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SPECTROSCOPY LETTERS, 6( 3 ) ,  143-146 (1973 1 

Thermal Emiss ion  S p e c t r a  of two N e w  Diatomic E m i t t e r s  - CrS and MnS 

A .  Monjazeb and ilari Mohan 
Department of P h y s i c s ,  Allahabad U n i v e r s i t y ,  Al lahabad ,  I I \ IDIA 

e 4 g a g :  Band s p e c t r a  of two h i c h e r t o  unknown 
d ia tomic  emitters - CrS and MnS have been observed 
i n  the rma l  emis s ion  u s i n g  a vacuum g r a p h i t e  fu rnace .  
While t h e  spectrum a t t r i b u t e d  t o  C r d  l i e s  i n  t h e  
s p e c t r a l  r eg ionXh3860  - 4650, MnS bands f a l l  i n  
t h e  re,:ion),),4200 - 5900. V i b r a c i o n a l  analyses of 
t h e  bands observed i n  bo th  t h e  cases g i v e  
s p e c t r o s c o p i c  c o n s t a n t s  which t a l l y  n i c e l y  w i t h  
t h e  mass-spec t romet r ic  d a t a .  

Diatomic mole c i l les  i n v o i v  ing  t r a n s i t  i o n  group e l emen t s  as 

One of t h e  c o n s t i t u e n t  atoms have a l w a y s  been of g rea t  

t h e o r e t i c a l  i n t e r e s t  as models t o  s7;udy t h e  r o l e  of d -e l ec t rons  

i n  chemicai  bonding. While r e c e n t  i n v e s t i g a t i o n s  i n  h igh  

t empera tu re  mass-spectrometry have put  t o  ev idence  t h e  

e x i s t a n c e  of q u i t e  a good number of such d ia toms,  s p e c t r o s c o p i c  

i d e n t i f i c a t i o n  couln ,  however, be made so f'ar only  f o r  a few 

o f  them. Fur-cher, s i n c e  t h e  s p e c t r a  of t h e s e  molecules  are 

most l i k e l y  t o  i n v o l v e  h ighe r  m X L t i p l i c i t i e s  o f  e l e c t r o n i c  

s t a t e s ,  s tudy  of  such molecules  i s  q u i t e  u s e f u l  to unders tand  

t h e  complex role of h i g h  m u l t i p l i c i t i e s  i n  molecular  s p e c t r a .  

Kany of these molecules  have been i u e n t i f i e d  i n  s t e l l a r  

a tmospheres  as well and so t h i s  c l a s s  of  molecules  as such 

i s  of g r e a t  i n w r e s t  t o  a s t r o p h y s i c i s t s  too .  
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MONJAZEB AND MOHAN 

I n  ex tens ion  t o  our i n v e s t i g a t i o n s  on the s p e c t r a  

o f  diatomic molecules involving atoms of  the  f i r s t  t r a n s i t i o n  

series , w e  have r e c e n t l y  i d e n t i f i e d  two new diatomic e m i t t e r s  - 
CrS and MnS. Chromium and manganese l i e  as c lose  neighbours 

i n  t h e  f i r s t  t r a n s i t i o n  series o f  t h e  per iodic  tab le  and 

s t r u c t u r a l l y  chromium i s  qui te  i n t e r e s t i n g  i n  t h e  sense t h a t  

i t  has only one unpaired s-electron i n  a d d i t i o n  t o  t h e  

p a r t i a l l y  f i l l e d  d - o r b i t a l ,  as d i s t i n c t  f rom t h e  o t h e r  members 

o f  t h e  seri?s. 

An o u t l i n e  of our f i n d i n g s  on these  molecules i s  

g iven  below. 

--- C r S  (Chromium monosulphide) 

Band spectrum a t t r i b u t e d  t o  the molecule CrS has  

been observed i n  thermal  emission using a King 's  furnace.  

The bands are b e s t  observed by loading t h e  furnace with 

a p p r o p r i a t e  propor t iona l  q u a n t i t i e s  of chromiirm and cadmium 

sulphide  o r  z inc sulphide i n s t e a d  of CrS3 o r  chromim plus  

su lphur .  The above mixture was vaporised i n  t h e  atmosphere 

o f  argon g a s  i n  the furnace a t  a temperature of about 22OOOC. 

Red-degraded bands, charac te r i sed  by well-marked sequences, 
?ix 0 

have been obtained i n  t h e  reg ion  3860 - 4650 A. The main 

band-heads l i e  a t  wavelengths (I) given below. 

393'7.5 ( 4 ,  0) 4015.1 ( 3 ,  0) 4097.6 (2, 0) 4183.4 (I , 0) 
4273-6 (0, 0) 4388.7 ( 0 ,  1) 4508.4 (0, 2) 4633.2 (0 , 3) .  
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TWO NEW DIATOMIC FMITTERS 

The f i g u r e s  i n  t h e  p a r e n t h e s i s  show t h e  v i b r a t i o n a l  

t r a n s i t i o n s  a s s igned .  On d e t a i l e d  v i b r a t i o n a l  a n a l y s i s ,  t h e  

f o l l o w i n g  v i b r a t i o n a l  c o n s t a n t s  have been proposed. 

T, = 234482 cm-l 

The d i s s o c i a t i o n  energy  i s  found t o  be of  t h e  o r d e r  of 

23986 cm-l which i s  about  11 percen t  less  t h a n  t h e  v a l u e  

proposed by J. Drowart ,  A .  P a t t o r e t  and S .  Smoes on t h e  

b a s i s  of  mass-spec t romet r ic  s t u d i e s .  

E@ (Manganese rnonosulphide) 

Band spectrum of t h i s  new molecule  has  a l s o  been 

observed  i n  the rma l  emis s ion  u s i n g  a King' s Furnace. v;hen 

a mixture  contair i ind a p p r o p r i a t e  p r o p o r t i o n s  o f  manganese 

and cadmium su lph ide  o r  z i n c  su lph ide  i s  put i n  t h e  g r a p h i t e  

t u b e  of  t h e  fu rnace  and vapor ized  i n  t h e  atmosphere of argon 

a t  a temperature of about  220OoC, red-degraded bands 

c h a r a c t e r i s e d  by well-marked sequences have been recorded  

i n  t h e  reg ion>l4900-5890 A and ?,),4200 - 4750 A .  The main 

band-heads f o r  bo th  of t h e  s y s t e m s  l i e  a t  wavelengths  ( A )  

0 0 

0 

g i v e n  below. 
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System I - __--- 
4919.8 (4, 0 )  5009.8 (3 ,  0) 5102.9 (2, 0) 5199.8 (1, 0) 

5300.3 ( 0 ,  0 )  5440.9 ( 0 ,  1) 5586.5 ( 0 ,  2) 5739.9 ( 0 ,  3) 

4217.5 (3, 0) 4301.5 ( 2 ,  0) 4388.4 (1, 0) 4479 (0, 0) 

4576.6 ( 0 ,  1) 4679.9 (0, 2). 

The f i g u r e s  i n  t h e  p a r e n t h e s i s  show the  v i b r a t i o n a l  t r a n s i t i o n s  

ass igned .  A f t e r  d e t a i l e d  v i b r a t i o n a l  analyses  t h e  following 

c o n s t a n t s  are proposed f o r  t h e  f i r s t  system 

(,)‘Ie = 490.4 cm-I  ex", = 2.6 cm -1 

dIex 1 = 1.16 cm-I 
T, = 18920.3 cm‘l 

, t~ ’  = 369.2 cm” 

and f o r  t h e  second s y s t e m  ole = 466.0 cm” 

Te = 22332 cm-1. 

d e x k  = 2.0 cm’’ 

B o t h  t h e  s y s t e m s  involve the ground state.  

The d i s s o c i a t i o n  energy of t h i s  molecule i s  found 

t o  be 23124 cm’l which i s  very near  t o  t h e  value r e p o r t e d  

by J. Drowart, A. P a t t o r e t  and S. Smoes through t h e i r  mass- 

spec t romet ic  s t u d i e s .  Deta i led  account of  t h e s e  s p e c t r a  a r e  

being published elsewhere.  
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