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A COMPOUND EXHIBITING A CRYSTAL B 1'0 HEXATIC B PHASE 
CHANGE 

JW GOODBY 
Eel2 Laboratories ,  Murray H i l l ,  NJ 07974, USA 

(Submitted f o r  publ ica t ion:  17th. June 1981)  

Abstract:  Recent s t u d i e s  have shown t h a t  t h e  smect ic  B 
phase can e x h i b i t  two b a s i c  s t r u c t u r a l  forms,  namely t h e  
h e x a t i c  B and t h e  c r y s t a l  B m o d i f i c a t i o n s .  Furthermore,  
a t r a n s i t i o n  between t h e  two phases  h a s  been shown t o  
occur  i n  c e r t a i n  b i n a r y  mix tu res .  T h i s  p r e s e n t  s t u d y  
demons t r a t e s  t h a t  a p u r e  compound i s  a l s o  capable  of 
e x h i b i t i n g  such a phase  t r a n s i t i o n ,  t h u s  i n d i c a t i n g  t h a t  
the two B m o d i f i c a t i o n s  have s e p a r a t e  i d e n t i t i e s .  

In troduct ion  

The s m e c t i c  B phase  h a s  b e e n  shown t o  e x h i b i t  two b a s i c  
s t r u c t u r a l  f o r m s , 1 7 2 y 3  the h e x a t i c  B and c r y s t a l  B phases .  
I n  the  c r y s t a l  B phase t h e  o r d e r i n g  of t h e  molecules w i t h i n  
t h e  l a y e r s  (hexagonal)  and between t h e  l a y e r s  i s  long-range,  
w h i l s t  i n  t he  h e x a t i c  B phase t h e r e  i s  v e r y  l i t t l e  l a y e r  
c o r r e l a t i o n  and t h e  in -p lane  hexagonal ,  p o s i t i o n a l  o r d e r i n g  
ex tends  on ly  o v e r  a d i s t a n c e  of 100-200 A .  
s t u d i e s  i n v o l v i n g  h e x a t i c  B and c r y s t a l  B phases  have r e v e a l e d  
t h a t  a t r a n s i t i o n ,  o b s e r v a b l e  by X-ray d i f f r a c t i o n ,  can occur  
between t h e  t w o  phases  i n  c e r t a i n  b i n a r y  mix tu res .& 
f a c t  i n d i c a t e s  t h a t  t h e  two phases  have s e p a r a t e  i d e n t i t i e s  
and t h e r e f o r e  shou ld  be  of d i f f e r e n t  m i s c i b i l i t y  groups.  

However, i n  a r e c e n t  s t u d y  by P o e t i  e t  a l .  a m a t e r i a l  was 
d i s c l o s e d  t h a t  e x h i b i t e d  f o u r  smec t i c  phases  and a nematic  
phase.  The a u t h o r s  a l though  d e c l i n i n g  t o  c a t e g o r i s e  t h e  
s m e c t i c  phases ,  i n d i c a t e d  t h a t  t h e r e  were no a p p r e c i a b l e  
changes i n  the  mic roscop ic  t e x t u r e s  a t  the  phase t r a n s i t i o n s  

M i s c i b i l i t y  
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96 J.  W. GOODBY 

between the  t h r e e  h igher  temperature smect ic  phases.  A s  these  
t h r e e  phases e x h i b i t  only focal-conic  and homeotropic t ex tu res  
t h e  mate r i  a1 , 4-p rop iony l-4 ' -n-hep t anoy 1 oxy az ob enzene , 
warranted f u r t h e r  i n v e s t i g a t i o n  i n  o rde r  t o  a s c e r t a i n  the 
r e l a t i o n s h i p  between these phases and the h e x a t i c  B-crystal  B 
phenomenon. 

Results and Discussion 

The compound 4-p rop iony 1-4 ' -n-hep t anoy loxy azob enzene 

w a s  synthes ised  and found t o  have the  fol lowing t r a n s i t i o n  
t emp e r a t  ure s 

I N SA - S1 - S p  - c r y s t a l  ( S 3 )  mp 
142.5 141.7 90.3 86 76.5 92 

i n  agreement wi th  those  repor ted  previous ly .  The l a s t  phase 
ind ica t ed  by P o e t i  e t  aZ. as  5 3  i s  i n  f a c t  r e c r y s t a l l i s a t i o n  
occurr ing .  The microscopic  t e x t u r a l  p a t t e r n  of t h e  c r y s t a l  
r e t a i n s  some c h a r a c t e r i s t i c s  of t h e  preceding phase S p y  i e ,  a 
broken foca l -conic  t e x t u r e  appears t o  b e  adopted by the  
c r y s t a l .  Thus, the  e s t e r  only e x h i b i t s  t h r e e  smect ic  
mesophases; however, a l l  of these  phases show unbroken focal-  
conic  fan  and homeotropic t ex tu res .  The th ree  phases a l s o  
e x h i b i t e d  p o s i t i v e  u n i a x i a l  i n t e r f e r e n c e  f i g u r e s  ind ica t ing  
t h a t  the phases could only be of t h e  A ,  h e x a t i c  B o r  c r y s t a l  
B types.  

Microscopic observa t ions  of the t e x t u r e s  formed by t h i s  
compound show t h a t  a nematic phase sepa ra t e s  i n  i t s  sch l i e ren  
t ex tu re  on cool ing the  i s o t r o p i c  l i q u i d .  Fu r the r  cooling 
produces a t r a n s i t i o n  t o  a smect ic  A phase cha rac t e r i s ed  by 
i t s  focal-conic  and homeotropic t ex tu res .  The homeotropic 
t ex tu re  is r e t a i n e d  on subsequent cool ing  through t o  the  S 1  
and S 2  phases.  The focal-conic  t e x t u r e ,  however, does show 
some very smal l  and i l l -de f ined  changes a t  t h e  t r a n s i t i o n s  
from the  A phase t o  S 1  and from S 1  t o  S p .  The f a n  t ex tu re  
becomes less l i n e d  a t  each t r a n s i t i o n  wi th  t h e  r a d i a l  l i n e s  
and p a r a b o l i c  f ocal-conic de fec t s  a s soc ia t ed  wi th  the focal-  
conic  domains of the  A phase being reduced i n  number a t  each 
t r a n s i t i o n .  Thus S 3  e x h i b i t s  a very c l e a r ,  unblemished 
focal-conic  f a n  t e x t u r e  wi th  few d e f e c t s ,  w h i l s t  t h e  SA phase 
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CRYSTAL B TO HEXATIC B PHASE CHANGE 97 

has a l a r g e r  number of t h e s e  de fec t s .  However, cool ing and 
rehea t ing  of t h e  sample g ives  more pronounced changes i n  the 
de fec t s  p a r t i c u l a r l y  f o r  t h e  A phase,  which shows a g r e a t e r  
number of d e f e c t s  on r ehea t ing  due t o  the  paramorphic 
c o n s t r a i n t s  of t h e  prev ious  phase. 

D i f f e r e n t i a l  scanning ca lor imet ry  confirms t h e  microscopic  
observa t ion  t h a t  f i v e  t r a n s i t i o n s  do occur on cool ing;  
Figure 1 shows the  h e a t i n g  and cool ing t r a c e s  f o r  the azo- 
e s t e r .  The upper trace shows the  f i r s t  hea t ing  cyc le ;  t he  
l a r g e s t  peak i n d i c a t e s  t he  mel t ing  of t he  m a t e r i a l  d i r e c t l y  
t o  t h e  SA phase. The cool ing  cycle  shown below d e p i c t s  f i v e  
enthalpy changes, w i th  two extra phase t r a n s i t i o n s  occurr ing  
below the  o r i g i n a l  mel t ing  po in t .  These changes are f o r  t he  
SA t o  S 1  and S1 t o  S2  t r a n s i t i o n s .  

.N-l 

/ 

I Cooling 

FIGURE I: 
f o r  4-propiony l-4 '-n-heptanoy Zoxgazobenzene 

The DSC heating and cooling cyc les  

I n  o rde r  t o  a s c e r t a i n  the  na tu re  of t he  phase types of the 
azo-ester  m i s c i b i l i t y  s t u d i e s  were c a r r i e d  out  us ing  s tandard  
ma te r i a l s .  A s  no m a t e r i a l  is ava i l ab le  t h a t  e x h i b i t s  both 
hexa t i c  and c r y s t a l  B phases ,  two m i s c i b i l i t y  s t u d i e s  were 
c a r r i e d  out  us ing  two s tandard  ma te r i a l s  which e x h i b i t  d i f f e r e n t  
B modi f ica t ions  , n-hexyl 4'-n-pentyloxybiphenyl-4-carboxylate 
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98 J. W. COODBY 

(650BC, A ,  h e x a t i c  B y  and E phases) '  and N-(4'-n-butyloxy- 
benzylidene)-4-n-octylaniline (40.8,  N ,  A ,  and c r y s t a l  B 
phases ) .  The m i s c i b i l i t y  diagrams of s t a t e  f o r  b ina ry  
mixtures  involv ing  the  azo-ester  and the  two r e fe rence  
compounds are shown back-to-back i n  F igure  2. The lef t -hand 
m i s c i b i l i t y  f i g u r e  c l e a r l y  shows t h a t  the  c r y s t a l  B phase of 
40.8 i s  misc ib l e  wi th  t h e  S 2  phase of t h e  azo-ester .  The 
azo-compound i s  a l s o  shown t o  e x h i b i t  nematic  and smect ic  A 
phases  as w e l l .  The right-hand m i s c i b i l i t y  f i g u r e  involv ing  
mixtures  of the azo-es te r  and 650BC shows t h a t  t h e  S 1  phase 
i s  of t he  h e x a t i c  type.  The S 1  t o  S 2  phase t r a n s i t i o n  
temperatures  f a l l  away wi th  an i n c r e a s i n g  p ropor t ion  of 
650BC i n  t h e  mixture .  
a l s o  f a l l  away on inc reas ing  the  p ropor t ion  of t h e  azo-ester  
i n  t h e  mixture  wi th  650BC i n d i c a t i n g  t h a t  t he  e s t e r  i s  
u n l i k e l y  t o  e x h i b i t  SE p rope r t i e s .  

The SB t o  SE t r a n s i t i o n  temperatures  

FIGURE 2.- 
4-propiony 1-4 'rr-heptanoyloxyazobenzenene w i t h  40.8 
f left-hand side) and 650BC (right-hand side) 

Miscibi l i ty  diagrams of s ta te  for  

The c l e a r  band of h e x a t i c  B phase occur r ing  through the  
c e n t r a l  p o r t i o n  of t he  combined f i g u r e s  p lus  t h e  c r y s t a l  B 
phase be ing  formed on cool ing  t h i s  phase i n d i c a t e s  t h a t  t he  
azo-ester  e x h i b i t s  N ,  A ,  h e x a t i c  B y  and c r y s t a l  B phases .  
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CRYSTAL B TO HEXATIC B PHASE CHANGE 99 

Attempts  t o  conf i n n  t h e s e  o b s e r v a t i o n s  by s t r u c t u r a l  a n a l y s i s  
u s i n g  X-ray d i f f r a c t i o n  t echn iques  f a i l e d  because of 
r e c r y s t a l l i s a t i o n  of t h e  sample.  However, the o x i d i s e d  
compound, 4-propionyl-4' -n-heptanoyloxyazoxybenzene w a s  
found t o  e x h i b i t  a similar phase sequence t o  t h e  azo compound, 
bu t  it a l s o  e x h i b i t s  a s m e t t i c  E phase  below S p  on coo l ing .  

ConcZusion 

The compound 4-p r o p  iony  l- 4 ' -n-hep t anoy loxy azobenzene w a s  
found t o  e x h i b i t  a N ,  A ,  h e x a t i c  B, c r y s t a l  B phase sequence 
i n d i c a t i n g  t h a t  t h e  two B phases  have s e p a r a t e  i d e n t i t i e s  and 
shou ld  n o t  s h a r e  t h e  same m i s c i b i l i t y  c o d e - l e t t e r .  
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