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Abstract 
Supercooling s tud ie s  have been  pe r fo rmed  in n-p-cyano-p-heptyl biphenyl 
using positron l i f e t ime  spect roscopy.  Posi t ron l i f e t ime  measuremen t s  have  
been  pe r fo rmed  during t h e  hea t ing  c y c l e  of s amples  prepared by e i t h e r  
quenching or  slow cooling f r o m  t h e  n e m a t i c  phase.  T h e  behaviour of t h e s e  
t w o  samples  is found t o  b e  d i f f e ren t .  In c a s e  of t h e  quenched sample ,  
t h e  m a t e r i a l  s e e m s  t o  have  t r ans fo rmed  in to  a glassy solid. T h e  o-Ps pick- 
off l i f e t i m e  in t h e  quenched s a m p l e  exhibi ts  a s t rong  t e m p e r a t u r e  depende-  
nce .  i t s  value exhibi ts  six broad peaks  a t  176, 195, 214, 233, 248 and  257K. 
These  t e m p e r a t u r e s  have been ascr ibed t o  various molecular  motions.  The  
sample  exhibi ts  a glass t r ans i t i on  a t  abou t  268K. 

Introduction 

A la rge  c lass  of liquids c a n  b e  supercooled f a r  below t h e  c rys t a l l i za t ion  t e m p e r a t u r e .  
They t r ans fo rm i n t o  a disordered glassy s t a t e  although i t  is thermodynamical ly  unstable:  
The  re laxat ion t i m e s  of such sys t ems  a r e  large  compared  t o  macroscopic  observat ion 
t imes ,  t he re fo re ,  t hey  .provide a n  ideal  s i tuat ion fo r  s tudying t h e  complex mol ,~cular  
dynamics .  Simple  mona tomic  liquids r equ i re  ex t r eme ly  high cooling r a t e s  10 Ks 
and,  t he re fo re ,  t hey  can  not  be  inves t igated.  The  fo rma t ion  of a glass-forming super- 
cooled s t a t e  is  believed t o  be  a d i r e c t  consequence of t h e  low degree  of symrnetry  
of t h e  unst ra ined molecule  [I]. Alkyl cyanobiphenyls fa l l  in th is  ca t egory  of highly 
a'nisotropic molecules  which exhibi t  supercooling. D ie l ec t r i c  loss s tud ie s  in a supercooled 
10% v/v solution of n-p-cyano-p-heptyl biphenyl(7CB) in decal in  [2] and  f a r  infrared(F1R) 
absorpt ion s tud ie s  of 7CB in various environments  [3-51 have provided useful informat ion 
abou t  various in t ra-  and in ter -molecular  modes  execu ted  by th is  compound. 

Posi t ron annihi la t ion has  been extensively  used in t h e  inves t igat ion of physical and 
chemica l  p rope r t i e s  of condensed media  161. The  sensi t iv i ty  of positron annihilation. 
p a r a m e t e r s  to various confo rma t iona l  and s t r u c t u r a l  t r ans fo rma t ions  occurr ing in t h e s e  
med ia  has  been amply  demons t r a t ed  [6] .  Posi t ron annihilation s tudies  in 7 C B  a s  a func-  
t ion of t e m p e r a t u r e  of t h e  sample  have  been  r epor t ed  [7,81. The  s y s t e m  exhibi ts  s eve ra l  
phase  t r ans fo rma t ions  ranging f r o m  c rys t a l  t o  n e m a t i c  and then  t o  i sot ropic  liquid. 
On s low cooling f r o m  t h e  isot ropic  liquid, t h e  n e m a t i c  phase  exhibi ts  supercooling b u t  
no ev idence  of a n y  in t r a -  or in ter -molecular  modes  e x e c u t e d  by th is  compound has  
been  found. These  s tudies  were  conf ined t o  t e n i p e r a t c ~ r e s  higher - t h a n  5"C, and n o  s tudy 
ex tend ing  t o  very  low temp.cra tures  has  been  repor ted .  O n e  could  e x p e c t  t h a t  t h e  mole- 
cu la r  mot ions  of t hese  long molecules  c a n  be  a r r e s t e d  comple te ly  in  a supercooled 
s t a t e .  However ,  it is  likely t h a t  a f r e e  volur'ne is avai lable  in t h e  supercooled s t a t e  
in which molecular  mot ions  a r e  possible e v e n  below t h e  glass transit ion t e m p e r a t u r e .  
(Tg). T h e  P s  f o r m e d  in th i s  s t a t e  can  perhaps  pick up such molecular  motions.  We demo-  
n s t r a t e  th is  possibil i ty in th is  p re sen t  work. The sys tern  was,  t h e r e f o r e ,  quenched f r o m  
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t h e  ne rna t i c  phase  using liquid n i t rogen  t r ans fo rming  i t  t o  a glassy solid. Pos i t ron  
l i f e t i m e  m e a s u r e m e n t s  have  t h e n  been  c a r r i e d  o u t  in t h e  quenched  s a m p l e  dur ing i t s  
hea t ing  cyc l e .  The  r e su l t s  of t h i s  ~ n v e s t i g a t i o n  a r e  p re sen ted .  

Experimental 

The  n-p-cyano-p-heptyl biphenyl(7CB) was  procured f r o m  BDH C h e m i c a l s  and  used 
wi thou t  a n y  f u r t h e r  pur i f ica t ion .  Pos i t ron  l i f e t i m e  m e a s u r e m e  w e r e  c a r r i e d  o u t  
using a s t a n d a r d  l i f e t i m e  s p e c t r o m e t e r .  osr t ron  s o u r c e  used was  '%a, i t  was  p repa red  
by evapora t ing  a n  aqueous  solu t ion  of 'NaCI on a t h in  Mylar f i lm a n d  then  c o v e r i n g  
i t  by a n o t h e r  s imi lar  f i lm. T h e  s o u r c e  sandwlch  was  s e a l e d  by pu t t i ng  i t  b e t w e e n  t w o  
c o n c e n t r i c  t ight ly  f i t t i n g  coppe r  rings. I t  w a s  t h e n  p laced in a specia l ly  des igned s a m p l e  
holder.  All t h e  m e a s u r e m e n t s  w e r e  pe r fo rmed  a s  a functiofl  of t e m p e r a t u r e .  T h e  t e m p e r a -  
t u r e  of t h e  s a m p l e  was  ma in t a ined  t h e r m o  t a t i c a l l y  t o  a cons t ancy  of iO.l°C. In e a c h  3 set of rneasurernent ,  a t o t a l  of a t  l e a s t  2x10 conrits  w e r e  co l l ec t ed .  

I<esults and discussion 

T h e  l i f e t i m e  s p e c t r a  r eco rded  w e r e  analysed using a s o f t w a r e ,  PC-PATFIT,  developed 
by f?iso Nat ional  Labora to ry ,  Denmark  [9J. Deta i l s  of t h e  p rocedure  a d o p t e d  a r e  descr i -  
bed e l s e w h e r e  [7]. All t h e  l i f e t i m e  s p e c t r a  could  be  resolved in to  t h r e e  componen t s .  
T h e  s h o r t e s t  componen t ,  ~1 , was  cons t r a ined  t o  0.125ns, t h e  p-Ps l i f e t ime .  T h e  in t e r -  
m e d i a t e  componen t ,  TZ , has been  a t t r i b u t e d  t o  t h e  annihi la t ion  of pos i t rons  w i th  e l ec -  
t rons  of t h e  med ium wi thou t  fo rming  any  bound s t a t e  w i th  them.  This  c o m p o n e n t  did 
n o t  exhibi t  a n y  ternperatu.re dependence  and  was  found t o  b e  insens i t ive  t o  any  s t r u c t u r a l  
changes  occu r r ing  in t h e  medium.  T h e  longes t  componen t ,  ~s ,is ,ascribed t o  t h e  pick-off 
annihi la t ion  of o-Ps wi th  e l e c t r o n s  bound t o  t h e  molecules  of t h e  surrounding medium: 
The  r e l a t i v e  in tens i ty ,  I , of t h i s  c o m p o n e n t  is, t he re fo re ,  propor t ional  t o  P s  f o r m a t i o n  
in t h e  medium.  Both  d j e s e  p a r a m e t e r s  exhibi t  cons ide rab le  t e m p e r a t u r e  dependence  
a n d  sens i t i v i ty  t o  t h e  s t r u c t u r a l  changes  t ak ing  p l ace  in t h e  medium.  

T h e  t e m p e r a t u r e  dependence  of t h e  p o s ~ t r o n  annihi la t ion  p a r a m e t e r s  T3 and  I j  in 
t h e  quenched  a n d  s low coo led  samples ,  a s  ob ta ined  in t h e  p re sen t  work,  a r e  shown 
in Figures  I and  2. F igu re  1 shows t h e  t e m p e r a t u r e  dependence  of r g  in t h e  t e m p e r a -  

I I t  I I t  ! It I t I t l F l t l  I I F 1 I 
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TEMPERATURE ( O C )  - 
Fig. 1 : T e m p e r a t u r e  dependence  of tj in 7CB ;--0--, quenched  sample ;  , h e a t i r ~ g  c y c l e  

of s low cooled  sample ;  A ,coolirlg cycle .  



t u r c  r ange  150-325K f o r  t h r e e  d i f f e r en t  s a m p l e s  of 7CB: (i) hea t ing  c y c l e  of t h e  s a m p l e  
p repa red  by quenching frorn t h e  n e m a t i c  phase  t o  t h e  liquid n i t rogen  t e m ~ e r a t ~ r e ,  
(ii) hea t ing  c y c l e  of t h e  s a m p l e  p repa red  by slow cool ing  f r o m  t h e  n e m a t i c  phase  , to 
a t e m p e r a t u r e  of - 150K a n d  (iii) cool ing  c y c l e  of t h e  s a m p l e  f r o m  isot ropic  liquid 
t o  - 150K. T h e  co r r e spond i r~g  t e m p e r a t u r e  dependence  ol  I 3  f o r  t h e s e  t h r e e  s a m p l e s  
is shown in F igu re  2. 

TEMPERATURE ("c) - 
Fig.  2 : Temperature d e p e n d e n c e  o f  I ; o,  quenched  sample ;  4 , hea t ing  c y c l e  of s low 

cooled  sample ;  8 , cool ing cyc?e. 

I t  is s e e n  f r o m  F i g u r e  1 t h a t  t h e  hea t ing  c y c l e  of t h e  slowly coo led  s a m p l e  exhibits .  
no  s ign  of t h e  fo rma t ion  of a glassy s t a t e .  In t h i s  state t h e  ~ 3  value  inc reases  l inear ly  
wi th  i nc reas ing  t e m p e r a t u r e  indica t ing  t h e  t h e r m a l  expansion of t h e  c r y s t a l  l a t t i ce .  
An a b r u p t  c h a n g e  in i t s  va lue  is  obse rved  at - 301K indica t ing  c rys t a l l i ne  solid t o  
n e m a t i c  t r ans fo rma t ion .  In t h e  cool ing  c y c l e  a l so  t h e  behaviour  of t h e  sarnple  is  s imi lar  
e x c e p t  t h a t  t h e  n e m a t i c  phase  exhibi t s  a supercool ing  by - 20K. T h e  t r ans i t i on  t e m p e r a -  
t u r e s  ob ta ined  f o r  var ious  t r ans i t i ons  a r e  in a g r e e m e n t  w i th  t h e  l i t e r a t u r e  r e p o r t e d  
values  [7,10,11). T h e  behaviour  of t h e s e  t w o  sarnples  vis-a-vis Ps  f o r m a t i o n  is  a l so  
s imi lar .  I t  is  s e e n  f r o m  F igu re  2 t h a t  in c a s e  of slowly coo led  sample ,  t h e  I j  va lue  
inc reases  m o r e  o r  less  l inear ly  w i th  t e m p e r a t u r e  and  begins t o  , i nc rease  f i r s t  gradual ly  
:at - 273K and  t h e n  ab rup t ly  a t  - 301K. The re  is  very  l i t t l e  f's f o r m a t i o n  in t h e  c rys t a l -  
l ine  solid phase ,  i t  is  found t o  i n c r e a s e  in t h e  n e m a t i c  phase.  T h e  behaviour  of t h e  
.sample quenched  f r o m  t h e  n e m a t i c  phase  is  obse rved  t o  b e  q u i t e  d i f f e r e n t  f r o m  t h a t  
of t h e  slowly cooled  sample .  The  t e m p e r a t u r e  dependence  of T , dur ing t h e  hea t ing  
c y c l e  of  t h e  quenched  s a m p l e  (Fig.1) exhibi t s  s o m e  in t e re s t i ng  f ea tu re s .  I t s  plot  in 
F i g u r e  1 c a n  b e  d iv ided i n t o  four  d i s t i n c t  regions  : (i) region I, ex t end ing  f r o m  150 
t o  200 K, (ii) region 11, f r o m  240 t o  263K, (iii) region 111, f r o m  263 t o  288K, and (iv) 
region I V ,  f r o m  288K onwards .  T h e  region I is  c h a r a c t e r i s e d  by fou r  well  def ined broad 
peaks  observed at 173, 195, 214 a n d  233K. I t  m a y  b e  r e m a r k e d  t h a t  t h e  .r3 plot  in 
th is  region when e x t r a p o l a t e d  t o  h igher  t e m p e r a t u r e s ,  near ly  app roaches  t h e  T, value  
in t h e  n e m a t i c  phase  f r o m - w h e r e  t h e  s a m p l e  was  quenched.  In region 11, t h e  r3  value  
exh ib i t s  t w o  m o r e  peaks  l o c a t e d  at 248 a n d  257K. In region 111, t h e  sys tern  exh ib i t s  
s o m e  kind of r e l axa t iona l  behaviour ,  indica t ing  a g lass  t rans i t ion  a t  - 268K. Beyond 
th is  t e rnpe ra tu re ,  it d e c r e a s e s  gradual ly  finally i l a t t e r ~ i r ~ g  o u t  a t  288I<, w h e r e  t h e  s ample  
has  corr,pletcly trar>sforrned t o  a c rys t a l l i ne  solid. A t  t c rnpe ra tu re s  beyond 288K i.e. 
rcgiorl I V ,  t h e  trarlsi t jon frorn c r y s t a l  t o  n e m a t i c  phase  is i nd i ca t ed  at 301K. 
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The  response  of quenched sample  towards  P s  formation IS seen In t h e  t e m p e r a t u r e  
dependence  o f  I , shown In F lgure  2. I t  IS different f r o m  t h e  b e h a v ~ o u r  of t h e  slow 
cooled sample .  ~? ,e  1) value  inc reases  more  o r  less  l ~ n e a r l y  up to  a t e m p e r a t u r e  of 243K 
and  then  begins t o  d e c r e a s e  gradually till ~t f ~ n a l l y  merges  wl th  t h e  I3 value  cha rac te r i -  
s t ~ c  of t h e  crystalline phase.  I t  may  f u r t h e r  b e  noted t h a t  t e m p e r a t u r e  dependence  
o f  I a t  low t e m p e r a t u r e s ,  when ex t r apo la t ed  t o  h ~ g h e r  t e m p e r a t u r e s ,  t ends  t o  m e r g e  3 
wi th  t h a t  In t h e  n e m a t i c  phase; a behavlour a lso  e x h ~ b l t e d  by . rs  . Both these  observa-  
t lons  ~ n d ~ c a t e  t h a t ,  on quenching, t h e  molecular  o rde r  of t h e  n e m a t l c  phase  g e t s  f rozen  
and  ~ n a i n t a ~ n e d  In t h e  glassy solld fo rmed  In t h ~ s  process.  

7CB is a l a rge  a s y m m e t r i c  polar molecule.  I t  has  a dipole m o m e n t  a t  a sma l l  angle  
to t h e  long rnofecular axis.  Hence,  a l a rge r  componen t  of t h e  d ipole  m o m e n t  l ies along. 
t h e  long molecular  axis  [12]. F u r t h e r ,  t h e  spa t i a l  s t r u c t u r e  of t h e  molecule  is  such 
t h a t  t h e  t w o  phenyl rings a r e  no t  in t h e  s a m e  plane. In t h e  liquid c rys t a l l i ne  or  n e m a t i c  
phase,  t h e  sys t em exhibi ts  a pa r t i a l  order ,  namely t h e  long range o r i en ta t iona l  order .  
Because  of t h e s e  specia l  f ea tu res ,  t h i s  c l a s s  of ma te r i a l s  exhibi ts  various kinds of mole- 
cu la r  mot ions  both in t ra-molecular  a s  well a s  co l l ec t ive  modes:Extensive work t o  s tudy  
such rnotions in 7CB has  been done  us'n FIR L3-51. A typical  FIK spef t ru in  of 7CB 
exhibi ts  a broad absorpt ion a t  100 c m ~ ' , ~ a  s h a r p  absorpt ion at 150 ~ r n -  and  a se r i e s  
of absorpt ions  around 180 cm-  . The  broad absorpt ion a t  100  cm-  is a t t r i b u t  d t o  F whole molecu le  tors ional  oscil lation. The  t w o  absorpt ions  at 160 and 180 c m -  a r e  
in t ra-molecular  in origin,  they r ep resen t  t w o  C-N modes  of d i f f e ren t  f r equenc ie s  which 
give  f luc tua t ing  dip  l e  componen t s  normal  t o  t h e  long axis. The  absorpt ions  observed 
a t  I50 and  175  c m - P  have  been a t t r i b u t e d  t o  co l l ec t ive  modes  ar is ing o u t  of t h e  p a r t i d  
order ing in liquid c r y s t a l  [13]. The  ex tended  moleculer  order  in ,  t h e s e  s y s t e m s  provides 
t h e  possibil i ty of long r ange  coupling and ex i s t ence  of t h e s e  co l l ec t ive  modes. These  
modes  d o  n o t  coincide  wi th  t h e  phonon modes  p resen t  in solids. 

Now coming  t o  t h e  response  of t h e  quenched s a m p l e  t o  positron annihi la t ion measure-  
men t s ,  i t  m a y  be  noted t h a t  P s  fo rma t ion  in th i s  s ample  is  higher than  t h a t  in t h e  
slow cooled sample .  This indicates  t h a t  t h e  quenched s a m p l e  has  l a rge r  f r e e  volume 
o r  g r e a t e r  avai labi l i ty  of void s p a c e  where  P s  fo rma t ion  c a n  t a k e  place .  In t h e  glassy 
s t a t e ,  normal ly  a l l  molecular  mot ions  a r e  e x p e c t e d  t o  be  f rozen  t i l l  t h e  ma te r i a l  is 
h e a t e d  up to  Tg. However ,  t h e  avai labi l i ty  of f r e e  volume arid voids, a s  demons t r a t ed  
by higher I values in th i s  s a m p l e  c a n  m a k e  whole molecular  motions possible e v e n  
below t h e  a a s s  t rans i t ion 7 . The  t e m p e r a t u r e  dependence  exhibi ted  by T 3  r evea l s  
t h e  e x i s t e n c e  of such molecglar  motions.  As t h e  quenched s a m p l e  is gradually hea ted ,  
d i f f e ren t  possible modes  g e t  e x c i t e d  a t  t e m p e r a t u r e s  corresponding t o  the i r  cha rac te r i -  
s t i c  f requencies .  These  mot ions  a r e  picked up by o-Ps annihi la t ing in t h e  s y s t e m  and 
a r e  r e f l ec t ed  in t h e  behaviour of ~3 . The t e m p e r a t u r e s  corresponding t o  various broad 
peaks  obse rved  (Fig. I )  and  t h e  w a v e  numbers  of t h e  corresponding molecular  mot ions  
a r e  given in Table  I. In the .  range of t e m p e r a t u r e s  considered,  t h e  molecules  can  e x e c u t e  
s o m e  tors ional  mot ions  only,  t h e  ro t a t iona l  and vibra t ional  rnodes r equ i re  much l a rge r  
energy and hence  occur  at higher t empera tu res .  I t  is  s een  f r o m  Tab le  I t h a t  t h e  wave  
numbers  fo r  rnodes corresponding t o  t e m p e r a t u r e s  214, 233, 248 and 257K a g r e e  c lose  y 

- i with those  observed in FIR s p e c t r a ,  namely at w a v e  numbers  150,. 160, 175  and 180cm . 
O u t  of these ,  t h e  modes  corresponding,  t o  t e rnpe ra tu res  a t  214 and 248K a r e  due  t o  
t h e  co l l ec t ive  rnodes ar is ing o u t  of t h e  long r ange  o r i en ta t iona l  o rde r  of t h e  n e m a t i c  
phase  [5]. In a s tudy  m a d e  by Evans and Evans  [4] on  seve ra l  r e l a t ed  compounds, i t  
has  been shown t h a t  a tors ional  mode  could a r i se  a t  - l l ~ c m - ~  d u e  t o  s o m e  re l a t ive  
movement  of t h e  phenyl rings wi h r e s p e c t  t o  e a c h  o the r .  In t h e  p resen t  work, t h e  
peak obse rved  a t  176K o r  122cm -I m a y  be  a t t r i b u t e d  t o  this kind of molecular  motion. 
As r ega rds  t h e  mode corresponding t o  t h e  peak observed a t  195K, i t  c o ~ ~ l d  possibly 
a r i s e  i rorn  t h e  tors ional  m.otion o f  t h e  whole rnolecule abou t  t h e  long nlolecular axis.  
Evidence i o r  this kind of mot ion has  been obta ined frorri FIR s tudies  in dipolar ~ n o l e c  l e s  
114-171. As ment ioned ea r l i e r ,  in t h e  FIR s p e c t r a  [i] ,  t h e  broad peak a t  IOOcm-' is  
ascr ibed t o  th i s  kind of motion. In t h e  p resen t  con tex t ,  a s  t h e  molecules  a r e  ernbedded 
in highly viscous surroundings,  th is  kind of mot ion is likely t o  g e t  h indered and ,  there;  
fore ,  rnight r equ i re  a higher energy.  Due  to this,  t h e  corresponding mode  might  b 
observed a t  a higher w a v e  number.  Based on -this logic,  t h e  peak at 195K or  l36cm-  f 
could b e  a t t r i b u t e d  t o  t h e  torsional mot ion of t h e  whole molecute  abou t  t h e  long axis.  



T a b l e  I : Molecular  modes  exh ib i t ed  by 7CR molecules a s  observed in t h e  p r e s e n t  work.  

S.No. P e a k  Temp.  
(K)  

Wave n u y b e r  
( c m  I )  

Natcrrc of ntotion 

176 122 R e l a t i v e  tors ional  mot ion 

b e t w e e n  t h e  t w o  phenyl r lngs 

Torsional mot lon of whole  

mo lecu le  a b o u t  long ax l s  

C o l l e c t l v e  m o d e  

C-N torsional mode  

C o l l e c t l v e  mode  

C-N to r - s~ona l  lnocie 

I t  is s een  in F igu re  2 t h a t  t h e  t e m p e r a t u r e  dependence  of I3 undergoes  a marked  c h a n g e  
a t  - 243K, t h e  onse t  of region 11. I t  f a l l s  s t eep ly  wi th  i n c r e a s ~ n g  t e m p e r a t u r e  indica t ing  
a d e c r e a s e  in t h e  f r e e  vo lume  ava i l ab l e  in t h e  s y s t e m .  This  could  a r i s e  d u e  l o  (i) a 
d e c r e a s e  in t h e  s i z e  of voids, (ii) a d e c r e a s e  in t h e i r  nurnber,  o r  (iii) both .  The nea r  
constarlcy of t h e  a v e r a g e  va lue  of T~ in th is  region,  however ,  i nd i ca t e s  t h a t  t h e  size 
of voids is n o t  much  changed ,  and  i t  is  r a t h e r  t h e  nurnber of voids which dec reases .  
This col lapse  of t h e  f r e e  vo lume  o r  t h e  number  of voids is, perhaps ,  a resul t  of break-  
down of s o m e  molecular  o r d e r  c h a r a c t e r i s t i c  of t h e  n e m a t i c  phase  - a s  is  indica ted  
by t h e  charige in t h e  s lopes  of and  I p lo ts  a w a y  frorn t end ing  t o  t h e  n e m a t i c  phase.  3 This o rde r  is a sc r ibed  t o  t h e  ant i -para l le l  b imo lecu la r  associa t ion  [18,19] commonly  
o c c u r r e d  irl th is  t y p e  o f .  s t rongiy  d ipolar  mo lecu le s  (dipole m o m e n t  of 7CB,  4.3313). 
Such an  a s soc i a t ion  is e x p e c t e d  t o  g e t  d issocia ted  a t  s o m e  s t a g e  of t h e  hea t ing  process  
b c l o r e  t h e  saritple ac-tually t r ans fo rms  in to  a crystall ir ie solid. T h e  tt~resholcf ene rgy  
o i  th is  process  is t hen  provided by t h e  t h e r m a l  ene rgy  corresponding t o  t h e  t c rnpe ra tu re ,  - 243K, t h e  o n s e t  of t h e  region 11. Equa t ing  th i s  t o  t h e  i n t e r ac t ion  ene rgy  of t w o  sho r t  
d ipoles  e a c h  Ihaving a d ipoie  mornent  p s e p a r a t e d  by a d i s t ance  r ,  w e  g e t  t h e  s epa ra t ion  
b e t w e e n  t h e  d ipoles  a s  8 A. This is  of t h e  o rde r  of t h e  s i ze  of phenyl r ing  and  is  q u i t e  
e x p e c t e d  a s  i t  is  also,  in t u rn ,  t h e  o rde r  of magn i tude  of t h e  n e a r e s t  possible i n t e r ac t ion  
of t h e  t w o  molecules  which a r e  supposed t o  b e  individually undergoing tors ional  oscil la-  
tion. 

T h e  p re sen t  work de rnons t r a t e s  t h e  usefulness  of pos i t ron  l i f e t i m e  spec t roscopy  in t h e  
s tudy  of cornplcx molecular motions.  T h e  resul ts  ob ta ined  frorn th is  t c c h n i q i ~ r  a g r e e  
wi th  t hose  ob ta ined  f r o m  FIR and d i e l e c t r i c  r e l axa t ion  s tudies .  
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