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284 SINGH ET AL. 

a n d  f i r s t  o v e r t o n e  b a n d s .  Two s e t s  o f  d i p o l e  moment  d e -  

r i v a t i v e s  h a v e  b e e n  c a l c u l a t e d  c o r r e s p o n d i n g  t o  - -  a n d  

t- c o m b i n a t i o n s  o f  t h e  t r a n s i t i o n  moment  m a t r i x  e l e m e n t s  

R10 a n d  R Z 0 ,  t h e  v a l u e s  f o r  tt a n d  -t c o m b i n a t i o n s  a r e  

e q u a l  i n  m a g n i t u d e  t o  t h o s e  f o r  -- a n d  t- c o m b i n a t i o n s ,  

r e s p e c t i v e l y  a n d  o p p o s i t e  i n  s i g n s .  I n  g e n e r a l  t h e  d i -  

p o l e  moment  d e r i v a t i v e s  i n c r e a s e  o n  l o w e r i n g  t h e  t e m p e -  

r a t u r e  a s  w e l l  a s  w i t h  i n c r e a s i n g  m o l e c u l a r  i n t e r a c t i o n s  

w i t h  t h e  s o l v e n t  m o l e c u l e s .  D i p o l e  moment  p l o t s  w i t h  

d i m e n s i o n l e s s  c o o r d i n a t e  5 [ = ( r - r e ) / r e ,  w h e r e  r a n d  re  

a r e  i n t e r n u c l e a r  d i s t a n c e s  d u r i n g  v i b r a t i o n  a n d  a t  e q u i -  

l i b r i u m ,  r e s p e c t i v e l y ]  a r e  r e p o r t e d  f o r  v a r i o u s  s y s t e m s  

c o n s i d e r e d .  I t  i s  f o u n d  t h a t  f o r  t- c o m b i n a t i o n  t h e  d i -  

p o l e  moment  maximum s h i f t s  t o  h i g h e r  i n t e r n u c l e a r  d i s -  

t a n c e s  w h e n  p o l a r i s a t i o n  o f  t h e  s o l u t e  m o l e c u l e s  i s  i n -  

c r e a s e d  b y  l o w e r i n g  o f  t e m p e r a t u r e  o r  i n c r e a s e  i n  m o l e -  

c u l a r  i n t e r a c t i o n s  b e t w e e n  s o l u t e  a n d  s o l v e n t  m o l e c u l e s .  

A r e v e r s e  t r e n d  i s  o b s e r v e d  f o r  - -  c o m b i n a t i o n . -  The  

O H  b a n d  o f  t - b u t a n o l  v a p o r  h a s  b e e n  m e a s u r e d .  

1 INTRODUCTION 

D i p o l e  moment  f o r  d i a t o m i c  m o l e c u l e s  i s  k n o w n  (1 )  

t o  h a v e  a n o n l i n e a r  d e p e n d e n c e  o n  i t s  i n t e r n u c l e a r  d i s -  

t a n c e .  T h i s  c o n c e p t  h a s  b e e n  u s e d  i n  t h e  l i t e r a t u r e  t o  

e x p l a i n  t h e  o b s e r v a t i o n  o f  o v e r t o n e  b a n d s  i n  t h e  v i b r a -  

t i o n a l  s p e c t r a  o f  d i a t o m i c  m o l e c u l e s  e v e n  u n d e r  mecha-  

n i c a l  h a r m o n i c  o s c i l l a t o r  a p p r o x i m a t i o n .  F o r  p o l y a t o m i c  
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DIPOLE MOMENT FUNCTION 285 

m o l e c u l e s  t h e  d i p o l e  moment depends on n o r m a l  c o o r d i -  

n a t e s .  U s i n g  d i a t o m i c  o s c i l l a t o r  a p p r o x i m a t i o n  f o r  X-H  

bonds  (X = C,N,O)  i n  p o l y a t o m i c  m o l e c u l e s  and e m p l o y i n g  

i n f r a r e d  band i n t e n s i t i e s  o f  f u n d a m e n t a l s  and  o v e r t o n e s  

v a r i o u s  a u t h o r s  ( 2 - 6 )  have e v a l u a t e d  d i p o l e  f u n c t i o n s .  

The f i r s t  and second  d i p o l e  moment d e r i v a t i v e s  a r e  eva -  

l u a t e d  b y  s o l v i n g  t w o  e q u a t i o n s  f o r  t r a n s i t i o n  moments 

o b t a i n e d  f r o m  I R  band i n t e n s i t i e s  o f  f u n d a m e n t a l  and  

o v e r t o n e  o f  X-H  o s c i l l a t o r .  The d i p o l e  moment a t  e q u i -  

l i b r i u m  i s  e v a l u a t e d  b y  a s s u m i n g  ( 2 )  t h e  t o t a l  d i p o l e  

moment t o  b e  z e r o  a t  z e r o  i n t e r n u c l e a r  d i s t a n c e .  On com- 

p a r i s o n  o f  e x p r e s s i o n s  o f  v a r y i n g  c o m p l e x i t y  f o r  t r a n s i -  

t i o n  moment m a t r i x  e l e m e n t s  r e p o r t e d  b y  d i f f e r e n t  a u -  

t h o r s  ( 7 - 2 5 ) ,  we have p r o p o s e d  ( 6 , 2 6 - 2 9 )  op t imum e x -  

p r e s s i o n s  s u i t a b l e  f o r  c a l c u l a t i o n  o f  d i p o l e  moment de- 

r i v a t i v e s  u s i n g  I R  i n t e n s i t i e s  f o r  d i a t o m i c  o s c i l l a t o r s .  

R e c e n t l y  L u c k  and Zheng ( 3 0 )  have  r e p o r t e d  t h a t  

t h e  i n t e n s i t y  o f  t h e  0-H f u n d a m e n t a l  o f  monomer ic  t - b u -  

t a n o l  i n c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e  when t h e  

s p e c t r a  i s  r e c o r d e d  i n  d i l u t e  s o l u t i o n s  u s i n g  n o n p o l a r  

s o l v e n t s .  I f  f r e q u e n c y  s h i f t  o f  t h e  monomer ic  0-H band  

i n  s o l u t i o n s  w i t h  r e s p e c t  t o  i t s  p o s i t i o n  i n  v a p o r p h a s e  

i s  t a k e n  as  a measure  o f  t h e  i n t e r a c t i o n  f i e l d  o f  t h e  

s o l v e n t  m o l e c u l e s ,  t h e  i n t e n s i t y  o f  t h e  f u n d a m e n t a l  

band  was f o u n d  t o  i n c r e a s e  w i t h  i n c r e a s i n g  i n t e r a c t i o n s  

o f  a l c o h o l  w i t h  s o l v e n t  m o l e c u l e s  t h r o u g h  van d e r  Waals 

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



286 SINGH ET A L .  

f o r c e s .  S i m i l a r  o b s e r v a t i o n s  w e r e  made e a r l i e r  f o r  I R  

i n t e n s i t i e s  o f  0-H b o n d  i n  h y d r o g e n  b o n d i n g  s y s t e m s  ( 3 1 ) .  

I n  b o t h  t h e  c a s e s  o f  v a n  d e r  W a a l s  a s  w e l l  a s  h y d r o g e n  

b o n d i n g  i n t e r a c t i o n s  t h e  e n e r g y  i s  f o u n d  t o  b e  r e l a t e d  

t o  t h e  f r e q u e n c y  s h i f t  AvOH w h i c h  i n  t u r n  i s  l i n e a r l y  

r e l a t e d  t o  t h e  i n c r e a s e  i n  i n t e n s i t y  o f  t h e  f u n d a m e n t a l  

0-H b a n d .  T h e  i n t e n s i t y  o f  t h e  0 - H  o v e r t o n e  b a n d  d o e s  n o t  

show much  c h a n g e  i n  d i f f e r e n t  s o l v e n t s  a s  w e l l  a s  a t  

d i  f f e r e n  t t e m p e r a t u r e s  . 
We r e p o r t  h e r e  t h e  d i p o l e  moment  f u n c t i o n s  o f  t h e  

0-H o s c i l l a t o r  o b t a i n e d  f r o m  t h e  d a t a  o n  I R  i n t e n s i t i e s  

( 3 0 )  o f  0-H b a n d s  o f  t - b u t a n o l  i n  s e v e r a l  n o n p o l a r  s o l -  

v e n t s  a t  t e m p e r a t u r e s  r a n g i n g  f r o m  10' t o  6 O o C .  T h e d a t a  

o n  s o l u t i o n s  i n  p e r f l u o r o h e x a n e  i s  n o t  i n c l u d e d  b e c a u s e  

o f  h i g h e r  p o s s i b i l i t y  o f  s e l f  a s s o c i a t i o n  b e c a u s e  o f  

l o w  s o l u b i l i t y ,  a t  l o w e r  t e m p e r a t u r e  i n  t h i s  c a s e ,  

w h i c h  i n  t u r n  w i l l  show l o w e r i n g  o f  monomer  b a n d  i n t e n -  

s i t y .  T h i s  e f f e c t  i s  f o u n d  t o  d e c r e a s e  t h e  i n t e n s i t y  by 

n o t  m o r e  t h a n  1 t o  3% w h i l e  v a r y i n g  t h e  t e m p e r a t u r e  f r o m  

60' t o  10°C i n  t h e  s o l v e n t s  c o n s i d e r e d .  S p e c t r a l  r e s u l t s  

f o r  v a p o r  p h a s e  a r e  a l s o  i n c l u d e d  f o r  c o m p a r i s o n .  

2 RESULTS A N D  D I S C U S S I O N  

T h e  0-H s t r e t c h i n g  b a n d s  f o r  f u n d a m e n t a l  a n d  f i r s t  

o v e r t o n e  f o r  t - b u t a n o l  i n  v a p o r  p h a s e  a r e  shown i n  F i g . 1 .  

I R  s p e c t r a l  d a t a  f o r  i t s  0-H s t r e t c h i n g  f u n d a m e n t a l  a n d  

f i r s t  o v e r t o n e  b a n d s  i n  d i f f e r e n t  s o l v e n t s  a r e  summa- 
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FIG.l Vapor phase IR spectra of t-butanol in the 0-H stretching 
fundamental and first overtone regions at 35’C. 
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288 SINGH ET AL. 

r i s e d  i n  T a b l e  1 a t  s i x  t e m p e r a t u r e s .  As may be  n o t i c e d ,  

t h e  i n t e n s i t i e s  o f  t h e  f u n d a m e n t a l  i n c r e a s e s  w i t h  de-  

c r e a s e  i n  t e m p e r a t u r e  and  i n c r e a s e  i n  t h e  e x t e n t  o f  i n -  

t e r a c t i o n  o f  s o l u t e  m o l e c u l e s  w i t h  s o l v e n t ,  t h e  o v e r t o n e  

band does  n o t  show much v a r i a t i o n s .  I t  i s  o b s e r v e d  t h a t  

t h e  r a t i o  o f  t h e  i n t e n s i t i e s  o f  f u n d a m e n t a l  and o v e r t o n e  

bands f o r  v a p o r  i s  a p p r o x i m a t e l y  5 and i t  i n c r e a s e s  w i t h  

m o l e c u l a r  i n t e r a c t i o n s  w i t h  s o l v e n t  m o l e c u l e s ,  b e i n g  a p -  

p r o x i m a t e l y  14  f o r  s o l u t i o n  i n  Hexane and 26 i n  t r i -  

c h l o r e t h a n e .  I n  s t r o n g  h y d r o g e n  b o n d i n g  s o l v e n t s  t h i s  

r a t i o  i s  f o u n d  t o  be  -200  f o r  CH30H ( 6 ) .  

The e x p e r i m e n t a l  a b s o r p t i o n  i n t e n s i t y  i n t e g r a t e d  

o v e r  t h e  band,  e x p r e s s e d  i n  cm mo le - '  i s  g i v e n  as  

1000  I0 A = C.a J En I d v  

where  C i s  t h e  c o n c e n t r a t i o n  i n  m o l e  l i t - ' ,  11 t h e  p a t h  

l e n g t h  i n  cm and v t h e  f r e q u e n c y  i n  c m - l .  T h i s  i n t e n s i t y ,  

A i s  r e l a t e d  t o  t h e  t r a n s i t i o n  moment i n t e g r a l  R V I V I I  as 

f o l l  ows: 

-1 where  v~~~~~ i s  t h e  f r e q u e n c y ,  i n  cm 

w h i c h  maximum o c c u r s  f o r  t r a n s i t i o n  v " + v '  and  N i s  Avo- 

g a d r o  Number. The above  two  e x p r e s s i o n s  may be u s e d  t o  

d e t e r m i n e  t h e  v a l u e  o f  R v , v , ,  f r o m  e x p e r i m e n t a l  i n t e n s i -  

, o f  r a d i a t i o n  a t  
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DIPOLE MOMENT FUNCTION 289 

S o l  v e n t  

T A B L E  1 
Spectral d a t a  for  0-H stretching vibration for t-butanol in va- 
rious nonpolar solvents a t  different  temperatures. 

Temp,'C 

Hexane 

40  

60 
Cycl ohexane 10 

20 I pi 
I 60 

Carbon t e t r'a - 
chloride 10  

20 

Trichl or- 
ethane 

20 
30  
40 

- -1 vol ,cm 

3643.0 
3622.4 
3623.1 
3623.5 
3624.0 
3624.5 
3625.0 
3620.3 
3621.0 
3621.5 
3622.0 
3622.4 
3623.0 

3616.4 
3616.8 
3617.2 
3617.6 
3618.4 
3619.2 

3611.0 
3611.7 
3612.5 
3613.2 
3614.0 
3614.7 

0.84 
3.02 
2.29 
2.90 
2.83 
2.74 
2.65 
3.29 
3.20 
3.09 
3.02 
2.92 
2.74 

4.24 
4.12 
4.10 
3.98 
3.91 
3.82 

5.62 
5.50 
5.41 
5.37 
5.27 
5.20 

7114.0 
7074.6 
7075.6 
7076.1 
7076.6 
7077.1 
7078.6 
7064.5 
7065.9 
7066.9 
7067.4 
7068.0 
7069.2 

7059.8 
7060.8 
7062.1 
7063.3 
7064.6 
7065.7 

7051.6 
7053.7 
7055.2 
7056.2 
7057.7 
7058.8 

A02' -1 
cm mol 

1.64 
2.29 
2.28 
2.25 
2.18 
2.15 
2.13 
2.07 
2.01 
1.94 
1.91 
1.91 
1.91 

2.10 
2.10 
2.08 
2.06 
2.03 
2.03 

2.05 
2.05 
2 -06  
2.04 
2.01 
2.02 

t i e s ,  i t s  s i g n  can ,  however,  n o t  be de t e rmined .  The 

t r a n s i t i o n  moment i n t e g r a l s ,  i n  t e rms  of d i p o l e  moment 

d e r i v a t i v e s  a r e  g iven  a s  f o l l o w s  ( 6 , 2 6 , 2 7 ) :  
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2 90 SINGH ET AL. 

2 2 
(4) a10 0 

R20 = -272 p 1  Jz p 2  

2 B e  where a l  = - [1  t -1, 0 = [,-I, p1 a n d  p 2  a r e  f i r s t  
68 e e 

a n d  second d i p o l e  moment d e r i v a t i v e s  wi th  r e s p e c t  t o  

d imens ion le s s  c o o r d i n a t e s  5 i n  t h e  expans ion  p = 

p o  t p l S  t p2F;2y  B e  and ae a r e  r o t a t i o n a l  c o n s t a n t s  a n d  

o i s  harmonic f r equency .  I n  t e rms  of anha rmon ic i ty  con-  

s t a n t  b ( =  k 3 / w e  = a 1 0 / 2 ) ,  the  above r e l a t i o n s  can  be 

given ( 4 , 6 )  a s  f o l l o w s :  

a u  e e  

e 

k g  t h e  c u b i c  f o r c e  c o n s t  n t  i n  cm", i n  i t s  f i r s t  app ro -  

x imat ion  i s  g iven  by [-I where u e x e  i s  anha rmon ic i ty  

c o n s t a n t .  The d i p o l e  moment d e r i v a t i v e s  p1 a n d  p 2  a r e  

de te rmined  us ing  e q u a t i o n s  5 and 6 f o r  - -  and t- combi- 

n a t i o n s  of R10 a n d  R 2 0  a n d  a r e  g iven  in  Tab le  2 .  Fo r  

t h e  s a k e  of  b r e v i t y  v a l u e s  f o r  on ly  10' a n d  6OoC a r e  

shown . 

$ 
4Wexe 

A s  r e p o r t e d  by Sverd lov  e t  a 1 . ( 3 2 )  t h e  i n t e n s i t y  

i n  condensed media vary  a s  a l i n e a r  f u n c t i o n  o f  tempera-  

t u  r e  

A = A, t aAT (7) 
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T r i c h l o r -  
ethane 

T A B L E  2 

10 -1.29 1.03 2.32 1.78 1.14 
60 -1.29 0.99 2.28 1.76 1.10 

291 

D i p o l e  moment  e x p a n s i o n  f o r  0-H b o n d  i n  t - b u t a n o l  i n  
v a p o r  a n d  n o n p o l a r  s o l v e n t s  

1 I I I 

- - - - - -  
p 2  

-1.01 
--0.45 

-0.94 
-0.84 

-0.84 

-0.77 
-0.78 

-0.64 

-0.66 

w h e r e  t h e  t e m p e r a t u r e  c o e f f i c i e n t  a i s  n e g a t i v e  f o r  li- 

q u i d s .  I n  t h e  z e r o  a p p r o x i m a t i o n  t h e  p r o b a b i l i t y  o f  a 

v i b r a t i o n a l  t r a n s i t i o n  i s  r e p r e s e n t e d  ( 3 3 )  a s  a p r o d u c t  

o f  t w o  m a t r i x  e l e m e n t s  o f  a t r a n s i t i o n  d i p o l e ,  t h e  f i r s t  

c o r r e s p o n d i n g  t o  t h e  f r e e  m o l  e c u l  e a n d  t h e  s e c o n d  t o  t h e  

i n t e r m o l e c u l a r  i n t e r a c t i o n s ,  t h e  l a t t e r  d e c r e a s i n g  w i t h  

i n c r e a s e  i n  t e m p e r a t u r e  a n d  i n c r e a s e  i n  i n t e r m o l e c u l a r  

s e p a r a t i o n .  S u c h  a 1 i n e a r  t e m p e r a t u r e  d e p e n d e n c e  o f  I R  

i n t e n s i t i e s  h a s  b e e n  e x p e r i m e n t a l l y  e s t a b l i s h e d  b y  L u c k  

a n d  Z h e n g  ( 3 0 ) .  Yao a n d  O v e r r e n d  ( 2 5 )  h a v e ,  o n  t h e  b a s i s  

o f  a c o m p r e h e n s i v e  t r e a t m e n t  a r g u e d  t h a t  t e m p e r a t u r e  d e -  
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292 SINGH ET AL. 

p e n d e n c e  o f  i n t e n s i t i e s  i n  g a s  p h a s e  f o r  h i g h  f r e q u e n c y  

o s c i l l a t o r s  i s  n e g l i g i b l e  a t  o r d i n a r y  t e m p e r a t u r e s .  T h e y  

s u g g e s t  t h a t  i n  c o n d e n s e d  p h a s e ,  h o w e v e r ,  t h e r e  may b e  

s t r o n g  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  d i p o l e  f u n c t i o n  d u e  

t o  v a r i a t i o n  i n  p o l a r i s a t i o n  a s  t h e  a v e r a g e  i n t e r m o l e c u -  

l a r  s e p a r a t i o n s  c h a n g e  a n d  t h i s  may l e a d  t o  c o n s i d e r a b l e  

t e m p e r a t u r e  d e p e n d e n c e  o f  I R  b a n d  i n t e n s i t i e s .  T h e  v a -  

r i a t i o n  o f  p1  a n d  p 2  a s  a f u n c t i o n  o f  t e m p e r a t u r e  a n d  

n a t u r e  o f  s o l v e n t  i s  i n  a g r e e m e n t  w i t h  t h e  c o n c l u s i o n s  

d r a w n  a b o v e .  

U s i n g  t h e  a s s u m p t i o n  s u g g e s t e d  b y  R u s s e l  a n d  Thomp- 

s o n  ( 2 )  t h a t  d i p o l e  moment  may b e  a s s u m e d  t o  b e  z e r o  a t  

z e r o  i n t e r n u c l e a r  d i s t a n c e ,  t h e  v a l u e s  o f  d i p o l e  moments  

a t  e q u l i b r i u m  b o n d  d i s t a n c e ,  p, a r e  e v a l u a t e d  a s  f o l l o w s :  

P = P o  + P15 + P2C2,  5 = (r - re ) / re  

f o r  r = 0 ,  5 = -1 a n d  t h u s  p o  = p1 - p 2 .  

T h e  p o  v a l u e s  t h u s  c a l c u l a t e d  a r e  a l s o  g i v e n  i n  T a b l e  2 .  

I n  F i g . 2  a r e  s h o w n  t h e  d i p o l e  moment  f u n c t i o n s  f o r  

0-H b o n d  o f  t - b u t a n o l  i n  v a r i o u s  s o l v e n t s  a t  10' a n d  

6 O o C  f o r  - -  a n d  t- c o m b i n a t i o n s  o f  R 1 0  a n d  R 2 0 .  I n  many  

c a s e s  o f  d i a t o m i c  o s c i l l a t o r s  i t  i s  f o u n d  ( 2 6 )  t h a t  p 1  

a n d  p 2  h a v e  o p p o s i t e  s i g n s .  We f e e l ,  t h e r e f o r e ,  t h a t  v a -  

l u e s  o f  p1 a n d  p 2  g i v e n  u n d e r  t- c o m b i n a t i o n  i n  T a b l e  2 

a r e  b e t t e r  a p p r o x i m a t i o n  t o  t h e  c o r r e c t  d i p o l e  f u n c t i o n .  

I t  i s  f o u n d  t h a t  f o r  t h i s  c o m b i n a t i o n  p o ,  p1 a n d  p 2  i n -  
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-3 

293 

(e). - and *... re- 
present -- combination 
a t  10" and 60°C where- 
as  --- and -.-.- repre- 1 I I 

d 

/ - r--T = I--- c 

1 I I 
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c r e a s e  w i t h  d e c r e a s e  i n  t e m p e r a t u r e  and w i t h  i n c r e a s e  i n  

m o l e c u l a r  i n t e r a c t i o n s  o f  t h e  s o l v e n t  m o l e c u l e s  w i t h  a l -  

c o h o l .  

I n  F i g . 2  v a r i a t i o n s  i n  d i p o l e  moment a r e  shown f o r  

t h e  r e g i o n  - 1 <  5 < 1 c o r r e s p o n d i n g  t o  0 < r < 2 r e .  However ,  

s i n c e  a l i m i t e d  d i p o l e  e x p a n s i o n  i s  c o n s i d e r e d  h e r e ,  

w h i c h  i s  t r u n c a t e d  a t  p 2  and h i g h e r  d e r i v a t i v e  a r e  n o t  

c o n s i d e r e d ,  we f e e l  t h a t  t h e  f u n c t i o n  may n o t  b e  c o r r e c t  

o u t s i d e  t h e  r e g i o n  - 0 . 5 < 5 < 0 . 5 .  We have  a l s o  compu ted ,  

%ax 3 

and t h e y  a r e  g i v e n  i n  T a b l e  3 as  i n t e r n u c l e a r  d i s t a n c e ,  

rmax i n  t e r m s  o f  re. I t  i s  f o u n d  t h a t  i n  a l l  t h e  c a s e s  

s t u d i e d  t h e  rmax f o r  - -  c o m b i n a t i o n  i s  l o w e r  t h a n  e q u i -  

l i b r i u m  i n t e r n u c l e a r  d i s t a n c e ,  re  and f o r  + -  c o m b i n a t i o n  

i t  i s  h i g h e r  t h a n  re .  F u r t h e r ,  a d e f i n i t e  t r e n d  i n  t h e  

rmax v a l u e s  i s  f o u n d ,  a s  a f u n c t i o n  o f  t e m p e r a t u r e  a n d  

n a t u r e  o f  s o l v e n t  ( F i g . 3 ) .  F o r  - -  c o m b i n a t i o n  t h e  rmax 

v a l u e s  d e c r e a s e  w i t h  d e c r e a s i n g  t e m p e r a t u r e  and  w i t h  i n -  

c r e a s i n g  e x t e n t  o f  m o l e c u l a r  i n t e r a c t i o n s  o f  s o l v e n t  

w i t h  t h e  s o l u t e  m o l e c u l e s  ( a s  measured  by  Avo” o f  s o -  

l u t e  i n  v a r i o u s  s o l v e n t s )  whereas  f o r  +- c o m b i n a t i o n  a 

r e v e r s e  t r e n d  i s  o b s e r v e d ;  b o t h  f o r  d e c r e a s i n g  t e m p e r a -  

t u r e  and i n c r e a s i n g  e x t e n t  o f  m o l e c u l a r  i n t e r a c t i o n s  t h e  

rmax v a l u e s  i n c r e a s e .  If t h e  +- c o m b i n a t i o n  i s  t h e  r i g h t  

c h o i c e  as  m e n t i o n e d  e a r l i e r ,  t h e n  t h e  r e s u l t s  show t h a t  

t h e  d i p o l e  moment f u n c t i o n  g e t s  i t s  maximum s h i f t e d  t o  

t h e  v a l u e s  o f  5 f o r  w h i c h  d i p o l e  moment i s  maximum 
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~ ~~ 

0 
20.6 
18.0 
22.7 
20.0 
26.6 
23.8 

32.0 
28.3 

T A B L E  3 

Values o f  r m a x y  i n t e r n u c l e a r  d i s t a n c e  a t  which d i p o l e  
moment i s  maximum, i n  terms o f  ro  

~ 

.889 1.234 

.832 1.447 

.836 1.429 

.821 1.529 

.828 1.485 

.803 1.653 

.808 1.610 

.779 1.888 

.784 1.830 

Sol vent  

VaDor 
Hexane 

Cycl ohexane 

Carbontetrachl oride 

Trichl orethane 

Temp OC 

35 

10 
60 

10 
60 

10 
60 
10 
60 

h i g h e r  i n t e r n u c l e a r  d i s t a n c e s  wi th  i n c r e a s i n g  p o l a r i z a -  

t i o n  of t h e  s o l u t e  molecules  by s o l v e n t  molecules  and 

r e d u c t i o n  i n  t e m p e r a t u r e .  

The i m p l i c a t i o n s  a n d  c o r r e c t  i n t e r p r e t a t i o n  of  

t h e s e  o b s e r v a t i o n s  o n  rmax may be made sometime l a t e r  

w h e n  more d a t a  i s  a v a i l a b l e  o n  r e l a t e d  sys t ems .  The p re -  

s e n t  o b s e r v a t i o n s  on d i p o l e  f u n c t i o n  seem t o  be i n t e -  

r e s t i n g  f o r  f u r t h e r  w o r k  i n  t h i s  d i r e c t i o n .  

3 E XPE R I  MENTAL 

The s p e c t r a  i n  t h e  fundamental  r e g i o n  were r eco rded  

o n  P E  325 I R  s p e c t r o m e t e r  a n d  i n  t h e  o v e r t o n e  r e g i o n s  o n  

Cary-171 s p e c t r o m e t e r .  The vapor  phase spec t rum i n  t h e  

fundamental  r e g i o n  was r eco rded  i n  a gas  c e l l  f i t t e d  
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2.0 

1 .a 

1.6 

1.4 

1,2 
,p 0.90 

0.85 

0.80 

0,75 
0 10 20 30 

OH 
Av 

FIG.3 Plot of rmx(in terms of re)vs nvoH for  +-(a) and --(b) combi- 
nations a t  10°C(x) and 6 0 O C Q .  The vapor phase value is shown by 0 .  
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wi th  KBr windows wi th  a p a t h  l e n g t h  o f  10 cm ma in ta ined  

a t  35OC. A f t e r  e v a c u a t i o n  t h e  c e l l  was f i l l e d  wi th  v a -  

pors  from a f l a s k  c o n t a i n i n g  l i q u i d  t - b u t a n o l  a t  35OC. 

The s p e c t r a  were r eco rded  a f t e r  t h e  system a t t a i n e d  a n  

e q u i l i b r i u m  f o r  1 / 2  hr .  F o r  t h e  o v e r t o n e  spec t rum mul- 

t i p l e  pas s  gas c e l l  f i t t e d  wi th  g l a s s  windows wi th  an 

e f f e c t i v e  pa th  l e n g t h  of 1 m was used .  S i n c e  i t  was n o t  

p o s s i b l e  t o  e v a c u a t e  t h e  c e l l ,  i t  was f i l l e d  wi th  d r y  

a i r  and then  vapors  o f  t - b u t a n o l  were a l lowed i n ,  w h i l e  

m a i n t a i n i n g  a c o n s t a n t  t e m p e r a t u r e  of 35OC f o r  t h e  c e l l  

and 3OoC f o r  t h e  f l a s k  c o n t a i n i n g  l i q u i d  a l c o h o l .  The I R  

s p e c t r a  were recorded  every-day  f o r  1 4  days t i l l  t h e  p r o -  

per  e q u i l i b r i u m  was a t t a i n e d ,  which was ensu red  by con- 

s t a n t  i n t e n s i t y  measurements on l a s t  f o u r  c o n s e c u t i v e  

days .  The vapor  p r e s s u r e  f o r  t - b u t a n o l  a t  above tempe- 

r a t u r e  was  t aken  from t h e  l i t e r a t u r e  ( 3 4 )  f o r  c a l c u l a -  

t i o n  of t h e  i n t e g r a t e d  i n t e n s i t i e s .  The expe r imen ta l  

d e t a i l s  f o r  s p e c t r a  i n  s o l u t i o n s  a r e  g iven  e l s e w h e r e  

( 3 0 ) .  
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