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ON A DISSOCIATION SCHEME FOR THE 
SPECTRUM OF CO  ̂=*=

B y  P R A B H A T  K .  vS K N  G U P T A

( R e c e i v e d  f o r  p u b l i u i t i o } i .  M a y  3, 2931)

ABSTRACT. A d is s o c ia t io n  sch em e has been prop osed  Utv th e sp ectru m  o f CO*̂  and 

c o r r e la te d  w ith  th e  c u n v e ig e n c e  lim its  o f th e k n o w n  > pectioscopu ' sta te s. I 'or th e e n erg y  

o f d is s o c ia t io n  o f C O ^  th e  v a lu e s  5.58 a n d  7.92 vo lts  h a v e  been C onsidered l ik e ly  a cc o rd in g  

a s  th e  p r o d u c ts  o f  d is s o c ia t io n  are ~f i)(^P) an d  C('*/’ ) -f < rcsp eiT iviO y.

I n  a  r e c e n t  p a p e r  t h e  a u t h o r  (vS en  G u p t a ,  i g s i )  h a s  s h o w n  t h a t  t h e  

u s e  o f  t h e  v a l u e  D ( C O j = 8 . 8 7  v o l t s  e x p l a i n s  s a t i s f a c t o r i l y  t h e  p r e d i s s o c i a t i o n  

effects i n  t h e  s p e c t r u m  o f  C t )  a n d  t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  o n  t h e

s u b l i m a t i o n  o f  g r a p h i t e .  A s  t h e  e n e r g y  o f  d i s s o c i a t i o n  o f  C O  M s  c l o s e l y

i n t e r r e l a t e d  w i t h  t h a t  o f  C O ,  a n  a t t e m p t  i s  m a d e  h e r e  t o  f i n d  o u t  w h e t h e r  a

d i s s o c i a t i o n  s c h e m e  w i t h  t h e  a s s i g n m e n t  o f  7J ( L O )  =  1^ .8 7  ' o i l s  i s  a b l e  t o

a c c o u n t  f o r  t h e  o b s e r v e d  e f f e c t s  i n  t h e  s p e c t r u m  o f  C O ' .

F o r  C O ' ' ’ , t h r e e  b a n d  s y s t e m s  a r e  k n o y n ,  v i z .

F i r s t  n e g a t i v e  : 71 ^  A  "5 ’

Comet tail : . 1 *11 ^ A  '̂2 "

B a l d e t - J o h n s o n  : B  — > A  ' T I

T h e  d a t a  s o  f a r  a v a i l a b l e  a r e  g i v e n  i n  t h e  f o l l o w i n g  T a b l e .

T ahi.k I

(Sponer, 1935 ! B iskaiiip , 1933)

State

A *n

Energy height 
above g r o u n d  
state in volts

2-53

5.66

V ib r a t io n a l le v e ls  o b se rv e d  E x tra p o la te d  c o n v e rg e n c e  lim its

Number

v = i3 
(v = 33)

V = i4

v = i o

E n e r g y  h e ig h t a b o v e  v - o o f  
a b o v e  sta te ,

in  volt.s in  v o lts

3.21
(6.90)

2. so

i.So

y.90

3-70

Com inauicated by Prof. M. N. Saha, D.Sc., l- .R.S.

Above ground 
s la te , 
in  v o lts

9.90

- 7-33
9.36
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The location of the convergence limit of the ground state X  is most 
important, but it will be seen that only a few vibrational levels have been 
observed. Biskanip’s (1933) linear extrapolation, yielding 9,9 volts for this 
limit covers an unknown region of about two-thirds of this value and can 
be regarded only as an upper limit for the energy of dissociation. Other 
investigators (Biskainp, 1933 ; Asundi and Samuel, 1937 ; Asundi, 1943 ; 
f»aydon and Penney, 1945) have made use of the extrapolated value 9.9 in 
their discussions, but it is felt that the extrapolation is too long for this 
value to be reliable. For molecules of this type Gaydon (1946) has given 
some exatn])les showing that the Birge-Sponer extrapolation is about 20% high 
when the extrapolation is long. Allowing for this error, the convergence 
limit of the X  state would be expected to lie at about 9.9— 1.98 =  7.92 
volts. Asundi (1943), by observing perturbations in -̂  =  7 level of the 
B state, followed the vilnational levels of the X  state up to “̂  =  33 
corresponding to 55C)82 cm“ * (6.90 volts), which may be taken as a lower 
liinil for the position of convergence of the X  ' slate.

For the states .1 ' l l  and B , the ranges of extrapolation are compara
tively shorter and consequently uncertainties lesser.

II

I'or CO *, two dissociation i>rocc.sses may be considered :

c o M x  -:s")+ z)i(co + ) =  c+("P) + o ('P )  

coM x “s-^)+r>Jco")=crp/+o^(^S)
«'i)

(2)

in which Di and represent tlie respective energies of dissociation. Tet 
I i C \  J(Q) and 7 (CO) denote the the first ionization potentials C, O and CO  
respectively. Then the interrelations of these quantities are obtained from 
the following expressions :

C O M X  “S * + D A C o n  =  C'r-B)  + OC^P)

C -( “7̂ ) =  e r r )  + 7 (C)
CPP) + oV'P) =  c o ( X  ’S") + t:>(c o )

C O (X  ‘5 ^  + 7 (CO) =  CO^ (X

Therefore,

Similarly,

r>i(CO") =  /(C) + £>(CO) - 1  (CO) 

D2(C0 )̂ =  7 (0 ) + D (CO l— 7 (CO
(3)

(4)

The known spectroscopic values of the quantities in the above expres
sions are :

J(C; =  11.26 volts 
7(0 ) =  13.60 volts

£>(CO) =» 8.87 ,, (Sen Gupta, .1951)
KCO) == 1 4 - 5 S  (Anand, 194a)



Dissociation Scheme for Spectrum of CO 389
S u b stitu tin g : these va lu es in and (4! u c  g et,

£>i(CO'^) =  t;.[5S volts .. .. ... (5)

D,(C(y)  = 7.92 ... ... ... (6)

x\sundi and Samuel (1937) also considered the possibility  of the processes 
(x) and (2) g iv e n , b u t th e y  h a ve  a d ifltaent dissociation schem e.

^ t̂xiits a r is in g  o u t of the diflcrcnt ctjuibinaiions of the products of 
d isso ciatio n  m a y  n o w  be calcu lated  with the aid of (5) and <6) and the 
a to m ic  term  diflferences •■’P<-'’ D =>i.26 volts for carbon and 1.96 volts for 
o x y g e n . T h e  re su lts  are g iv en  in T a b ic  II .

T ahi.k I I

P ro d u cts  of dissociation

C+(*P) + 0 (3p)

C+(3P) + OOD)

C(3P) 4- 0 (̂4S)

C(W) + OU'fS)

Cnienhitrd limits 
volLs

5-5‘S 

7 54
- g , 

<). I 8

OhscrvtMl liniils 
volts

—'7-33

(7-02)

State

/f 2n (?) 

\  25-̂

/? 22+

In  th e  la«;t tw o  co lu m n s tlie exj)ci iin jtita l results have been reproduced 
from  T a b le  I , b u t, fo r  the stale, the estim ated value 7.Q2 volts, has
been sh ow n  in stead  of the extrafio lated  value 9 o volts, as already d is
cu ssed . T h e  effect correspond ing to 5-5<̂  vo lts does not appear to liav^c 
been o bserved  so far. T im s w ithin the lim its of error in extrapolation  tlie  
a g reem en t b etw een  the calcu lated  and the observed lim its ajitiears to be 

fa ir ly  sa tis fa c to ry .
G a y d o n  and  P e n n e y  (1945^ have indicated the extrapolated lim it of the 

A  state  to  be at 9.2 vo ltes, that is, alm ost at the .same height as that of 
th e  B  sta le . I f  th is  value is accepted, it would mean that the effects 
e x p e cte d  at 5.58  and 7.54 vo lts are m issing. ^>uch a co n tin gen cy  is not 
u n lik e ly , i f  w e con sid er that the vibrational levels of the /I H  and B -m
states h a v e  n o t been observed  in em ission beyond i» =  i4  and x> =  io  respec
t iv e ly . T h e  u n o b served  lim its lie in the v ic in ity  of the en ergy h e ig h ts
o f th ese  v ib ra tio n a l levels  and su ggest the p ossib ility  of the ex isten ce  of 

repulsive sta te s .
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