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INTRODUCTION 

There has been considerable interest recently in the study o f  the 

1-4 submillimetre (or very far-infrared) absorption shown by both polar 

and non-polar molecules. Such absorption, in the -5-100 cm 

region, for non-polar molecules is to be caused by 

fluctuating dipoles associated with classical quadrupole-induced dipole 

interactions (in general multipole-induced dipole interactions). These 

effects are said to be "collision-induced" and can be thought of as 

being due to "collision" complexes in the liquid phase. For polar 

molecules the absorption is now thought to be due t o  libration of 

the dipole in a "cage" of surrounding molecules (either molecules of 

the same species or of  solvent). 

is not inconsistent with the of a residual rotation of  the 

molecular dipole in the liquid phase. This similarity is underlined 

by the fact that some simple polar molecules have a liquid phase 

Poley-Hill absorption the general shape and position of which follow 

quite closely that of the pressure broadened,gas phase spectrum. Our 

interest in the far-infrared region stems from our studies on halogen 

complexes with various n and bn donors. l3 ' I 4  The pyridine-I2 system 

2,5-8 -1 

1-4 

9 , l O  This so-called Poley-Hill model 

11 ,12  
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( i n  cyclohexane)  f o r  example shows two bands i n  the f a r - i n f r a r e d  n o t  

p r e s e n t  i n  e i t h e r  component. The band a t  -183 cm i s  thought  t o  be  t h e  

s t r e t c h i n g  mode o f  t h e  i o d i n e ,  p e r t u r b e d  i n  t h e  complex. The band a t  

&6 cm 

t o  t h e  ~ ( 1 - I )  band, h a s  so f a r  been i n t e r p r e t e d  

molecular"  s t r e t c h i n g  mode between donor and a c c e p t o r ,  v(D-A). T h i s  

i n t e r p r e t a t i o n  w a s  completely accepted  by us  u n t i l  r e c e n t l y  when we have 

observed such low frequency a b s o r p t i o n s  i n  t h e  systems p-dioxan-XY/ 

cyclohexane ( X  = Y = I ,  B r , C 1 ;  X = I ,  Y = C 1 ,  B r ,  CN). 

pyridine-XY complexes which a r e  thermodynamically q u i t e  s t ab le  , I5  t h e  

cor responding  p-dioxan complexes a r e  very  weak16 and i t  is d o u b t f u l  

whether  such bands (F ig .1)  can b e  reasonably  i n t e r p r e t e d  a s  due t o  t h e  

-1 

-1 , which i s  very  broad and which h a s  a completely d i f f e r e n t  shape 

as  a n  " i n t e r -  
14,15 

Unlike t h e  

i n t e r n a l  mode of a " r i g i d "  complex. We have r e c e n t l y  observed such bands 

i n  o t h e r  systems ( e # g .  CS2, C6H6,  (C2H5)20, (C H S w i t h  I2 and ICN) and 

some of t h e s e  have a l so  been observed elsewhere17 so t h e  phenomenon i s  

now e s t a b l i s h e d  f o r  s o l u t i o n s  of a weak donor c o n t a i n i n g  a halogen.  

2 5 2  

RESULT s 

The observed bands ( o b t a i n e d  us ing  a Beckman-RIIC FS720 i n t e r f e r o -  

m e t e r )  a r e  shown i n  F ig .1  a long  wi th  t h e  spectrum of dioxan i t s e l f .  For 

s o l u t i o n s  c o n t a i n i n g  a ha logen  molecule  t h e  s p e c t r a  have been obta ined  i n  

t h e  double  beam mode by r a t i o i n g  t h e  s o l u t i o n  spectrum a g a i n s t  a "blank" 

c o n t a i n i n g  t h e  same c o n c e n t r a t i o n  of  dioxan.  For  t h i s  reason we a r e  

reasonably  s u r e  t h a t  t h e  bands observed are not simply due t o  a 

p e r t u r b a t i o n  of t h e  dioxan band a t  -70 cm . Our t r a n s m i s s i o n  v a l u e s  are ,  

w e  b e l i e v e ,  a c c u r a t e  t o  about  3-5% above 20 cm . I n  Table  1 we show t h e  

s p e c t r a l  parameters  f o r  t h e  observed bands a long  wi th  some a d d i t i o n a l  

d a t a  necessary  f o r  a d i s c u s s i o n  of t h e i r  o r i g i n .  

-1 

-1 
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10 

I 1 I , I 1 I 

20 40 60 80 I00 120 140 I60 180cm. 

- 
I I 

20 40 60 80 100 I20 140 160 180 c m - l  

Fig. 1. 
halogen. 
0.145M ( 4 )  C 1  
0.084M. 

Far-infrared spectra of 1.3M dioxan in cyclohexane with added 
Concentrations of halo en are (1) zero ( 2 )  12, 0.054M (3)  Br , 

(NB- !?A cases 2-7 the spectrum of l.3M dioxan has been substrackd 
conc. n o t  known 75) IC1, 0.132M (6) IBr, 0.082M (7)  ICib 

o f f ) .  
1aa 
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DISCUSSION 

Although n e i t h e r  p-dioxan nor i o d i n e  a r e  p o l a r  (p-dioxan having a 

very smal l  d i p o l e  moment o f  about O.lD1' due t o  a smal l  c o n c e n t r a t i o n  o f  

t h e  "boat" form) t h e  "complex" h a s  a moment of about 1D . It  is  

p o s s i b l e  t o  c a l c u l a t e  from t h e  work of Gordon2' t h e  i n t e n s i t y  which might 

be expected f o r  a condensed phase " r o t a t i o n a l "  band o f  t h e  r i g i d  complex 

s i n c e  t h i s  depends only on t h e  d i p o l e  moment, p , and moments of i n e r t i a ,  

19 

Lf 

Ix and I 
Y '  

T h i s  express ion ,  v a l i d  s t r i c t l y  f o r  a symmetric t o p  molecule, g i v e s  

es t imated  A v a l u e s  shown i n  t a b l e  1 f o r  " r i g i d  complex" molecules  between 

t h e  donors  and a c c e p t o r s  s t u d i e d .  Although ( 1 )  g i v e s  t h e  i n t e n s i t y  fo r  

"pure" complex molecules ,  i t  i s  c l e a r  t h a t  t h e  Poley-Hil l  model i s  

u n l i k e l y  t o  account for t h e  i n t e n s i t i e s  observed, a t  l e a s t  f o r  dioxan-X 

systems. I t  t h e r e f o r e  seems l i k e l y  t h a t  t h e  bands we have observed ar ise  

mainly by a c o l l i s i o n  induced mechanism - t h e  dioxan having, o f  course ,  

q u i t e  l a r g e  l o c a l  d i p o l e s  d e s p i t e  having only a very small o v e r a l l  

permanent moment. According t o  t h e  equat ions  for t h e  c a l c u l a t i o n  of 

2 

c l a s s i c a l  " c o l l i s i o n a l "  f requencies '  t h e  va lue  o f  

p r o p o r t i o n a l ,  a t  a g iven  temperature ,  t o  (Z/M) '  where M i s  t h e  molecular  

ought t o  be 
max 

1 

mass. 

The va lues  o f  5 

For u n l i k e  molecules ,  A and B y  i i s  p r o p o r t i o n a l  t o  max 

+ 6) ' are shown in t a b l e  1 f o r  dioxan-X2 systems and 

2 
reasonably good agreement i s  observed ( t h e  v a l u e  of i 

could be e l e v a t e d  by a s o l v e n t  e f f e c t  i n  chloroform). 

evidence accumulating t h a t  both t h e  f r e q u e n c i e s  and i n t e n s i t i e s  ( a r e a s )  

depend q u i t e  d r a s t i c a l l y  on t h e  c o n c e n t r a t i o n s  of both components. 

Fur ther ,  t h e  i n t e n s i t i e s  seem h i g h e s t  f o r  i o d i n e  which a l s o  h a s  t h e  

for dioxan-C1 
max 

We a l s o  have 
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highes t  p o l a r i s a b i l i t y .  W e  f e e l  t he re fo re  t h a t  w e  have good evidence 

f o r  the  coll ision-induced na tu re  of t he  observed bands. This could be 

t h e  reason why we previously observed anomalous r e s u l t s  f o r  t he  v(1-I)  

band a t  - 200 cm- . 21 

range of concent ra t ions  and were i n t e r p r e t e d  using the  idea  of a 

"well-defined" complex. 

have l i f e t i m e s  of the  order  of 10-12sec. 

d i s soc ia t ion  i s  the re fo re  of t he  same order  a s  t h a t  of t h e  v i b r a t i o n s  

concerned and so i t  i s  doubtful i f  such an i n t e r p r e t a t i o n  i s  poss ib le .  

The s i t u a t i o n  i s  somewhat more complicated f o r  systems conta in ing  

These da ta  were obtained us ing  a very  s m a l l  

There i s  evidence" t h a t  the"comp1exes" formed 

The "frequency" of complex 

I X  molecules s ince  dipole-induced d ipole  fo rces  probably lead  t o  a much 

s t ronger  i n t e r a c t i o n  and, poss ib ly ,  t o  a con t r ibu t ion  due t o  Poley-Hill  

absorption of t h e  r i g i d  complex. However, t he  frequencies and i n t e n s i t i e s  

of t he  observed bands tend t o  decrease a s  t h e  d ipole  moment of t he  

"complex" increases .  This again i n d i c a t e s  t h a t  the  con t r ibu t ion  from 

induced d ipole  f l u c t u a t i o n s  i s  cons iderable  s ince  equation 1 p r e d i c t s  a 

d r a s t i c  increase  i n  i n t e n s i t y  as the  "complex" d ipo le  moment increases .  

The problem now a r i s e s  a s  t o  how we should i n t e r p r e t  the  low 

frequency band f o r  t he  pyridine-I system. The va lue  of A ob ta ined  from 

(1 )  i s  145 1 mole-1cm-2 compared wi th  an observed i n t e n s i t y  of - 2000 1 

mole-' so Poley-Hill absorp t ion  could make a cont r ibu t ion .  W e  have 

shown recently14 t h a t  a simple e l e c t r o s t a t i c  model f o r  dipole-induced 

d ipole  i n t e r a c t i o n  between pyr id ine  and iod ine  g ives  a t r a n s i t i o n  d ipole  

(a,/ a r )  which amounts t o  25% of the  observed value.  

seems l i k e l y  t h a t  t he re  are a t  l e a s t  two con t r ibu t ions  t o  t h i s  band 

bes ides  t h a t  due t o  "e lec t ron  d e l o ~ a l i s a t i o n " ~ ~  which, f o r  t h i s  

r e l a t i v e l y  s t rong  complex, may s t i l l  h v e  a cons iderable  e f f e c t .  

It the re fo re  

We a r e  now continuing our s tud ie s  on these  and o the r  weak "complex" 

systems us ing  sys temat ic  concent ra t ion ,  so lvent  and temperature 
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v a r i a t i o n s .  Much more d a t a  i s  c l e a r l y  needed b e f o r e  e x i s t i n g  o r  "new" 

t h e o r i e s  o f  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  can be  t e s t e d .  
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