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OBSERVATION OF A SMECTIC A - SMECTIC A 
TRANSITION AT HIGH PRESSURES: OPTICAL 
MICROSCOPY AND DTA STUDIES ON 60PDOB 

R.SHASHIDHAR", J.HERRMA" and H.D.KLEINHANS 
Department of Chemistry, Physical Chemistry 
Laboratory, University of Bochum, 
4630 Bochum 1, FRG 

(Submitted for publication October 29, 1981)  

ABSTRACT. On the basis of DTA and textural 
studies at high pressure we report here the 
observation of a smectic A - smectic A 
transition at pressures exceeding 2.2 kbar 
in 4-n-hexyloxyphenyl-4'-n-decyloxybenzoate. 

INTRODUCTION While studying the pressure - 
temperature diagram of 4-n-hexyloxyphenyl-4'-n- 
decyloxybenzoate (60PDOB) two pressure induced 
phases were observed, one above 1 .4  kbar and the 
other above 2.2 kbar . Preliminary DTA studies 
indicated that the phase at lower pressures is a 
pressure induced solid phase while that at higher 
pressures is a pressure induced mesophase. The 
question arose as to what could be this mesophase 
which exists below the smectic A phase in the P-T 
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178 R. SHASHIDHAR, J. HERRMANN and €1. D. KLEINHANS 

plane  and which is  n o t  t h e  s m e c t i c  C phase e i t h e r .  
I t  w a s  conjec tured  t h a t  t h i s  could be another  
form of t h e  smectic A phase. T o  i d e n t i f y  t h i s  

phase w e  have s t u d i e d  by optical  microscopy a t  

high p res su res  t h e  t e x t u r e s  e x h i b i t e d  by t h e  

var ious  phases.  A l s o ,  w e  have c a r r i e d  o u t  some 

high s e n s i t i v i t y  DTA experiments t o  determine 

t h e  e x a c t  p re s su re  a t  which t h e  p re s su re  induced 
mesophase starts appearing. 

EXPERIMENTAL The o p t i c a l  microscopy s t u d i e s  

w e r e  made using an opposed diamond a n v i l  c e l l  
and a p o l a r i z i n g  microscope (Ortholux, L e i t z ,  

Germany). The c e l l  i s  e s s e n t i a l l y  s i m i l a r  t o  

t h a t  developed by Piermar in i  and Block2 a t  t h e  

Nat iona l  Bureau of Standards,  Washington. I t  may 

be r e c a l l e d  t h a t  a diamond a n v i l  c e l l  has  been 
used earlier f o r  X-ray and o p t i c a l  t ransmission 
s t u d i e s  on l i q u i d  c r y s t a l s  a t  high p res su res  3,4 . 
I n  these  experiments a r a t h e r  t h i c k  ( 3  1 mm) 
aluminium gasket w a s  used, while  i n  t h e  p re sen t  

s tudy w e  have used, t o  g e t  good t e x t u r e s ,  a 
0.1 mm t h i c k  gaske t  made of hardened steel. (See 
r e fe rences  5 and 6 f o r  d e t a i l s  concerning t h e  
cons t ruc t ion  of t h e  ce l l  as well as t h e  pressure  

c a l i b r a t i o n  procedure used ) .  I n  t h e  case of t h e  

DTA experiments t h e  sample w a s  s ea l ed  i n  an 

indium capsule  . 7 

RESULTS Figure 1 shows t h e  P-T diagram of 
60PDOB'. The p res su re  induced mesophase i s  
designated as Sx i n  t h e  f i g u r e .  
f o r  f u r t h e r  d e s c r i p t i o n s  of t h i s  diagram). The 

(See r e fe rence  1 
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A-A TRANSITION UNDER PRESSURE 179 

I 1 I I 
500 1500 2500 300 ’ 

Plbar 
FIGURE 1. P-T diagram of GOPDOB. The dashed  l i n e s  

i n d i c a t e  monotropic  t r a n s i t i o n s .  

o p t i c a l  microscopy exper iments  w e r e  conducted by 

keeping  t h e  pressure a t  abou t  2 . 8  k b a r  and decrea-  

s i n g  t h e  t e m p e r a t u r e  from t h e  i s o t r o p i c  phase .  As 

t h e  nemat i c  phase  w a s  formed, t h e  s c h l i e r e n  t e x -  
t u r e  w a s  c l e a r l y  seen. On f u r t h e r  c o o l i n g ,  t h i s  

s c h l i e r e n  t e x t u r e  changed t o  a f o c a l  c o n i c  t e x t u r e  
w i t h  e l l ipses  ( F i g .  2 )  c h a r a c t e r i z i n g  t h e  smectic 
A phase .  The t e x t u r e  w i t h  e l l i p s e s  remained un- 

changed even  on c o o l i n g  t h e  sample i n t o  t h e  Sx 
phase ( F i g .  3 ) ,  i.e., t h e r e  w a s  no t e x t u r a l  change 
on c r o s s i n g  t h e  SA-Sx phase boundary. The dark  
r e g i o n s  s e e n  i n  F i g s  2 and 3 are homeo t rop ica l ly  
a l i g n e d  r e g i o n s .  On f u r t h e r  c o o l i n g ,  t h e  mono- 
t r o p i c  smectic B phase w i t h  a mosaic t e x t u r e  w a s  
seen .  (The so l id  phase S 1  s u p e r c o o l s  t o  a v e r y  
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180 R. SHASHIDHAR, J .  HERRMANN and H. D.  KLEINHANS 

F I G U R E  2. Ellipses and the focal conic texture of 
the smectic A (SA) phase of 60PDOB. P % 2.8 kbar, 
temperature = 1 3OoC, X125,  crossed polarizers. 

F I G U R E  3. Same texture as in Fig. 2, but of the 
Sx phase of 60PDOB. P 'L 2.8 kbar, T = 115OC, X125, 
crossed polarizers. 

large extent and is formed, during the cooling 
mode, only below the monotropic smectic B and E 
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A-A TRANSITION UNDER PRESSURE 181 

phases.  Therefore ,  t h e  evidence, v i z ,  a f i r s t  o r d e r  

l i k e  t r a n s i t i o n  (as  seen by DTA) wi th  no t e x t u r a l  

change, s t r o n g l y  i n d i c a t e s  t h a t  t h i s  i s  a smectic 
A - smectic A (or  A-A) t r a n s i t i o n .  I t  may be re- 
c a l l e d  t h a t  t h e  A-A t r a n s i t i o n  w a s  f i r s t  observed 

by Sigaud e t  a1 i n  mixtures  and l a t e r  by Hardouin 

e t  a19 i n  a pure compound, both these  observa t ions  
being a t  atmospheric p re s su re .  This  i s  however t h e  
f i r s t  obse rva t ion  of an A-A t r a n s i t i o n  a t  high 

p res su res .  

- 

The ques t ion  arises a s  t o  whether w e  can 
i d e n t i f y  t h e  h igh  p res su re  A phase with any p a r t i -  

c u l a r  mod i f i ca t ion ,  eg A 1 ,  A2 o r  X I  a s  def ined  by  
t h e  Bordeaux group l o r  

s t u d i e s  w e r e  made t o  l o c a t e  t h e  e x a c t  p re s su re  a t  

which t h e  high p r e s s u r e  A phase makes i t s  appea- 
rance and t h e r e  by a s c e r t a i n  if t h e  A-A t r a n s i t i o n  

has a c r i t i ca l  end p o i n t ,  a p o s s i b i l i t y  which w a s  
t h e o r e t i c a l l y  p o s t u l a t e d  by P r o s t 1 2 .  I t  w a s  n o t  
p o s s i b l e  t o  d e t e c t  t h e  high pressure  A phase below 

about 2 . 2  kbar .  The run taken only 50 b a r s  below 
2 . 2  kbar  f a i l e d  t o  show t h i s  phase13. This  could 

be f o r  s e v e r a l  reasons ,  v i z ,  (i) t h e  t r a n s i t i o n  
might s ta r t  as a second o rde r  t r a n s i t i o n  and 

acqui re  f i r s t  o r d e r  con t r ibu t ions  a t  h igher  pres -  

s u r e s  or (ii) t h e  t r a n s i t i o n  A-A, wi th  a hea t  

which i s  much smaller than  t h a t  of t h e  s o l i d -  

smectic A t r a n s i t i o n ,  may w e l l  be masked by t h e  
l a t t e r  owing t o  t h e  close proximity of t h e  t w o  
t r a n s i t i o n s  i n  t h e  temperature scale. I n  any case, 
the  experimental  r e s o l u t i o n  i n  t h e  DTA set  up i s  
n o t  s u f f i c i e n t  f o r  us  t o  a r r i v e  a t  any d e f i n i t e  

. High s e n s i t i v i t y  DTA 
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182 R. SHASHIDHAR, J. HERRMANN and H .  D. KLEINHANS 

conclusion. High pressure X-ray studies are being 
taken up to probe the structure of the high 
pressure A phase. 
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