5 

1 

6.84-3 
1.32-4 
1.29+5 
2.04-2 
4.05-4 
4 . 1 6 ~ 5  
3.30-2 
6.72-4 

3.86-2 2.73-2 
8.05-4 5.47-4 
9.09t5 5 7115 

7.25+5 

__.. 
2.46-2 
4.54-4 
4.05+5 
4.68-2 
8.92-4 
8.43+5 
4.52-2 
8.84-4 
8.79+5 

3 4 

5.32-2 7.92-2 
9.44-4 1.34-3 
7 . 7 2 ~ 5  1.00+6 
5.32-2 2.61 -2 
1.05-3 4.56-4 
8 . 4 3 ~ 5  3.62+5 
1.84-2 3.56-4 
3.46-4 6.40-6 
3.16t5 5.38+3 
2.94-4 1.86-2 
5.66-6 3.43-4 
5.45+3 3.04+5 

5 

8.56-2 
1.39-3 
9.43+5 
8.36-4 
1.40-5 

2.45-2 
4.22-4 
3.24+5 
2.85-2 
6.04-4 
4.10+5 

1.01 +4 

6 7 

7.00-2k~) 

6.68+5 
1.08-3 

1.34-2 4.88-2 
2.14-4 7.42-4 
1.41+5 4.46+5 
3.77-2 1.33-2 
6.20-4 2.09-4 
4.36+5 1.34+5 
3.37-3 1.02-2 
5.70-5 1.65-4 
4.25+4 1 . 1  2+5 

8 9 10 

LEGEND 
Sv.v.. 

fv.v" 

Av.v" 
8.64-4 
1.29-5 
7.52+3 
346-2  2.04-2 
5.34-4 3.00-4 
3.31 t5 1.69t5 ~~ ~ 

1.81-2 3.58-2 940-3  5.96-3 2.66-2 5.72-3 8.04-3 2.72-2 6.88-3 5.80-3 3.15-2 
4 4.01-4 7.63-4 1 93-4 1.18-4 5.03-4 1.04-4 1.40-4 4.53-4 1.09-4 8.81-5 4.56-4 

5.11+5 9.02t5 2.11+5 1.19+5 4.69+5 8.90+4 1 . 1 0 ~ 5  3.26+5 7.21+4 5.28+4 2.48.5 
2.56-2 8.56-4 1.50-2 1.45-2 8.40-4 2.01 -2 7.64-3 4.48-3 2.33-2 7.36-3 

5 5.58-4 1.79-5 3.03-4 2.81 -4 1.56-5 3.75-4 1.31 -4 7.34-5 3.65-4 1 . l o - 4  
6.88t5 2 05t4 3.20'5 2.7515 1.41+4 2.98+5 9.9614 5.12+4 2.32+5 6.38+4 

'"The fourth digit of an entry is the power of ten by which it is multiplied. 
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f v l v "  = 

2 811 mc 

3he X v l v I I  
2 

153 

(3) 

( 4 )  

-1 64114v3 sv 1 v I !  
=-. 

A V I V I I  3 (2 - 60,A')(2s1 + 1) ' 3hc 

In view of the relatively small variation of electronic 

transition moment expected across each of these band systems referred 

TABLE 7 .  

-1 

(XI> l 2  = 0 .13)  

S v l v l , ,  f v l v l , ,  and A (sec ) Values for the C Mulliken System v I Vll  2 

0 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 2 3 4 5 6 7 8 9 10 
V'P 

V' 

i .30-1 3.26-4 2.1 1 -5hl 
1.71 -2 4.iO-5 
2.13t7 4.69+4 
3.37-4 1.29-1 
4.61 -5 1.69-2 
6.24+4 2.11.7 
1.19-5 5.43-4 
1.69-6 1.42-5 
2.47+3 1.00+5 

3.45-5 
4.90-6 
7.14+3 

LEGEND 
Sv.v" 

fv,V., 

Avev,, 

2.54-6 

5.12-4 
6.44-5 
7.37+4 
1.29-1 
1.69-2 
2.1017 
6.40-4 
8.74-5 
1.18+5 
6.62-5 
9.38-6 
1.36+4 

2.66+3 
5.47-5 
6.59-6 
6.90+3 
5.86-4 
7.37-5 
8.43t4 
1.29-1 
1.69-2 
2.10t7 
6.45-4 
8.80-5 
1.18+5 
1.05-4 
1.49-5 
2.15+4 

9.46-5 
1.14-5 
1.20+4 
5.76-4 
7.25-5 
8.29.4 
1.29-1 
1.69-2 
2.10+7 
5.81 - 4  
7.91 -5  
1.06.5 
1.47-4 
2.08-5 
2.99+4 

1.37-4 
1.65-5 
1.74.4 
5.07-4 
6.38-5 
7.32+4 
1.29-1 
1.69-2 
2.09*7 
4.71 -4 
6.41 - 5  
8.57+4 
1.91 -4 
2.69-5 
3.87.4 

1.77-4 
2.18-5 
2.25+4 
4.02-4 2.16-4 
5.06-5 2.61 -5 
5.80+4 2.76+4 
1.29-1 2.81 -4 
1.69-2 3.54-5 
2.09.7 4.06.4 
3.37-4 1.29-1 
4.58-5 1.69-2 
6.11.4 2.09+7 
2.34-4 2.04-4 
3.30-5 2.77-5 
4.72.4 3.69+4 

2.73-4 
3.84-5 
5.48'4 

2.50-4 
3.03-5 
3.21 +4 
1.65-4 
2.08-5 
2.39+4 
1.29-1 
1.69-2 
2.09+7 
9.32-5 
1.27-5 
1.68+4 
3.08-4 
4.32-5 
6.16.4 

2.81 -4 
3.41 -5 
3.62+4 
7.24-5 3.09-4 
9 15-5 3.75-5 
1.05.4 4.00+4 
1.29-1 1.56-5 
1.69-2 1.97-6 
2.09+7 2.27'3 
2.28-5 1.29-1 
3.09-6 1.69-2 
4.11.3 2 09+7 

The fourth digit of an entry is the power of ten by which it is multiplied la1 
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154 COOPER AND NICHOLLS 

Re 
ea to above, the CI-12 values of Table 1 were used in Equation (3) to 

calculate an array of band strengths in each case. 

arrays, band oscillator strengths and band Einstein A coefficients 

were calculated using Equations (4) and (5). Composite arrays of 

these quantities are displayed in Tables 2-8 for the C2 band 

systems. 

From these 

TABLE 8. 

Sv,vll, fV,Vl,,and Av,V1l (sec-l) Values for the C2 Deslandres-d'Azambuja 

Re 2 System ( C l ~ l  = 0 . 9 2 )  
0 

2 3 4 5 6 7 8 9 10 
\ 

6.76-1 1.98-1 3.85-2 6.09-3 9.06-4 1.42-410) 
2.67-2 7.34-3 1.34-3 1.97-4 2.72-5 3.95-6 LEGEND 
1.20+7 2.91+6 4.64+5 5.96+4 7.10+3 8.81+2 c 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2.17-1 
9.14-3 
4.69+6 
2.56-2 
1.14-3 
6.61 +5 
9.94-4 
4.43-4 
3.01+4 
2.34-6 
1.16-7 
8.16+1 
9.66-6 
4.97-7 
3.81+2 

3.27-1 2.62-1 
1.30-2 9.79-3 

3.30-1 1.34-1 
1.40-2 5.35-3 
7.22+6 2.47+6 
6.26-2 3.82-1 
2.80-3 1.62-2 
1.62+6 8.40+6 
2.29-3 9.94-2 
1.08-4 4.44-3 

1.29-4 2.31 -3 

4.40+3 6.79+4 

3.27-6 5.29-5 
2.45+3 3.59+4 

1.57-4 
7.85-6 
5.67+3 

5.93+6 3.95+6 

6.87+4 2.55+6 

6.33-6 1.08-4 

6.44-5 1.09-3 

8.83-2 
3.09-3 
1.10+6 
2.43-1 
9.14-3 
3.73+6 
4.43-2 
1.77-3 
8 . 2 2 ~ 5  
4.05-1 
1.71 -2 
8 . 8 6 ~ 6  
1.29-1 
5.72-3 
3.25+6 
4.26-4 
1.97-5 
1.21 +4 
4.64-3 
2.21 -4 
1.45+5 
4.29-5 
2.10-6 
1.45+3 

2.04-2 
6.68-4 
2.07+5 
1.30-1 
4.59-3 
1 . 6 6 ~ 6  
1.80-1 

2.80+6 
6.80-3 

1.07-2 
4.28-4 
1.98+5 
4.24-1 
1.78-2 

1.38-1 
9.12+6 

3.36+6 

6.07+4 

3.12+6 
7.87-4 
3.73-5 
2.42+4 

6.05-3 

2.25-3 
1.02-4 

1.07-2 
4.98-4 

4.14-3 
1.26-4 
3.39+4 
4.16-2 
1.38-3 
4.34+5 
1.49-1 
5.29-3 
1.92+6 
1.06-1 
4.00-3 
1 . 6 5 ~ 6  
2.26-3 

4.12+4 
4.45-1 

8.99-5 

1.86-2 
9.28+6 

2 . 6 6 ~ 6  

1.15-1 
4.96-3 

2.59-2 
1.15-3 
6.60+5 
9.12-3 

2.42+5 

3.12-4 
1.87+5 

4.12-4 

6.85-3 

8.60-4 
2.43-5 
5.60+3 
1.12-2 
3.45-4 
9.48+5 
6.44-2 
2.14-3 

1.45-1 
6.85+5 

6.15-3 
1.88+6 
4.12-2 
1.55-3 
6.32+5 
1.80-3 
7.09-5 
3.18+4 
4.51 -1 
1.84-2 
8.91 +6 
5.20-2 
2.19-3 
1.1216 
8.10-2 
3.48-3 
1.86+6 
2.03-3 

4.78+4 
8.80-5 

3.00-3 
8.59-5 

2.28-2 7.75-3 
8.77-4 2.24-1 

2 . 0 4 ~ 4  

1 . 9 8 ~ 5  5.42+4 

8.69+5 3.29+5 

8.1 1-2 3.75-2 
2.70-3 1.17-3 

1.22-1 8.20-2 
4.32-3 2.73-3 
1.56+6 8.81 +5 
3.41 -3 9.29-2 
1.27-4 3.26-3 
5.07+4 1.16+6 
6.97-3 1.27-2 
2.70-4 4.64-4 
1.1 7+5 1.79+5 
3.74-1 1.90-2 
1.49-2 7.17-4 
6.86+6 2.95+5 
2.00-4 1.62-1 
8.15-6 6.25-3 

5.46-2 4.17-2 
2.26-3 1.63-3 

3.90+3 2.69+6 

1.10+6 7.16+5 

1.57-2 
4.57-4 
1.12+5 
5.10-2 2.57-2 
1.59-3 7.47--4 
4.45+5 1.82+5 
6.15-2 5.80-2 
2.03-3 1.79-3 

7.19-2 2.38-2 
2.48-3 7.71 -4 

8.40-2 6.88-2 
2.99-3 2.31 -3 
1.10+6 7.52'5 

6.35+5 4.93+5 

8.50+5 2.33+5 

1.39-2 1.44-1 
5.07-4 4.95-3 
1.9516 1.69+6 
1.67-3 9.66-3 
6.16-5 3.37-4 
2.43+4 1.19+5 

The fourth digit of an entry is the power of ten by which it is multiplied. 1.1 
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