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PRECISE VIBRATIONAL ANALYSIS OF B-X SYSTEM OF B i I  

Onkar N.Singh*, B.P.Asthana and O.N.Singh** 
Spectroscopy Laboratory,Department of Phys ics  

Banaras Hindu U n i v e r s i t y  
Varanasi  221005 (INDIA) 

ABSTRACT 

The bands of  t h e  B-X system o f  B i I  have been photo- 
graphed i n  t h e  second o r d e r  o f  a 35 f t  concave g r a t i n g  
spec t rograph  (wi th  a d i s p e r s i o n  o f  0.33 P/mm and r e s o l u t i o n  
2 X 180,000). A p r e c i s e  v i b r a t i o n a l  a n a l y s i s  of t h i s  
system h a s  been c a r r i e d  out  and t h e  v i b r a t i o n a l  c o n s t a n t s  

e v a l u a t e d  f o r  t h e  f i r s t  time. 
Weye and Ode f o r  t h e  upper and lower s ta tes  have been 

INTRODUCT I0 N 

The e l e c t r o n i c  s p e c t r a  of bismuth h a l i d e s  have been t h e  

s u b j e c t  of numerous i n v e s t i g a t i o n s  by v a r i o u s  workers1-=. 

survey of t h e  e x i s t i n g  l i t e r a t u r e  on  t h e  s p e c t r a  o f  d i a t o m i c  bismuth 

h a l i d e s  shows t h a t  our knowledge r e g a r d i n g  t h e  s p e c t r a  of B i I  mole- 

c u l e  i s  meagre. Four e l e c t r o n i c  band systems i n  t h e  v i s i b l e  r e g i o n  

(4000-6000 i) and one e l e c t r o n i c  band system i n  u l t r a v i o l e t  r e g i o n  

(2300-2600 Z) of B i I  a r e  knawn with t h e  B-X system l y i n g  i n  t h e  

* C.S.I.R. ( I n d i a )  Fellow. 

**Present Address: F O M  I n s t i t u t e  for  Atomic and Molecular P h y s i c s ,  

A 
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SINGH, AS'I"A, AND SINGH 

region 4150-4350 i. 
spec t ra  of B i I  by passing l i g h t  from a 500 watt incandescent lamp 

through t h e  graphi te  tube  containing bismuth and iod ine  a t  600-700 C. 

He observed some bands i n  the  region 4150-4350 which he a t t r i b u t e d  

t o  t h e  B-X system. 

t h e  bands of B-X system i n  emission and a l so  reported some weak 

bands of another system i n  t h e  reg ion  5650-5900 i. He analysed 

these  new bands (5650-5900 i) and found t h a t  t he  v i b r a t i o n a l  freque- 

nc i e s  of t h e  upper and lower s t a t e s  a re  nearly t h e  same a s  compared 

with the  frequencies of t he  upper and lower s t a t e s  of B-X system. 

However, he a t t r i b u t e d  these  t o  A X  system considering t h e  ground 

s t a t e  t o  be common and t h e  upper s t a t e  t o  be a new s t a t e  'A'.SinghL8 

cont rad ic ted  t h i s  suggestion and a t t r i b u t e d  these  bands t o  a new 

system B-a. His main argument i s  t h a t  these  bands could not be 

obtained in absorption and hence t h e  ground s t a t e  i s  not involved 

i n  t h i s  t r a n s i t i o n .  Fur ther ,  t h e  closeness of t h e  v i b r a t i o n a l  

frequency of t he  upper s t a t e  of t hese  two systems (B-X and B-a) a l s o  

supports h i s  assignment. Joshi' photographed a group of B i I  bands 

i n  absorption i n  the  u l t r a v i o l e t  region (2300-2600 1) and assigned 

these  bands t o  t h r e e  d i f f e r e n t  systems. The bands of only one 

system were completely analysed and designated t o  t h e  C-X system. 

Recently Yamdagni'' has  got t h e  absorption bands of B i I  i n  t h e  

reg ion  4650-5300 by placing so l id  bismuth t r i - i o d i d e  in s ide  t h e  

15 cm. graphi te  tube  i n  a furnace with t h e  optimum conditions of 

temperature a b u t  ~ O O O ~ C  i n  presence of ni t rogen  (pressure  of SO cm. 

of Hg).  

mo l e  cule . 

Morgan' was the f i r s t  t o  study t h e  absorption 

0 

7 Rao using a high frequency discharge obtained 

He assigned these  bands t o  A X  and A'-X systems of B I I  

So far a s  the  high r e so lu t ion  study of bismuth h a l i d e s  i s  

concerned, i t  i s  confined mainly t o  B i F  (20-25) and B i C l  (26-31). 
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B-X SYSTEM OF BiI 

F u r t h e r ,  S r e e n i v a s a  Nurty and Rao= have r e p o r t e d  t h e  r o t a t i o n a l  

analYSiS of ( 7 ,  01, ( 7 ,  4) and (1, 4) bands of A-X system of B i B r  

by photographing t h e  bands i n  t h e  f i r s t  o rder  of a 21  f t .  concave 

g r a t i n g  spec t rograph  ( d i s p e r s i o n  1.25 h m )  and have r e p o r t e d  t h e  

r o t a t i o n a l  cons tan ts .  S i n c e  none of t h e  B i I  band systems h a s  so 

f a r  been o b t a i n e d  on h igh  r e s o l u t i o n  and d i s p e r s i o n  i n s t r u m e n t s ,  

it was cons idered  worthwhile t o  r e c o r d  t h e  v i s i b l e  (B-X) bands of 

B i I  on  a better r e s o l u t i o n  and d i s p e r s i o n  instrument  and t o  propose 

t h e  f i n e  s t r u c t u r e  a n a l y s i s .  The bands have been photographed i n  

emiss ion  i n  t h e  second o r d e r  of a 35 f t .  concave g r a t i n g  spec t rograph  

We had o r i g i n a l l y  in tended  t o  perform t h e  r o t a t i o n a l  a n a l y s i s  of 

t h i s  band system but even i n  second o r d e r  of o w  g r a t i n g  s p e c t r o -  

graph, t h e  r o t a t i o n a l  s t r u c t u r e  was not  r e s o l v e d .  We f a i l e d  t o  

r e c o r d  t h e s e  bands i n  h i g h e r  o r d e r s  because t h e  g r a t i n g  i s  blazed 

f o r  7500 A i n  f i r s t  o r d e r  and hence f o r  r e c o r d i n g  t h e s e  bands i n  

t h i r d  o r d e r ,  one needs v e r y  s t r o n g  source. S i n c e  i t  was not p o s s i b l e  

t o  propose a r o t a t i o n a l  a n a l y s i s ,  w e  contended o u r s e l v e s  w i t h  a 

more a c c u r a t e  measurements of the  band heads  and more a c c u r a t e  

d e t e r m i n a t i o n  of v i b r a t i o n a l  cons tan t  S. 

EXPERIMENTAL 

A convent iona l  l l - t y p e  d i s c h a r g e  t u b e  o f  pyrex g l a s s  was 

f i t t e d  wi th  c y l i n d r i c a l  n i c k e l  e l e c t r o d e s  was used t o  o b t a i n  t h e  

spectrum. The narrow p a r t  i n  t h e  middle  of t h e  d i s c h a r g e  t u b e  

was 12 mm. i n  diameter  and 1.50 mm. i n  l e n g t h ,  whereas t h e  ends 

were of l a r g e r  diameter (25 mm.) .  Bismuth t r i - i o d i d e  ( p u r i t y  - 
99.9%) o b t a i n e d  from E.Herck (Germany) was spread i n  t h e  middle  

of  t h e  d i s c h a r g e  t u b e  and was h e a t e d  from below by a n  e l e c t r i c  
h e a t e r .  The d i s c h a r g e  t u b e  was cont inuous ly  evacuated from t h e  

rear end (away from t h e  s l i t )  by a Cenco. Hyvac. pump. The B-X 
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SINGH, ASTHANA, AND SINGH 

bands of B I I  have been developed i n  an uncondensed transformer 

discharge by using an 1 KW power transformer.  To avoid depos i t ion  

of bismuth iod ide  powder on the  window fac ing  t h e  spectrograph, 

t h e  f ron t  end of t h e  tube was made considerably longer (,= 150 mm.) . 
Fur ther ,  a piece of aotton soaked i n  water was wrapped around t h e  

tube a t  a d i s tance  of 50 mm. from t h e  f r o n t  window so t h a t  t h e  

vapour could condense a t  t h i s  cooler spot r a t h e r  t han  ge t t i ng  depo- 

s i t e d  on t h e  window. 

The emission spectrum was recorded i n  t h e  second order of 

t h e  35 f t .  concave g ra t ing  spectrograph (30,000 l lnes / inch ,  ru l ed  

a rea  6", blazed fo r  7500 In t h e  f i r s t  o rder )  with a r ec ip roca l  

d i spers ion  of 0.33 h u m .  

s l i t -wid th  of 25 microns was found s u i t a b l e  t o  photograph t h e  bands 

on I l f o r d  HP3 pla tes .  I ron  l i n e s  were superposed for  secondary 

standard. Wavelengths of i r o n  l i n e s  were taken  from M.I.T. wave- 

length table33. The measurements of t h e  band-heads were made on 

a Russian comparator, Model $28-2. Accuracy of t h e  measurements 

is estimated t o  be 2 0.05 cm". Wavelength of t h e  band heads have 

been converted i n t o  vacuum wavenumbers from t h e  National Bureau of 

Standards Wavenumber t a b l e s  compiled by Coleman e t  al.  . 

Exposure time of 8 hours dura t ion  with a 

34 

STUDY OF THE SPECTROGRAM 

The spectrogram showing a l a rge  number of i n t ense  and we l l  

developed emission bands obtained on a 35 f t .  concave g ra t ing  

spectrograph i s  reproduced in Fig.1. The bands a r e  s ing le  headed 

and degraded towards longer wavelength side. A few band heads 

(3 ,  11, (1, 0 ) , ( 3 ,  3) ,  (2 ,  2) which were superposed by atomic l i n e s  

on t h e  p l a t e s  of lower d ispers ion  instruments,  a re  c l e a r l y  resolved 

and well  separated from t h e  atomic l i nes .  The band heads of the  

( 4 , l )  , (4 ,2 ) ,  (4,3) and (4,4) bands a re  accompanied by atomic l i n e s  
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Figure 1. The B-X system of B i I .  
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SINGH, ASTHANA, AND SINGH 

(very  close t o  heads) towards the  longer wavelength s ide  and give 

t h e  impression t h a t  these  bands a re  double headed. However, a 

ca re fu l  observa t ion  of t h e  p l a t e  r evea l s  tha t  it i s  not so. 

The prec ise ly  measured band heads with estimated i n t e n s i t i e s  

and the  v ib ra t iona l  assignments a re  l i s t e d  i n  Table 1. 

RESULTS AND DISCUSSION 

A l l  t he  bands of t h e  B-X system of BiI reported i n  the 
5 7 1  emission and absorption spec t r a  by earlier workers , have 

been recorded and measured aacursltely i n  the  present case. A 

v i b r a t i o n a l  ana lys i s  has  been ca r r i ed  out whioh confirms t h e  

grevious v i b r a t i o n a l  assignments. The Deslarndres scheme i s  given 

i n  Table 2 .  I n  Table 3 t h e  measurements of t h e  band heads 

reported by e a r l i e r  workers and those  obtained i n  t h e  present 

work a re  l i s t e d  for comparison. The prec ise  v i b r a t i o n a l  consta- 

n t s  for  t h e  upper and lower s t a t e s  have been evaluated and along- 

wi th  t he  v i b r a t i o n a l  cons tan ts  obtained e a r l i e r  a re  co l l ec t ed  i n  

Table 4. A l l  t h e  band heads a re  very well  represented by t h e  

following equation (shown i n  Table 1) 

IJ = 23zm.064 + 198.087 P I +  1/21 - 1.444 PI+ 1/212 

+ 0.092 (*'+1/2)3 - 0.015 (*'+ l m 4  

- 163.876 ( V" + 1/2) - 0.280 ( W'' + 1/2) - 0.005( V"+1/2) 

I t  i s  found t h a t  t he  v i b r a t i o n a l  cons tan ts  obtained i n  the 

present case fo r  t he  ground s t a t e  a re  almost t h e  same a s  repor ted  

e a r l i e r  but there  is a s ign i f i can t  d i f fe rence  i n  t h e  cons tan ts  of 

t h e  upper s t a t e .  Fur ther ,  t he  precise measurements of t hese  wel l  

resolved band heads have been compared with the  e a r l i e r  d a t a  shown 

i n  Table 3. I t  has  been found t h a t  i n  most of t h e  cases d i f f e rence  

i s  a t  f i r s t  place of decimal but i n  few cases it i s  qu i t e  apprecia- 

b le  (e.g. in 4 , l  band t h e  d i f fe rence  i s  over 1 cm.-' and i n  3,O band 
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B-X SYSTEM OF BII 

Table 1 

Band-head Data of B-X System of B i I  

I n t e n s i t y  X P )  lJvac. (cm'') Calcula ted  Observed v', u" 
yvca. (cm'') Calcula ted  

8 

8 

8 

7 

6 

10 

9 

8 

7 

4 

8 

7 

6 

4 

4 

3 

2 

1 

1 

430 1.260 

4295.188 

4289.497 

4284.216 

4279.410 

4271.227 

4265.369 

4259.882 

4254.787 

4250.167 

4235.887 

4230.562 

422 5.6 41 

4221.205 

4201.529 

4196.777 

4192.510 

4168.190 

4164.263 

23242.46 

275.32 

306.20 

334.93 

361.16 

405.89 

428.03 

468.22 

496 32 

521.86 

601.16 

630.87 

658.39 

683.25 

794.16 

821.10 

845.34 

984.47 

24008.09 

23242.59 

275.31 

306.16 

334.98 

361.22 

405.89 

438.01 

468.22 

496.37 

521.93 

601.31 

630.92 

658.43 

483.32 

794.22 

8210 13 

845.38 

984.43 

24008.08 

- 0.13 
0.01 

0.04 

- 0.05 
- 0.06 
0.00 

0.02 

.o*co 
- 0.05 
- 0.07 
- 0.15 
- 0.05 
- 0.c4 

- 0.07 
- OeC6 
- 0.03 
- 0.C4 

0.C4 

0.01 

it i s  = 7 cm.-5. 

The v i b r a t i o n a l  cons tan ts  aek and for t h e  upper and 

lower s t a t e s  have been evaluated for t h e  first time and it has been 

found t h a t  t h e  cont r ibu t ion  of t hese  cons tan ts  a r e  s i g n i f i c a n t  fo r  
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B-X SYSTEM OF B I I  

u 
Band-head Positions of B-X Bands by Different Workers 

v i n  an-’ w; V‘’ 
Mor gan5 Sing318 Present Work 

23242.5 

275.5 

308.5 

335.2 

361.5 

406.1 

438.3 

468.5 

496.6 

522.3 

601.3 

631.1 

658.8 

683.9 

821.6 

794.5 

845.8 

- 
24008.2 

23242.3 

274.7 

306.2 

333.2 

360.7 

405.5 

437.9 

467.6 

496.3 

521.1 

600 a6 

630.7 

658.1 

683.3 

793.8 

820.4 

844.8 

977.5 

24006.9 

23242.46 

275.32 

306.20 

334.93 

381.16 

405.89 

438.03 

468.22 

496.32 

521.86 

601.16 

630.87 

658.3 

683.25 

794.16 

821.10 

845.34 

984.47 

24008.09 

the vibrational term values of the upper s ta te  whereas t h e i r  contri- 

bution t o  the ground s ta te  vibrational energy terms is negl ig ib le .  
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T a b l e  4 

Molecular  C o n s t a n t s  i n  t h e  X and B S t a t e s  B I I  

X S t a t e  B S t a t e  

= 163.876 cm'l We = 198.087 cm" L3e 
( 163.9) 

WeXe = 0.280 cm-I 
(0.31) 

o e Y e  = 4.005 cm'l 

OeZe * 0 

(198.6) 

I 23389.064 cm'l 
( 23388.9) 

~~ ~ ~~~ ~ 

The v a l u e s  g iven  i n  p a r e n t h e s i s  a r e  by ear l ier  workers. 
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