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RAMAN SCATTERING STUDY OF FLUIDLIKE MOLECULAR 
DYNAMICS I N  A SMECTIC-B L I Q U I D  CRYSTAL 

S. K. HARK and J. T. HO 
Department of Phys ics  and Astronomy, S t a t e  
Un ive r s i ty  of New York a t  Buffalo,  Amherst, 
New York 14260, U.S.A. 

(Submitted for p u b l i c a t i o n  8 October 1979)  

ABSTRACT - A Raman s c a t t e r i n g  s tudy  has  been made i n  
N-( p-bu toxybenzylidene) -p-n-oc t y l a n i l i n e  . 
changes i n  t h e  i n t e n s i t y  r a t i o s  near  frequency s h i f t s  
of 1200 and 1600 cm-1 occur a t  t h e  s o l i d  t o  smectic-B 
t r a n s i t i o n ,  wi th  no f u r t h e r  changes upon hea t ing  t o  
t h e  i s o t r o p i c  l i q u i d .  The r e s u l t s  suggest  t h e  
smectic-B phase a l r e a d y  e x h i b i t s  completely f l u i d l i k e  
dynamics of t h e  c e n t r a l  molecular  co re .  

Sharp 

The n a t u r e  of t h e  h igh ly  ordered smectic-B l i q u i d  
c r y s t a l  has  been a s u b j e c t  of cons ide rab le  specu la t ion  
(1-4). Addi t iona l  i n t e r e s t  has  been generated r e c e n t l y  by 
i t s  p o s s i b l e  re levance  t o  t h e  theory of two-dimensional 
mel t ing  (5) .  Most experimental  s t u d i e s  have been focussed 
on t h e  s o l i d l i k e  f e a t u r e s  of t h e  smectic-B phase and i t s  
d i s t i n c t i o n  from t h e  h igher  temperature  l i q u i d  c r y s t a l  and 
l i q u i d  phases (6 ,7 ) .  I n  o rde r  t o  provide  adequate  
information t o  c o n s t r u c t  a r e a l i s t i c  model f o r  t h e  
smectic-B phase,  i t  is a l s o  important  t o  e l u c i d a t e  a l l  i t s  
f l u i d l i k e  molecular  p r o p e r t i e s ,  namely, those  p r o p e r t i e s  
which undergo a major change a t  t h e  s o l i d  t o  smectic-B (SB) 
t r a n s i t i o n  and which remain e s s e n t i a l l y  unchanged upon 
f u r t h e r  hea t ing  t o  t h e  i s o t r o p i c  l i q u i d .  
i n  t h i s  d i r e c t i o n  have been s p i n  l a b e l  (8) and volumetr ic  
(9) experiments which show a mel t ing  of t he  a l i p h a t i c  
cha ins  a t  t h e  SB t r a n s i t i o n .  We r e p o r t  h e r e  t h e  r e s u l t s  of 
a Raman s c a t t e r i n g  s tudy near  t h e  SB t r a n s i t i o n  which has  
revea led  a d d i t i o n a l  f l u i d l i k e  molecular p r o p e r t i e s  of t he  
smectic-B phase. 

The only  s t u d i e s  

Raman s c a t t e r i n g  has  been shown t o  be a u s e f u l  probe 
of l i q u i d  c r y s t a l  phase t r a n s i t i o n s  (10) .  Most work has  
been done on nematics and r e l a t i v e l y  l i t t l e  on t h e  smect ic  
phases (11-14). D i f f i c u l t y  sometimes arises i n  t h e  
i n t e r p r e t a t i o n  of low frequency in te rmolecular  modes. 
Raman experiments on t h e  h igh ly  ordered smect ic  phases  have 
been performed almost  exc lus ive ly  on te rephtha l -b is -buty l -  
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a n i l i n e  (TBBA), wi th  emphasis on the  low temperature  
phases  and on t h e  low frequency s p e c t r a  (15-18). The 
complicated phase diagram of TBBA, wh i l e  i n t e r e s t i n g ,  
i n t roduces  a d d i t i o n a l  experimental  compl.exity. Furthermore,  
i ts  h igh  t r a n s i t i o n  temperature  makes i t  extremely 
s u s c e p t i b l e  t o  sample degrada t ion ,  t hus  a f f e c t i n g  t h e  
cons is tency  of t h e  r e s u l t s .  W e  have chosen t o  s tudy  t h e  
in t ramolecular  modes of known assignment i n  N-(p-butoxy- 
benzy1idene)-p-n-octylaniline (40.8) ,  a s impler  compound 
which has  a d i r e c t  SB t r a n s i t i o n  a t  36OC. 

Our supply of 40.8 w a s  obtained from CPAC, Inc .  Raman 
s p e c t r a  were taken wi th  a Spex 14018 double  monochromator 
a t  3 cm-l r e s o l u t i o n .  The l i g h t  source  w a s  an  argon ion  
laser ope ra t ing  wi th  a power of 20 mW a t  a wavelength of 
514.5 nm. Samples were contained i n  sea l ed  c a p i l l a r y  
tubes.  The sample temperature  w a s  c o n t r o l l e d  thermo- 
e l e c t r i c a l l y  t o  a s t a b i l i t y  of 0.1OC. Cons is ten t  s p e c t r a  
were obta ined  even a f t e r  repea ted  thermal cyc l ing  , showing 
no evidence of sample degrada t ion .  A l l  s p e c t r a  r epor t ed  
h e r e  were taken wi th  inc reas ing  temperature  s t a r t i n g  wi th  
t h e  s o l i d  phase.  Upon coo l ing ,  t h e  smectic-B phase super-  
cools .  The s o l i d  obta ined  a t  low temperatures  gave s p e c t r a  
i d e n t i c a l  t o  those  of t h e  o r i g i n a l  s o l i d .  We w i l l  concen- 
t r a t e  our d i s c u s s i o n  on changes i n  t h e  r e l a t i v e  peak 
i n t e n s i t y  of s e v e r a l  prominent ad jacen t  bands.  This  s imple 
approach is adequate  s i n c e  our main o b j e c t i v e  i s  t o  examine 
whether t h e  s p e c t r a l  f e a t u r e s  i n  t h e  smectic-B phase are 
s o l i d l i k e  o r  f l u i d l i k e .  

The r e l a t i v e  i n t e n s i t i e s  of t h e  ad jacen t  bands a t  
1173 and 1200 c m - I  undergo a d r a s t i c  change a t  t h e  SB 
t r a n s i t i o n .  The r a t i o  of t h e  1173 cm-l peak i n t e n s i t y  t o  
t h e  1200 cm-l peak i n t e n s i t y  drops  from almost 4 t o  2 .  
d e t a i l e d  temperature  dependence of t h i s  r a t i o  is shown i n  
F igure  1. I t  can be seen t h a t  t he  major change occurs  a t  
t he  SB t r a n s i t i o n  and t h e  r a t i o  remains e s s e n t i a l l y  t h e  
same through t h e  h igher  temperature  phases a l l  t he  way t o  
t h e  i s o t r o p i c  l i q u i d .  The smectic-B phase thus  has  t h e  
completely f l u i d l i k e  molecular  conformation cha rac t e r i zed  
by t h e s e  v i b r a t i o n a l  bands. 

The 

S imi l a r ly ,  t h e  peak i n t e n s i t i e s  of t h e  ad jacen t  bands 
a t  1574, 1600 and 1627 em-' show i n t e r e s t i n g  r e l a t i v e  
changes.  I n  t h e  s o l i d ,  t h e  f i r s t  two bands have almost 
i d e n t i c a l  peak i n t e n s i t y .  Upon e n t e r i n g  t h e  smectic-B 
phase,  t h e  1574 cm-' i n t e n s i t y  decreases  by a f a c t o r  of 2 
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FIGURE 1. 
t o  t h e  1200 cm-I  band i n  t h e  s o l i d  ( S ) ,  smectic-B ( B ) ,  
smectic-A (A),  nema t i c  (N)  and i s o t r o p i c  ( I )  phases  of  
4 0 . 8 .  

R a t i o  of peak i n t e n s i t y  of t h e  1173 c m - l  

FIGURE 2 .  
t o  t h e  1600 c m - l  band from t h e  s o l i d  t o  t h e  i s o t r o p i c  
l i q u i d  i n  4 0 . 8 .  

R a t i o  of peak i n t e n s i t y  of the 1574 cm-' 
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r e l a t i v e  t o  the  1600 cm-l i n t e n s i t y .  F igure  2 shows t h e  
temperature  dependence of t h e  peak i n t e n s i t y  r a t i o  of t hese  
two bands.  Again the  major change t akes  p l a c e  a t  t h e  SB 
t r a n s i t i o n ,  and the  smectic-B phase e x h i b i t s  t h e  s p e c t r a l  
f e a t u r e  t h a t  c h a r a c t e r i z e s  t h e  i s o t r o p i c  l i q u i d .  

S .  K. HARK and J .  T. H0 

Comparisons of t h e  s p e c t r a  from r e l a t e d  compounds have 
suggested t h a t  t he  bands a t  1173, 1200, 1574 and 1600 cm-I 
a r e  a s soc ia t ed  wi th  v i b r a t i o n s  i n  t h e  c e n t r a l  c o r e  of 
S c h i f f ' s  base l i q u i d  c r y s t a l s  (19,20). This i d e n t i f i c a t i o n  
has  been f u r t h e r  s u b s t a n t i a t e d  i n  TBBA by s tudying  s p e c t r a l  
changes i n  molecules deu te ra t ed  i n  t h e  cen te r  (18) .  The 
dramatic  changes w e  have observed i n  both  t h e  1200 cm-l and 
1600 cm-I reg ions  imply major changes i n  t h e  molecular 
dynamics connected wi th  t h e  c e n t r a l  l i nkage  a t  t h e  SB 
t r a n s i t i o n .  One p o s s i b l e  motion involved i s  a r o t a t i o n  of 
t h e  aromatic  r i n g s  wi th  r e s p e c t  t o  each o t h e r .  Such a 
conformation has  been suggested t o  e x i s t  i n  t he  smectic-H 
phase of TBBA on t h e  b a s i s  of deuter ium magnetic resonance 
(7,21,22) and Raman (18) d a t a .  There may a l s o  be a change 
i n  the  v i b r a t i o n a l  r e l a x a t i o n  processes ,  a s  evidenced by a 
r e c e n t  Raman l i n e  shape s tudy  i n  4-cyano-4 '-octyoxybi- 
phenyl (23) .  The onse t  of molecular r o t a t i o n s  about t h e  
long a x i s  i s  a t h i r d  p o s s i b i l i t y .  While i t  i s  no t  c l e a r  
which is  t h e  dominant process  i n  40.8,  our obse rva t ion  of 
sharp  s p e c t r a l  changes a t  t he  SB t r a n s i t i o n  i n  both t h e  
1200 cm-1 and 1600 cm-1 r eg ions  wi th  no f u r t h e r  changes 
tak ing  p l ace  a l l  t h e  way t o  t h e  i s o t r o p i c  l i q u i d  provides  
evidence t h a t  t h e  molecular  dynamics of t h e  c e n t r a l  core  i n  
t h e  smectic-B phase are  a l r eady  completely f l u i d l i k e .  

It has  been suggested t h a t ,  i n  analogy t o  the  hexa t i c  
phase appearing i n  t h e  theory  of dis locat ion-mediated 
mel t ing  i n  two dimensions (5),  t h e  bulk  smectic-B phase has  
long-range bond o r i e n t a t i o n a l  o rde r  bu t  exponent ia l ly-  
decaying p o s i t i o n a l  co r re l a t ions ,  ( 3 ) .  The long-range 
p o s i t i o n a l  o rde r  found r e c e n t l y  i n  X-ray s t u d i e s  of t h i c k  
smectic-B f i l m s  suggests t h i s  p i c t u r e  t o  be i n c o r r e c t ,  a t  
l e a s t  f o r  40.8 (24) .  This  raises f u r t h e r  ques t ions  about 
what t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  of t h e  smectic-B phase 
are  t h a t  d i s t i n g u i s h  i t  from t h e  s o l i d .  Our Raman 
s c a t t e r i n g  s tudy has  provided new i n s i g h t  i n t o  f l u i d l i k e  
molecular  p r o p e r t i e s  of t h e  smectic-B l i q u i d  c r y s t a l  which 
should be  taken i n t o  account i n  any t h e o r e t i c a l  model. 

We would l i k e  t o  thank J .  M .  Schnur f o r  h e l p f u l  
d i scuss ions .  This  work w a s  supported i n  p a r t  by t h e  
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