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THE "UNIAXIAL" SMECTIC E PHASE 

JW GOOVBY and G4U GRAY 
Uepahtment 0 6  CheminLy, The U n i w e ~ L t y ,  H d L ,  
HU6 7 R X ,  England 

(SubmiLted d o t  publication 29-151 Nowembet, 7 9 7 s )  

A b h f i a c t  For many years  t he re  have been only two 
materials repor ted  which e x h i b i t  un iax ia l  smect ic  E 
phases;  a l l  smect ic  E phases exh ib i t ed  by o the r  
materials have been shown t o  be b i a x i a l .  Moreover, a 
number of these  b i a x i a l  SE phases are known t o  have 
an or thogonal  arrangement of t he  molecules wi th in  the 
l a y e r s ,  proving t h a t  t h e  b i a x i a l i t y  i s  no t  due t o  
t i l t i n g  of t he  molecules wi th in  the  l aye r s .  Therefore ,  
one of the  two r e l a t e d  materials claimed t o  g ive  a 
u n i a x i a l  SE phase w a s  re-examined and t h e  SE phase has  
been shown t o  be b i a x i a l .  

Infioductcon 
phase w a s  made by Sackmann and Demus' who discussed t h e  
smect ic  E p rope r t i e s  of d i - e thy l  and di-n-propyl 
p-terphenyl-4,4"-dicarboxylates. In  another  r e p o r t , 2  Die le ,  
Brand, and Sackmann descr ibed  t h i s  phase as being u n i a x i a l l y  
p o s i t i v e  and e x h i b i t i n g  mosaic and pseudoisotropic  t ex tu res .  
Moreover, the SE phases of these  materials were shown3 t o  be 
misc ib le  wi th  b i a x i a l  SE phases exh ib i t ed  by o ther  m a t e r i a l s . 4  

One of the  e a r l i e s t  r e p o r t s  of a smect ic  E 

In  an attempt t o  c l a r i f y  t h i s  s i t u a t i o n  which implies  t h a t  
u n i a x i a l  and b i a x i a l  modif icat ions of a phase can share  a 
common nomenclature (in t h i s  case SE) , we prepared a f r e s h  
sample  of di-n-propy 1 p terpheny 1-4,4"-dicarboxylate by the  
s tandard  method of Neubert and Car l ino . '  

Re-AnuRtn and Uhcwd,Lon 
di-n-propy 1 p terphenyl-4,4"-dicarboxylate were de t e r d n e d  
by o p t i c a l  microscopy. 

The t r a n s i t i o n  temperatures f o r  
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The s t ruc tu re  of the e s t e r  and the t r a n s i t i o n  temperatures 
are  given below: 

J.  W. GOODBY and G .  W. GRAY 

c -  ___* -1 
122O sE 142' 242' 

( l i t :  1.22' 137. lo 239.2' ) 

When the sample w a s  subjected t o  de t a i l ed  microscopic 
s tud ie s  a number of observations which confl ic ted with 
e a r l i e r  reports  were made. 

On cooling the i s o t r o p i c  l i qu id  of the di-n-propyl e s t e r ,  
we obtained a smectic A phase which exhibited both focal- 
conic fan and homeotropic textures  (P la t e  1) .  On fu r the r  
cooling, the fans became crossed by a number of arcs which 
pe r s i s t ed  throughout the temperature range of t he  SE phase. 
A t  the same temperature, the homeotropic SA areas became 
b i r e f r ingen t  and adopted a p l a t e l e t  texture  ( these textures  
are shown together i n  P la t e  2). Both of these textures  are 
typical  of the b i a x i a l  SE phase. 
of t h i s  material were r e a l l y  uniaxial ,  i t  should exh ib i t  a 
homeotropic texture.  However, t h i s  does not  appear t o  be 
the case, and even when the SA phase w a s  obtained i n  a 
Xtot&g homeotropic condition, a p l a t e l e t  texture  was again 
formed a t  the SA-SE t r a n s i t i o n  (Plate  3). Moreover, i n  t h i s  
t ex tu ra l  condition, the phase was shown t o  be pos i t i ve  
b i a x i a l  by conoscopic observation. 

Consideration was however given t o  the p o s s i b i l i t y  t ha t  the 
b i a x i a l i t y  of the phase may be due t o  uniaxial  layers 
themselves t i l t i n g  with respect t o  the surfaces and so 
destroying the homeotropic alignment of the preceding SA 
phase. This was t e s t ed  by allowing the homeotropic SA phase 
to  cool and give the p l a t e l e t  texture  of the SE phase. This 
texture  w a s  then examined on a t i l t i n g  microscope stage. It  
was found t h a t  no matter how much the s tage was t i l t e d  o r  i n  
which d i r ec t ion ,  the SE phase always remained b i a x i a l  and did 
not give a homeotropic condition. This i nd ica t e s  t h a t  the 
layers do not tilt a t  the SA t o  SE t r a n s i t i o n  and therefore 
tha t  the phase i s  i n  f a c t  pos i t i ve  b i ax ia l .  

O f  course, i f  the  S ~ ~ p h a s e  
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GOODBY and GRAY 

Thus, the  di-n-propyl e s t e r  has  been shown t o  e x h i b i t  a 
p o s i t i v e  b i a x i a l  SE phase,  and as would now be expected,  
the phase w a s  misc ib le  wi th  the b i a x i a l  SE phase of n-decyl 
4-(4'-phenylbenzylideneamino)cinnamate (SA, SB and SE phases) 
Therefore ,  we have t o  conclude t h a t  a u n i a x i a l  SE phase does 
not  e x i s t ,  and t h a t  a l l  known SE phases are b i a x i a l .  

ExpetLimenM 
measurements of t r a n s i t i o n  temperatures made using a Nikon 
L-Ke p o l a r i s i n g  microscopic i n  conjunct ion w i t h  a 
Mettler FP52 ho t  s t a g e  and temperature con t ro l  u n i t .  

A l l  t h e  microscopic observa t ions  and 

The p u r i t y  of the  di-n-propyl es ter  w a s  checked by t l c  and 
i t s  s t r u c t u r e  was confirmed by mass spectrometry and 
in f  ra-red ana lys i s .  

Acknudedgernent 
of STL Labora tor ies  , Harlow, England, f o r  he r  microscopic 
observa t ions  made using a t i l t i n g  s t age ,  and the  
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