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SPECTROSCOPY LETTERS, 7(11), 575-580 (1974) 

ON THE ACCURACY OF THE VIBRATIONAL WAVE 

FUNCTIONS AND DERIVED QUANTITlES 

Key words : Vibrational wave functions. 

V.B. Cohel 
Physics Department, Gu arat University, 

Ahmedabad-380009 t India).  

ABSTRACT 

Effect due t o  uncertainty i n  the dissociation 

energy, which i s  a major source of e r ro r  

Quant. Spectr. Radiat. Transfer, (1971 1, n, 421-6 1 
i n  the calculations of vibrational wave  functions and 

derived quantit ies,  has been investigated. It has been 

found t h a t  fo r  the molecules, for  which the highest  

observed vibrational level is w a l l  below the dissoci - 
a t lon  l i m i t ,  the e f f ec t  I s  extremely s m a l l .  

( Jarmain, J. 

I n  the l a s t  decade v ibra t iona l  wave f’unctions f o r  

la rge  number of diatomic spices have been computed 

numerically. The computer programme o r ig ina l ly  writ ten 
1 by Cooley and modified by Zare and Cashion‘, based on 

the method previously outlined by Hartee3 i s  i n  wide 

use fo r  t h i s  purpose. The accuracy of the r e su l t s  and 

the sources of e r ror  have been discussed i n  d e t a i l  by 

Jarmain4. The accuracy of the wave  f’unctions w a s  inves- 

t iga ted  by three t e s t s :  (i> by comparing observed 
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v ib ra t iona l  eigenvalues with those generated by the 

programme, ( i l l  by comparing observed r o t a t i o n a l  ener- 

g i e s  wlth those generated by the programme and (iii) by 

ca lcu la t ing  the or thogonal i ty  in t eg ra l s  o r  tNoise f a c t o r  

4 According t o  Jarmain the e r ro r s  i n  the calculated 

quan t i t i e s  can be c l a s s i f i e d  i n  two groups: (1) those 

that  a r i s e  from e r ro r s  or approxlmations i n  the method 

and (11) those t h a t  stem from inaccurate experimental 

data. 

(1) Errors  of t h i s  kind are  found t o  be ins ignl -  

f i can t .  

(11) Inadequate o r  incomplete experimental data 

represent a r e a l  l imi t a t ion ,  e spec ia l ly  if the 

d issoc ia t ion  energy, De, i s  not w e l l  establ ished.  I n  

t h i s  circumstance the po ten t i a l  energy curve does not 

have the proper shape and there  will be e r r o r s  of 

unknown magnitudes i n  all derived quan t i t i e s .  It m u s t  

be mentioned here that  the  d issoc ia t ion  energy en ters  

i n  the  ex t rapola t ion  method suggested by Jarmain . 4 

I n  the present communication we i nves t iga t e  the 

e f f e c t  of uncer ta in ty  i n  De on the v ib ra t iona l  wave 

functions and derived quan t i t i e s  l i k e  v ib ra t iona l  and 

r o t a t i o n a l  energy and 'noise fac tor ' .  

The typical case under consideration is the ground 

s t a t e  of SnF' molecule. Three d i f f e r e n t  values of the  

d i s soc ia t ion  energy are available f o r  t h i s  case: (1) 
45000 cm-', Singh and R a i  5 , (ii) 31 748 cm-l , Herzberg 6 
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VIBRATIONAL WAVE FUNCTIONS 

and (iii) 26909 cm-', Gaydon7. The RKR po ten t i a l  curve 

f o r  t h i s  case has been reported by  Singh and Rai5 and 

we have used the same curve i n  the present study. I n  

order  t o  ca l cu la t e  the wave f'unctions up t o  highest  

observed v ib ra t iona l  l e v e l  (V,,= 8) i n  the present  

case the  po ten t i a l  curve was extrapolated both on 

r i g h t  and l e f t  s ides  by the method suggested by 

Jarmain . A l l  the  three  values of De mentioned above 

were u t i l i z e d  i n  t u r n  and ca lcu la t ions  were ca r r i ed  

out  fo r  each case. The ca lcu la t ions  were performed 

on IBM 360 a t  the  Physical Research Laboratory, 

Ahmedabad (India)  . Vibrat ional  wave functions,  vibra- 

t i o n a l  energies,  r o t a t i o n a l  energies and 'noise  

f ac to r s '  were generated and examined i n  the context  of 

the th ree  t e s t s  described by J a n a i n .  Table (1) and (2) 

d i s p l a y  the  numerical r e su l t s .  It  can be seen from the 

t a b l e s  that  the d i s soc ia t ion  energy has a very small 

e f f e c t  on the v ib ra t iona l  and r o t a t i o n a l  energies ,  The 

'noise  fac tor '  i n  each case was found t o  be less than 

4 

To examine the e f f e c t  of De, the extrapolated 

-='rigs of the  p o t e n t i a l  curve, with each value of De, 

were c a r e f u l l y  examined. It was found t h a t  i n  an appre- 

c i ab le  region beyond the  turning points  of the  highest  

v ib ra t iona l  l e v e l  the curves reproduced almost the 

same energy. I n  the regions where curves d i f f e r  from 

each other  the wave funct ion values f o r  the highest  

observed l e v e l  were found t o  be ex t reue ly  small 

577 

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



TA
BL
E 

(1
) 

C
om

pa
ri

so
n 

of
 e

xp
er

im
en

ta
l 

G
(v

) 
(o

m
o’

) 
w

it
h

 t
h

os
e 

ge
n

er
at

ed
 b

y 
th

e 
P

ro
gr

am
 

3 
20

06
.4

 
20

07
.6 

+
 
1.

2 
20

07
.6

 
+

 
1.

2 
20

07
.6

 
+

 
1

0
2

 

4 
66

7.
8 

66
8.

4 
+

 
0.

6 
66
8.
4 

+
 
0.6

 
66

8.
4 

+
 
0.6

 

5 
31

23
.4

 
31

23
.5

 
+

 
O

el
 

31
23

.6
 

+
 

0
.2

 
31

23
.6

 
+

 
0

.2
 

42
19

.8
 

+
 
0.

3 
42

19
.8

 
42

19
.5

 
- O

e3
 

4
a9

-9
 

+
 
0.

1 
7 

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



TA
BL
E 

(2
) 

C
om

pa
ri

so
n 

of
 e

x
p

er
im

en
ta

l 
$
( 

er
n-

') 
va

lu
es

 
w

it
h 

th
o

se
 g

en
er

at
ed

 b
y 

th
e 
Pr
og
ra
m 

V
ib

ra
ti

o
n

al
 

Bv
 

B
V
 

B
V
 

B
V
 

ex
pt

. 
w

he
n 

De
v 

w
he

n 
D

ev
 

w
he

n 
D

ev
 

D
e=

45
00

0 
cm

" 
D

e=
26

90
9 

cm
" 

D
g3

17
48

 e
m

o1
 

qu
an
tu
m 

nr
nn

be
 r 

0.
27

22
 

0.
27

23
 

+O
oO

O
O

l 
0.

27
23

 
+0

.0
00

1 
0.

27
23

 
+0

.0
00

1 
0 

O.
00
00
 

0.
27

10
 

+O
.O
OO
O 

0.
27

10
 

0 
. 000

0 
1 

0.
27

10
 

0.
27

10
 

2 
0.

26
99

 
0.

26
%

 
0.

00
00

 
0.

26
99

 
0.
00
00
 

0
.2

6
9

 
0 
. 000

0 

3 
0.

26
89

 
0.

26
89

 
0.

00
00

 
0.

26
89

 
0.
00
00
 

0.
26

89
 

0.
00

00
 

4 
0.

26
78

 
0.

26
79

 
+O

.O
OO

l 
0.

26
79

 
+

0.
00

01
 

0.
26

79
 

+0
.0

00
1 

5 
0.

26
67

 
0.

26
69

 
+0
.0
00
2 

0.
26

69
 

+
0.

00
02

 
0.

26
69

 
+

0.
00

02
 

6 
0.

26
56

 
0.

26
55

 
-0

 .O
OO

1 
0 

26
56

 
0.

00
00

 
0.

26
56

 
0 

.oo
oo

 
H

 
0
 F f
 

7 
0.

26
45

 
0.

26
41

 
-0
.0
00
4 

0.
26

42
 

-0
.0

00
3 

0.2
6L

C2
 

-0
.0

00
3 

?- s 2 
8 

0.
26

34
 

0.
26

30
 

-0
.0

00
4 

0.
26

30
 

-0
 .
Oo
O4
 

0.
26

32
 

-0
 0
00
02
 

c3
 
H
 

Z
 

cn
 

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



GOHEL 

(- 

quant i t ies .  The wave functions for  the lower vibra- 

t i o n a l  l eve l s  were s t i l l  smaller i n  the regions of 

extrapolation. 

t o  produce any sizable  e f f ec t  on the  f i n a l  

The results of the present invest igat ion c l ea r ly  

show tha t  f o r  the molecules f o r  which the highest  

observed energy l eve l  l i e s  well  below the dissociat ion 

l i m i t ,  the  e f f e c t  of De, used i n  the extrapolation of 

the po ten t i a l  curve wi l l  be extremely small. I n  such 

cases the uncertain values of De w i l l  also give the 

reasonably accurate values of the wave functions and 

the derived quant i t ies .  
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