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THE GRZEEN BAND SYSTEM UF BaF 

V. S.Kushawaha, B.P. Asthana, R. Shanker, and C.EJ.Pathak 
Department of Physics 
Spectroscopy Sec t ion  

Banaras Hindu Univers i ty  
Varanasi-5 (U.P. j 

I N D I A .  

ABSTRACT 

The emission spectrum of the Green Band System of BaF has been 

photographed on a 35-reet concave g r a t i n g  spectrograph i n  .the second order. 

Some new bands have been observed and analysed. Precise  measurements of the 

bandheads  a r e  used t o  ca l cu la t e  the band-origins which have l e d  t o  the 

detetminat ion of accura te  molecular constants  for t h e  u p p e r c  k y p d  the 

l o w e r x  s t a t e s  of the  molecule. "he cons tan ts  determined are :  
2 

'fhe e lec t ron ic  speabra of the alkaline ea r th  halides have been 

inves t iga ted  by several  workers (1-4). Nine e l ec t ron ic  band aygtem of BaF 

are knwn in the region 9000-3600A, with t he  green  system ly ing  a t  5139- 
0 
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0 

4&2L 

f+ a long sequence. Johnson(5) and Harvey 16) recorded t h i s  system on a 

21-ft. concave g ra t ing  spectrograph i n  the  f i r s t  order. 

the  e l e c t r o n i c  s t a t e s  involved i n  t h e  t r a n s i t l o n  giv€ng rise to  the  

green system a re  'n (upper s t a t e )  and 2E: (lower s t a t e ) .  

investLgat ion was undertaken w i t h  the  hope of reso lv ing  t h e  r o t a t i o n a l  

s t r u c t u r e  of t he  some of tne more in t ense  bands of t h e  green system r i g h t  

upto the  o r i g i n  so that  more accura te  r o t a t i o n a l  cons tan ts  could be 

determined. Although our  attempt t o  reso lve  she ro tac iona  s t r u c t u r e  of t h e  

bands r i g h t  upto the  o r ig in ,  using a 3 5 f t .  concave p,rar;ing spectrograph 

i n  the  second order, f a i l e d ,  it was poss ib l e  f o r  us to measure tne  Ql heads 

of t he  bands w i t h  a b e t t e r  precisLon. Using these  p r e c i s e  va lues  of the  

band heads it became poss ib l e  r'or us t o  eva lua te  the  molecular cons tan ts  

f o r  t he  upper and lower s t a t e s  using a l e a s t  squ.vre i t e r a t i v e  technique 
-1 

These cons tan ts  reproduce the observed frequencies  w e a l  w i t h i n  5 b.2 cm 

and may be regaraed as more accura te  than  the prev ious ly  detormined ones. 

The c h a r a c t e r i s t i c  f e a t u r e  of' t h e  green system i s  t h a t  t he  bands 

According t o  Harvey 

'Ihe presen t  

EXPERLNENTAL 

The emission spectrum of the  green  band system of BaF was exc i t ed  i n  

a D.C. copper arc. The lower e l ec t rode  of the  a r c  was made up of capper 

(diameter 20 mm) and having a c y l i n d r i c a l  c a v i t y  of 1s mm. i n  diameter 

and 10 mm. depth. 

a diameter of about 7 mn. The love r  e l ec t rode  containing t h e  c a v i t y  was 

charged with spectra grade BaFz obtained from the  B r i t i s h  Drug House, 

London, 

spectrogrph i n  the  second order  at  a r ec ip roca l  l i n e a r  d i spe r s ion  of 

0.33 4/mm. us ing  I l f o r d  HP-3 plates. 

were 20 microns and two hours respec t ive ly .  The measurements of the  band 

The upper e l ec t rode  was a l s o  made up of copper and had 

The emission spectrum w a s  recorded on a 35-ft. concave g r a t i n g  

0 !he s l i t  width and exposure times 
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GREEN BANE SYSTEM OF BaF 

heads were made on a Russian made comparator (Yodel No.6ZA-2) using I ron  

l i n e s  a s  reference.  The Ql band heads were measured with a p rec i s ion  of 

- + 0.05 cm-l. The measured wavelengths are l i s t e d  In Table I. 

TABLE I 
0 

Wavelengths i n  ( A ) ,  and the  Vibrat ional  Assipmnent of  t h e  New and 

of the Green System of  BaF 

( 0 , O )  Sequence 

the Known Bands o f  the (0,O) and (0,l) Sequences 

V’,”’) R21-Head Rz-Head RIHead 121- He ad 

Pre s e n t  Ref. Present  Ref. Present Ref. Present  Ref. 
Work (6)  Work (6)  !do r k  (6)  ‘dokk ( 6 )  - 

( 0 , O )  4937.35 4937. k 
38.82 

40.16 

41 42 

42.62 

43* 79 

!$I. 71 

45.54 
46.55 

47.78 

40.80 

49.81 

38.74 

40.06 

41.33 

42.53 
43.60 

44.63 

45.55 
46.34 

47.25 

4950.74 

52.53 

54.28 

55. 07 

57.44 

58.89 

60.29 

61.60 

62.90 

64.08 

66.17 

67.67 

65.19 

68.71 

69.44 

70.03 

70.69 

4950.75 

52-57 

54- 30 

5s- 91 
- 

58.93 

60.33 

61.66 

62.87 

64.05 

65.11 

67-03 

4992.08 

94.94 

97.71 

5000.49 

03.14 

05.71. 

OR.  16 

10.63 

12.89 

15.21 

17.63 

21.52 

25.85 

19-52 

23.90 

27.78 

3-19 

4992.08 5000.08 5000.60 

63.66 

06.61 

09.47 

12.25 

14.96 

17.61 

20.22 

22* 73 

25.20 

27.57 

29.89 

32.16 

34.34 

36.36 

38.59 

40.58 

03-50 

06.56 

09.42 

12.23 

14.92 

17.60 

20.16 

22.71 

25-13 

27.53 

29.86 

32.14 
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KUSHAWAHA ET AL. 

TAELE I (Contd. 

(u Sequence 

- Diffuse - 5102.67 
edge at 
1 9 7 p  4 04.73 
Qn- 9 

minimum 06.58 

08.16 

09.58 

5119- 5% 
21.63 

23.68 

25.57 

27.43 
29.21 

30.89 

32.46 

34.05 

35. !33 

36.85 

38.25 

39.37 

40- 95 

5119 05 

21.20 

23-25 
25.12 

27.17 

29.01 

30.73 

32.38 

33.99 

35.52 

36.94 

38.21 

&VALUATION OF THE MOLECULAR CONSTANTS 

Since the rotational structure of the bands could not be resolved, 

it uaa not possible to measure the origin of the various bands directly.  

Emever, it was recognised that the band origin would l i e  quite close t o  

We 9 head and the posit ion of this origin tor various bands were cal- 

culated as follows: 
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GREEN BAND SYSTEM OF BaF 

Using the  expressions f o r  the r o t a t i o n a l  l i n e s  of' the  Q l  and R1 

branches (7), one r ead i ly  obtains .  

... (1) 
and 

where 

v:B:3'ltands for t h e  band o r i g i n  and t h e  o ther  terms have t h e i r  

usua l  meaning. 

Barrow e t  a 1  (8 )  have repor ted  the  va lue  of B, (=0.2158 cm'') f o r  

t h e  ground s t a t e  of BaF. Using t h i s  value and. t he  experimentally deter-  

mined va)ues of Y C-1- f o r  t h e  (O,O), (O,l), and (1,l) bands, 

Bo, %, and % were ca l cu la t ed ,  which were used t o  ob ta in  the va lues  of 

Be and D(e f o r  the  lower and upper s t a t e s .  Using these  values,$&& 

f o r  var ious  v i b r a t i o n a l  l e v e l s  were determined employiw the  r e l a t i o n :  

cd d', c.4 -'> 

% I I  I I  

I '1 

B,= Be - Ye [v 4 %) ..* ( 3 )  

The o r i g i n  of var ious bands wgs then a a l c u l a t e d  by s u b s t i t u t i w  the  

va lues  of I+, and R, i n  Eq. (2) .  
I I I  

The band o r i g i n s  obtained by t h e  method descr ibed  above were then  

used t o  eva lua te  the  mobcular cons tan ts  f o r  the upper and lower states 

S ta t e s  by an  i t e r a t i v e  technique employin& a l e a s t  square P i t  t o  the  

equation: 

. * *  (4) 
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KUSHAWAHA ET AL. 

Ihe c a l c u l a t i o n s  were c a r r i e d  out  on an I%-70& computer usine; a program 

which provides  a l i n e a r  l e a s t  square f i t  of t h e  band o r i p i n s  by an 

iterative procedure. 

The molecular  cons t an t s  ob ta ined  from oiir c a l c u l a t i o n  a r e  g iven  i n  

Table I1 toge ther  w i t h  t h e  cons t an t s  repor ted  e a r l i e r .  These cons tan ts  

reDroduce the  band o r i g i n s  of the  observed bands w i t h  an average e r r o r  - 

of ( ~ ~ ~ ' v o ' -  ukyp' ) equal  t o  -0.0047 cm-' as  shown i n  Table 111. 

Tho absolu te  va lue  of t h e  average e r r o r  \%& --l)%"!\was found t o  be 
cut d:, 

0.079 cm'l. 

TASLE TI 
2 2 

Molecular Constants f o r  t h e c  &,$x E s t a t e  of BaF 

Present  lnlork From Ref. ( 6 )  
Molecular Constants Ground s t a t e  Exci ted s t a t e  Ground s t a t e  Excited s t a t e  

(cm-1 I ( cm-11 ( cm-1) ( om-1 ) 

we 0 19993.553 0 19998.2 

w e  471.116 458.814 469.1 455.9 

1.845 1.649 1.80 1.65 

-0.01912 -0.02635 - - 
0.000452 0.000726 - 

%Ze 
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GREEN BAND SYSTEM OF BaF 

TABLE 111 

Calculated and Observed Sand-Origins o f  t he  Green SysOem of SaF 

Bands Observed Frequency Calculated Frequency Error 
( cm-1) ( cm-1) ( C d )  

19519.942 
19512.058 

19504.334 
19497.223 
19490.231 

19483.549 
19477.250 
19471.372 

19465.422 

19460.005 

19454- 970 
19450.000 

19445.580 

19987.525 

19975.587 
19963.861 

1992.508 

19520.083 

19511.999 
19504.343 
19497.074 
19490.155 
19483- 561 
19477.269 
19471.265 

19465.540 

19460.093 

19454.929 

19450.059 

19445.500 

19987.448 

19975.516 
19963.917 

19952.623 

19941.609 

19930.858 
19920.360 

19910.111 
19900.113 

19890.376 
19880.916 

19871.754 
19862.920 

19854.448 

-0.141 

0.059 
-0.009 

0.149 
0.076 

-0.012 

-0.019 
0.107 

-0.118 

-0.088 

0.041 

-0.059 

0.080 

0.077 
0.071 

-0.056 

-0.115 

-0.122 

-0.103 

0.105 

-0.151 
-0.058 
-0.060 
0.070 

0.103 
0.016 
-0.071 

413 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



KUSHAWAHA ET AL. 

ACKNOWLEDGMENTS 

The f i n a n c i a l  supoort from t h e  C.S.I.R., India during the  course 

of t h i s  work i s  g r a t e f u l l y  acknowledpd. The authors a r e  also thankful  

t o  Dr. Jagdish Singh f o r  h i s  valuable  suggest ions dur ing  t h i s  work. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

C.M. Olmsted, 2. Wiss. Photogr. 4¶ 255 (1.906). 
S. Datta, Proc. ROY. SOC. B9 436 (1921). 

O.H. Wdtem,  and S. Barrat ,  Proc. Roy. SOC., 118, 120 (1928). 

T.E. Nevin, Proc. Phys. SOC., &, 554 (19311. 

R. C. Johnson, Proc. Xoy. SOC. N, 161 (1929). 
F.A. Jenkins and A. Harvey, Phys., Rev., 922 (1932). 

G, Herzberg, “Spectra of Diatomic Molecules Van Nostrand, 
Princeton, N. J., 1950. 

R.P. Barrow, M.W. Bastin, and B. Lergborough, Proc. Phys. SOC. 

92, 518 (1967). 

Received September 26, 192 

Accepted October 3 ,  1772 

414 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


