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A NEW RELATION FREE FROM ELECTRONEGATIVITY FOR 

VIBRATIONAL CONSTANT OF D I A T O M I C  MOLECULES 

S.S.L.SURANA and P.C.MEHTA* 
Department of Physics, University of Jodhpur, Jodhpur, India. 

Most of the previous r e l a t i ~ n s l - ~  f o r  t h e  ca l cu la t ion  

of v ibra t iona l  constant of diatomic molecules a re  electronega- 

t i v i t y  dependent. E lec t ronegat iv i ty  (X) i s  a complex quant i ty  

containing an atomic term depending on the charge and hybridi-  

zat ion of  t h e  atom, and a molecular term depending on the length  

and the nature of t h e  b n d s  i n  the molecule and as such it i s  

not as prec ise  a s  the  bond length  re o r  the reduced mass p 
of the  molecule. Thus the formule dependent o n  the  electronega- 

t i v i t y  a r e  expected t o  y i e ld  divergent r e su l t s .  Though the re  is 

a r e l a t i o n  given by Varshni and GuggenheimeP which i s  f r e e  from 

e lec t ronegat iv i ty  but the drawback i s  t h a t  i t  depends on too 

many quan t i t i e s  and a l s o  contains two empirical  constants.  

Therefore it was thought t o  propose a new r e l a t i o n  f r e e  from 

e lec t ronegat iv i ty ,  containing a s ing le  constant A ,  depending 

only on re and p. 

* Present address: Instrument Research and Development 
Zstablishment, Dehra Dun, India. 
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The proposed r e l a t i o n  i s  

A . . . (1) 
whereas t h e  previous r e l a t i o n  of Varshni and Guggenheimer4 i s  

3 and t h a t  of Tandon e t  a1 and Hussain1s2 a re  

2 log  we = m log X/p + C 
and 

. . (2)  

. . . (3) 

respect ively.  a ,  b, m, c ,  q ,  and, p a r e  empirical  constants  

t o  be determined by the  experimental observations. 

As a t e s t  case of the  proposed r e l a t ion ,  computations 

have been ca r r i ed  out i n  the  case of twenty diatomic ha l ides  

of  atoms o f  I I I b  group. The results have been compared with 

those derived f r o m  eqns. (3) and (4). The r e s u l t s  have been 

co l lec ted  i n  Table 1. 

For the  ca lcu la t ion  of the  constant A ,  the  We values 

of  GaF, InF, and T l B r  were not considered t o  make a f a i r  

comparison with e a r l i e r  reported values2' 3. The present  formula 

y i e lds  We values f o r  these  molecules to be 635.4, 545.0, and 

192.4 cm" respec t ive ly ,  which are qu i t e  agreeable t o  t h e  

experimentally reported values 623.2, 534.7, and 192.1 cm" 

respect ively.  However, Tandon e t  a1 and Hussain predicted 

We values f o r  these  molecules to  be 644.6, 561.3, and 

182.7 cm-l; and 695.4, 598.9, and 165.9 cm-l respect ively,  

which a r e  much divergent from the  experimental values. w e  

3 2 
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VIBRATIONAL CONS!U" OF DIATOMIC MOLECULES 

TABLE 1* 

Molecule r,(Ao) p(aomou.) we (crn-l) 

Observed Calculated 
ZH TMP P 

BF 

BC1 

BBr 

BI 

A 1 F  

A 1  C 1  

A l B r  

AlI 

OaF 

GaCl 

GaBr 

OaI 

InF 

I nC1 

InBr 

InI 

T1F 

T 1  C1 

TlBr 

TI1 

1.262 

1.716 

1.880 

2 0 110 

1.654 

20130 

2.295 

20 530 

1.775 

20202 

20352 

20575 

10 985 

2.401 

2.543 

2.754 

20 123 

20485 

2.618 

2. a14 

609724 

80 3758 

9.6644 

9 9610 

110 1520 

15 2350 

20.1129 

22 0 2578 

14.9102 

2302069 

37 2320 

44 6820 

16.3020 

26.8179 

47.4920 

60 3200 

17 3880 

29 8690 

57 0 9790 

78 0 3120 

1400 6 

83901 

684.3 

- 
801.9 

481.3 

378 0 

316.1 

623.2 

365 * 0 

263 0 0 

216.4 

5x07 

317 m 4  

221.0 

177.1 

477.3 

287 e 5 

192.1 

150 0 

1696.0 

723.6 

684.3 

352.9 

7280 3 

36804 

328 0 9 

21505 

695.4 

36500 

271.4 

21604 

5980 9 

317 4 

22101 

18902 

475.0 

25208 

16509 

150.1 

1696.0 

83909 

684.3 

504.3 

814 0 0 

4530 3 

378 0 7 

288 04 

644.5 

365 0 0 

26507 

216.4 

56109 

325 7 

221.0 

18009 

472 04 

287.4 

182 0 7 

150 O 

1442 O 

829.6 

673.3 

55708 

820.6 

4800 6 

374 0 

3070 1 

63504 

3680 6 

26304 

210.3 

5450 0 

319.5 

22003 

17304 

480.9 

289 0 9 

19204 

148.6 

Average error 1L8$ 5.15 lo 65 

* Data have been taken f r o m  Ref. 4. 
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S W A  AND MEHTA 

f o r  B I  i s  a l s o  p r e d i c t e d  t o  be 557.8 cm-l, ye t  t o  be 

experimental ly  determined. 

The proposed r e l a t i o n  though depends on  o n l y  two 

measurable q u a n t i t i e s ,  y i e l d s  b e t t e r  r e s u l t s ( a v e r a p e  e r r o r  L6$) 

a s  compared t o  t h e  e a r l i e r  X independent r e l a t i o n 4  (average 

e r r o r  5%) and X dependent r e l a t i o n 3  (average error 5.1%). 

ACKNOWLEDGEMENT 

Authors a r e  t h a n k f u l  t o  D r .  S.P.Tandon f o r  h i s  

c r i t i c a l  comments on  t h e  manuscript p r i o r  t o  i t s  publ ica t ion .  

D r .  M.P.Bhutra i s  a lso thanked f o r  h e l p f u l  discussions.  

Authors wish t o  thank CSIR, I n d i a  f o r  providing f i n a n c i a l  

q .ss is tance 

R E F  ERENJCB 

1. Z-Ilerzberg, 'Molecular Spectra  and Molecular S t ruc ture .  

1 .Spectra  o f  Diatomic Xolecules ' ,  D-Van Nostrand Co. Inc., 

Mew York, 1950. 

2. Z.;Iussain, Can. J. Phys., 44, 917 (1966). 

3. S.P.Tandon, M.P:Bhutra and P.C.blehta, Spec tmsc .  Letts.,  

- 2, 213 (1969). 

4. I<. S .ICras nov, V. S. T i m 0  s h i n i  n, T . G. Danilova and 3. V. Khando zhko , 
'Xandbook of ! b l e c u l a r  Constants of  Inorganic  Compounds', 

Israel  Program f o r  S c i e n t i f i c  T r a n s l a t i o n s ,  Jerusalem, 

1970, p.12.. 

Received March 19, 1974 
Accepted April 1,  1974 

192 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


