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W E  c27T AND THE X 2 e  STATES OF Bap 

V.S. Kushawaha 
Department of  Physics 

Banaras Hindu Unive mi ty 
Varanasi-221005 

I N D I A  

ABSTRACT 

An extenaive ca l cu la t ion  was ca r r i ed  out us ing  the 

prec ise ly  measured va lue  o f  t he  Q-band heads and the  fol lowing 

molecular cons tan ts  for the C 77- and t h e  X Z s t a t e s ,  which 

are responsib1.e fo r  the 

determined. 

C ons t an  t s Upper S t a t e  C 77 

2 2 
Q 

Green Band System of BaF,were 

2 Lower state X * 2 
a 

19993.71 9 

457.913 

1.559 

- 0.03689 

+ 0.00116 

0.2136 

0.001 2 

2.1744 

131.033 x 

0 

470.072 

1.717 

- 0-03297 

+O. 009357 

0.2164 

0.0012 

2.1601 

129.314 x low4' 

* -1 All the  con i~ tan t s  are i n  cm 

a r e  i n  A,  and gm cm2 respec t ive ly .  

except  re and I,, which 
0 
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KUSHAWAHA 

INTRODUCTI iBJ 

In the e a r l i e r  communi cation (1 ) , we have reported the 

vibrat ional  constante & , me , @& d ~ @ a n d  c+B for the  
2 upper ( C h f r ,  and the lower (X L ) states involved i n  the t rans i -  

t ion  responsible f o r  the  green band-system of BaF, using t h e  

precisely measured value o f  the  Q,-band heads photographed i n  

the  second-order o f  a 35-ft. concave gra t ing  spectrograph. 

Jenkins e t  a1.(2) have shown tha t  the s t a t e  77+ s p l i t 8  i n t o  two 

components 77j,, a n d  7T with a separation of -200 mu’ and 

Mulliken ( 3 )  has ahown tha t  

given by Beff = Bv ( 1 5 dB ) where I is the spin-orbit coupling 

constant and A is  a quantum number associated with the component 

of the e lec t ronic  angular momentum along the in temuclear  axis.  

when we were calculat ing the molecular constanta, we used B; and 

B; f o r  determining t h e  band-origin f o r  various bands and then 

these band or igin were used t o  derive the molecular constants f o r  

the upper and the lower s ta tes .  But we ignored t h e  s p l i t t i n g  

conatant ( -200 cm”) i n  the calculat ion,  which contributes 

substant ia l ly  t o  the values of B’, and thus t o  the  molecular 

constants . 

2 

2 2 * 
f o r  a doublet state  the Bv value is 

%f 

I n  the present communication we report  a new s e t  o f  

molecular constants for the upperand  the  lower atateS. 

constants have been derived using the modified values of the  

band-origins i n  a l e a s t  square i t e r a t i v e  technique. 

Theae 

DETiiRMINATION OF THE: YOLECULAk CONSTANTS: 

As it  is already s t a t e d  ( 1 )  t h a t  our best attempt t o  
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C211 AND X2Z STATES OF BaF 

resolve the bands right upto the origitl wag unauccesaful and 

therefore, i t  m s  not possible t o  measure the band-origins 

experimentally. However, i t  was recognized t h a t  t h e  band or igins  

l i e  very close t o  the 

were then calcula.ted using, the following expressions f o r  the'Rl 

and 91- branohes (4) .  

6'1-band-head. The poetion of these or igins  

where Beff Bv L - BY ... (lli) 
AA 

Now i t  is reported by Barrow e t  al .(5) t h a t  f o r  the ground 
1 s t a t e  of BaF, 60- 002158 mu . Using t h i s  value and the 

the  (O,O), (0.1) and ( 1 , l )  bands, B;, B; and Bf 

t o  be 0.2181 ca- , 0.2119 a", and 0.2146 em-' respectively. 

were calculated 
'I 

These constants were then used t o  d e h m i n e  the valuee o f  Be and k 

for the upper and the lower s t a t e s  emplaging the following relation8 

Bv = B e < -  ( V + $ )  ... ( i v )  

The values a re  I 

B; = 0,,2136 cm" ? A' = 0.0072 cm-' 

Bg = 0.,2146 cm" 9 = 0.0012 cm- 1 
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KUSHAWAHA 

These values were then used t o  calculate B; and BG f o r  various 

vibrat ional  l e v e l s  and a r e  given i n  Table I. 

It will be noted t h a t  the  BIff appearing i n  equations (1 & 2 )  

component, since we could observe (1)  banda 2 i s  associated with C 77 
2 2 belonging t o  C ?7 - X Z system only. Using therefore,  the  

-ve sign and pu t t ing  A = 200 cm 

(iii), the values of BAff were calculated f o r  d i f fe ren t  vibra- 

t iona l  l e v e l s  and are  given i n  Table I. The origin of a l l  the  

bands o f  the n v  = 0 and Av = - 1 sequences were then cal- 

culated by subs t i tu t ing  the  values of B;ff and B" i n  equation 

(1  & 2 )  and these values a re  given i n  Wble 11. 

origins  have been determined from di rec t ly  measured data  f o r  

Q, - band heads,these 

"experimentally determined band-origins" here a f t e r .  These band- 

or igins  were then used t o  evaluate the molecular Constants 

employing a l e a s t  square f i t  t o  the equation t 

9 

-1 
8 

( 2 )  and A = 1 i n  the equation 

V 

Since the  band 

band-origins w i l l  be referred as the 

where a l l  the symbols have t h e i r  usual meaning. The calculat ions 

were car r ied  out on an IBM-7044 computer using a program which 

provides a l inear least square f i t  o f  the band-origins by an 

i t e r a t i v e  procedure. 

Calculation of re and I e f o r  the Upper and the Lower States3 

The molecular constant Be I s  re la ted  t o  the internuclear  

distance Ye by the following r e l a t i o n  : 

6 36 
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C2K AND X2E STATES OF BaF 

... ( v l )  

S u b s t i t u t i n g  the va lues  of B', and 

equat ion ( v l ) ,  one r ead i ly  obta ins  Y ~ L  2.1744 A'. Likewise, 

y; is found t o  be 2.1601 do. 

Pup ( P 16.6953 a.m.u.) i n  the 

I t  w i l l  be noted tbat , as expeotad, 

the  above value of $ i s  sma l l e r  than Y: ( s 2.163 A') reported 

by Barrow f i .&.( ,4)  f o r  the  ground s t a t e  o f  BaP. The moment of 

i n e r t i a  1, can e a s i l y  be ca l cu la t ed  by the following r e l a t i o n  : 

2 I, P Pr4.G ... ( v i i )  

The va lues  of I; and I: were found t o  be 131.033 x 1040 and 

129.314 x loe4' gm cm 2 respec t ive ly .  

RESULTS AND DIS-CUSSION 

The v i b r a t i o n a l  and t h e  r o t a t i o n a l  cons tan ts  are reported 

i n  Table 111, alongwith t h e  Constants repor ted  e a r l i e r  f o r  the 

sake o f  comparison. The s e t  of molecular cons tan ts  determined 

in t h i s  work reproduce the observed band-origins with an average 

e r r o r  of ( (V '* 'yn )  - (v ' 'v")  ) equal t o  + 0.003 cm'l and the 
Uobs vcol 4 

average value o f  absolu te  e r r o r  equal t o  0.093 cm-,' a8 shown in 

Table 11. 

The magnitude of  we* and o, ze reported i n  Table I11 for 

the  upper and the lower e l e c t r o n i c  states are q u i t e  s m a l l  and one 

couad argue whether t hese  constants  a r e  o f  any s ign i f i cance .  

I n  order  t o  test ,  t h e  accuracy of these constants, t h e  following 

ca l cu la t ions  were done ; 
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KUSHAWAHA 

The values of and ukxe for t h e  upper and the lower 

s t a t e s  were used ( l iv ing  aside weye end we& ) i n  the quation (v) 

t o  calculate  the band-origins of the v a r l a r s  bands and the r e a u l t s  

a r e  shown i n  Table XV. One can eas i ly  8ee t h a t  t h e  values o f  

( Uobs." cal .  
v ibrat ional  quanta but assume unreasonably l a r g e  -1tudas for 

bands involving higher vibrat ional  quanta. 

precis ion o f  meamansment reported by Xushawaha e t  al. (l), t h e  

magnitude of ( 

v* and v*, seems unreasonable. The average value of the e r r o r s  

0 .Uo ) is r e l a t i v e l y  mal l  for bands i n v o l d n g  lower 

In  View of the  

- gl. ) for ban& involving higher Values of  

) and I( gs*= )J turns out t o  be + 0.791 and ( ?Job*. - %1. 
2.097 cm-l respectively,  which ia much l a r g e r  than t h e  ones 

reported i n  Table 11. It can therefore, be concluded t h a t  the 

s e t  of molecular constants reported in Table I11 are more accurate 

and t h a t  the  constants -#and *lo a r e  r e a l l y  qui te  s ignif ioaat .  

It  all be noted that t h e  calculat ions o f  the molecular 

constants reported i n  this work primarily depend upon the  deter- 

mination of Bv value f o r  the  various vibrat ional  leve ls .  The 

precis ion o f  measurement claimed by Kuhwaha e t  al. (1  ) is 

- + 0.05 cm-'. Thus one can expect a maximum e r r o r  o f  0.10 an-' 

i n  the measurement of EllHead (v' ,v" 1 - QIHead (v:v" 1 . This  e r r o r  produces 

a very ins igni f icant  change in the calculated values of 

For example, subs t i tu t ing  t h e  values o f  34.360 and 34.460 cm- 
(v '  v") 

f o r  the R I H d d  '1Head 

the value of  BA as 0.21312 and 0.21313 cm" respectively.  

& . 
1 

(v',v") f o r  the ( 0 , O )  band, one obtains 

According t o  Pekeris (6), i f  an  electronic state fol lows 
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C'JI AND X'C STATES OF BaF 

t h e  Morse P o t e n t i a l  Function, t he  value o f  .lea for t h e  state i s  

... ( v i i i )  

Subs t i t u t ing  t h e  va lues  o f  we , and f3e i n  t h e  above 

equat ion for t h e  '$7 (upper) and 'E (ground) s t a t e s  repor ted  

i n  t h i s  work, one obta ins  the  fol lowing values f o r  .& and Ad' , 
* 

A' ( zV~)= 0.001 15 cm-' 

1 i(22 )= 0.00116 om- 

2 
and 

The values  can be compared with those reported i n  Table €11, 

which have been detenuined r a t h e r  experimentally ( 4' = 0.0012 cm- 

an& 

i t  can be i n f e r r e d  t h a t  t h e  upper  e l ec t ron ic  s t a t e  C 77 as w e l l  

as the lower state X Z: fol low t h e  Morse P o t e n t i a l  Function. 

1 

xd' I 0.0012 cm''). Since t h e  above values  match very wel l ,  
2 
9 2 
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KLTSHAWAHA 

TABLE-I 

2 R o t a t i o n a l  constant Bv f o r  the upper (C  ) and the  Lower * 2 X .E States of the Green Band System o f  BaF 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1 4  

15 
16 

0.2131 

0.2119 

0.21 07 

0.2095 

0.2083 

0.2071 

0.2059 

0.2047 

0.a335 

0.2023 

0.2011 

0.1999 

0.1 987 

0.1975 

0.1963 

- 
I 

0.21 287 

0.21167 

0.21 048 

0.20928 

0.2oeo8 

0.20688 

0.20568 

0.20449 

0.20329 

0.20209 

0.20089 

0.19970 

0.19850 

0.19730 

0.19610 

- 

o.215e 

0.2146 

0.21 34 

0.2122 

0.21 10 

0.2098 

0.2086 

0.2074 

0.2062 

0.2050 

0.2038 

0.2026 

0.2014 

0.2002 

0.1990 

o . w e  
0.1966 
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C 2 ,  AND X2Z STATES OF BaF 

TABLE-I1 

Observed and calculated band-origins o f  the C 2 77 X 2 Z Band-System a- 
of BaF Using &, 04 , we%, C+#Q , and UeZe from the present work. 

Observed C a1 cul a t  ed u 
oba. -%l. 

(V',V') Frequenciea Frewenci ea 
( cm-1 ) Cm'l) ( cm-1 ) 

19520.92 

1 951 3.03 

19505.30 

19498.17 

19491.17 

19484.48 

19478.17 

19472.28 

19466.32 

1 9460.89 

19455.84 

1 9450.8 6 

19446.43 

19442.31 

19987.85 

19975.91 

19964.18) 

19952.82 

19941.79 

19931.06 

19920.77 

19910.26 

19900.35 

1 952 1 1 4 

19512.99 

19505.28 

19497.97 

19491.04 

1 9484.44 

19478.16 

19472.17 

19466.47 

19461.03 

19455.85 

19450.94 

19446.28 

1 9442.32 

1 9987.68 

19975.82 

19964.26 

19952.96 

19941 0 93 

19931.15 

1 9920.62 

19910.35 

19900.34 

641 

-0.22 

+O. 04 

+0002 

+o. 20 

+0.13 

+O. 04 

+o. 01 

+0.11 

-0.15 

-0.14 

-0.01 

-0.08 

+0.15 

-0.01 

+0.17 

+o. 09 

-0.08 

-0.14 

-0.14 

-0*09 

+O. 15 

-0.09 

+o. 01 
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KUSHAWAHA 

IIABI,F,-II (Contd. ) 

19890.61 

1988l. 16 

19872.02 

1ge63.22 

19854.77 

+O. 00 

M . 1 1  

+o. 12 

+o. 00 

-0.11 

a )=+0.003 ( ?be. - -1. 
Average Error:  

I (  - z)cal)b 0.093 

urn-I11 

2 2 
Molecular constants for the C 77 an& X ,E s ta tes  o f  BaF * 

Present Work From R e f .  ( 1  ) Molecul a?,, 
Constant8 Ground State Excited State Ground State Excited State 

( cm-' ) ( ) (m-' 1 

ue 0 19993.71 9 0 1 9993.553 

we 470.072 457.913 471.116 45e. 314 

1.717 1.559 1'.845 1.6'49 We X e  

W e  80 - 0.03297 - '0.03689 - 0.01912 - 0.02635 

WQ Ze + 0.009357 + 0.001116 + 0.000452 + 0.000726 

8 e  0.2164 0.2136 - - 
lp 0.0012 0.001 2 - - 
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C2n AND X2.T STATES OF BaF 

TABLE III (cont’d) 

6 2.1601 2.1744 - - 
I e  129.31 4x10 1 3 1 . 0 3 3 ~ 1 0 ~ ~  c - 

* All the constants are i n  om-’ except YP and I,, which are 

i n  A’ and gm cm2 renpeotively. 

TABLZ-IV 
2 Observed and Calculated Band Origins o f  the C 7~ -X%Band- i! 

Observed Calculated 
Frequencies Fre quencie 3 

System o f  BaP Using u p ,  w, from t h i s  work. - 
Uobs - Ucal ( V ’  , V“ 1 

(crn” ) ( cm’l) ( a - ’  1 
(0 ,1)  19520.92 1 9521.05 -0.13 

(1,2) 1951 3.03 19512.63 +O. 40 

( 2 9 3 )  19505.29 19504.54 x). 75 

(3 ,4)  19498.17 19496.70 +O. 70 

(4,5). 19491.17 19489.30 +O * 87 

(596) 19484.47 19482.16 +2.31 

( 6 , 7 )  19478.17 19475.33 +2.84 

(7,8) 19472.28 19468.81 +3.47 

(8 ,9 )  19466.32 19462.62 +3.70 

(9, lO) 19460, eg 19456.74 +4.15 

(1011 1 )  19455.84 19451.17 +4.67 

(11,121 19450.86~1 3 9445.92 +4.94 

(12,131 19446.43 9440.99 +5 * 44 

(13,141 1 9442.31 49436.37 +5.94 
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TA13LB-IV (Contd. ) 

1 9987 . 85 igge7.68 

19975.91 19975.83 

19964.18 15964.31 

19952.82 

19941.79 

19931.06 

19920.77 

19910.26 

19953.10 

19942.20 

19931.62 

19921.36 

1991 1.41 

4.17 

+o. oe 
-0.13 

-0.28 

-0.41 

=Qe 56 

-0.59 

-1.15 

19900.35 19901.78 -1.43 

lgego.61 1 9892.47 -1.86 

19881 27 i5ee3.47 -2.20 

1 9872.1 4 

19863.22 

1 ge 54.66 

19e74.78 -2.64 

19866.42 -3. 20 

19858.37 -3.71 
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