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RE-ENTRANT POLYMORPHISM IN. BINARY IvIIxrums 
CONTAINING A S I D E  CHAIN POLYSILOXAPSE 

MAHITA SCHLOSSAREK, J!MTYHIAS NAUivW!!, ANlELOflE 
U D I C K E ,  BERND KRUCKE, PRANK KUSCHEL, HORST 
ZASCHKE 
Mart i n-Lut he r-Univers i t  at Halle-W i t t enberg, 
Sekt ion  Chemie, 4010 Halle,  GDR 

Abstract  The m i s c i b i l i t y  behaviour of t h e  l i q u i d  
c r y s t a l l i n e  s i d e  cha in  polysi loxane w i t h  low-mo- 
l e c u l a p w e i g h t  mesogene wae  i n v e s t i g a t e d  us ing  
o p t i c a l  microscopy 
niques. A sARe- n - sA re-entrant  polymorphism 
of appropr i a t e  mixtures  is c l e a r l y  demonst ra ted .  

and X-ray d i f f r a c t i o n  tech- 

INTRODUCTION 
The first case  of a nematic-smectic-nematic re-entrance 
w a s  observed w i t h  pure po la r  compounds and with b inary  
mixtures  of them '. Some binary mixtures  o f  nonpolar 
components show a l s o  t h i s  s t r a n g e  phase behaviour . 
Fur ther ,  i n  t h e  last time re-entrance w a s  observed i n  
b inary  systems wi th  p o l a r  o r  nonpolar l i q u i d  c r y s t a l -  
l i n e  (LC) polymers and low-molecular-weight (LIW) 
compounds 3 y 4 .  I n  t h i B  paper we descr ibe  t h e  occurence 
of t h e  smectic-nematic-smectic re-entrance i n  t h r e e  b i -  

nary systems conta in ing  a LC s i d e  chain polysiloxane. 
The r e s u l t s  were supported by X-ray i nves t iga t ions .  

2 

EXPERIMENTAL 
The polymer used i n  th is  s tudy was a polysi loxane ( P l )  
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o f  t h e  fo l lowing  s t r u c t u r e :  

With re spec t  t o  t h e  phase symbols i n  case of LC poly- 
mers see  r e f .  5. The p repa ra t ive  procedure f o r  t h e  
polymer has been descr ibed  previous ly  . 
phenyl 4-n-dodecy1ox;ybenzoate (Ml ; c r  58OC ( s g  48OC) 

62OC sA 75OC n 82.5OC is) ,  4-n-butanoylox~phenyl 
4-n-dodecyloxybenzoate (M2; c r  5 6 O C  (sB 51OC) sc 62OC 
sa 68OC n 8 2 O C  i s ) ,  and 4-n-pentanoylo~phenyl  4-n-de- 
c y l o a b e n z o a t e  (M3; c r  62OC sB 65OC sA 82OC n 95'C is)  

The t e x t u r e s  and t r a n s i t i o n  temperatures  of the 
samples were observed us ing  a polarizing microscope 
f i t t e d  w i t h  a h e a t i n g  s tage.  The phase diagrams were 
cons t ruc t ed  us ing  the contact  method and by inves t iga-  
t i o n  of samples of d e f i n i t e  compositions. 

camera were used t o  i n v e s t i g a t e  samples o r i en ted  by a 
magnetic f i e l d .  A Guinier  equipment was app l i ed  t o  
s tudy  unoriented specimens. 

6 

As UII compounds we have chosen 4-n-pentanoylom- 

sC 

7 

The Ni - f i l t e r ed  CuKg-radiat ion and a f l a t  f i l m  

RESULTS ABD DISCUSSION 
Figures  1 , 2  and 3 show t h e  i s o b a r i c  phase diagrams f o r  
the  binary systems Ml-PI, M2-P1, and 10-Pl.  I n  a l l  
th ree  cases  we observed t h e  unusual sARe-n-sA sequence 
i n  mixtures  conta in ing  an excess of  t h e  LTN components. 

BY cool ing  t h e  homogeneous mixtures  from the  i s o -  
t r o p i c  phase we found the  f o c a l  conic  sA t ex tu res .  
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PIGUm 2 Phase diagram of the compounds PI 
and M2 

With decreasing temperatures this texture transforms 
i n t o  the nematic schlieren texture and at lower temper- 
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a t u r e s  we observed the  t r a n s i t i o n  i n t o  the focal conic  

ILL clp 

96 

57mp 

02 OL 06 08 PI 
x- 

BIGURE 3 Phase diagram of t h e  components PI and 
IG3 

sA t ex tu re .  flue t o  t h e  lack of s p e c i f i c  t e x t u r e s ,  i n  
mixtures  w t t h  more than  60 mole$ of t h e  polymer, t h e  
microscopic phase i d e n t i f i c a t i o n  was impossible. 

The arrow i n  Figure 1 i n d i c a t e s  the mixture which 
was i n v e s t i g a t e d  by means of X-ray experiments at d i f -  
f erent 3 emperat ures. 

Figure 4 shows the half width at f u l l  maximum 
(HWPIiI) of the 001-reflexes i n  dependence on t h e  temper- 
ature.The inc rease  of  t h e  HWFN between 8OoC and 90°C 
proves t h e  ex is tence  of a nematic phase between t h e  
two  smect i c  phases . 
f e c t l y  ordered l a y e r s  i n  the mixture der ived  from Bragg 
r e f l e c t i o n s  (smect ic  phases) o r  d i f fuse  lines (nematic 
phase) i n  dependence on t h e  temperature. The spacing 
inc reases  from 3.4 nm at 7 5 O C  t o  4.2 urn at 95OC i n  t h e  

Pigure 5 shows t h e  spacings of more o r  l e s s  per- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
32

 1
9 

Fe
br

ua
ry

 2
01

3 



m-ENTRANT ?OL~OR.PHISI'' [975]/195 

2 .  

1.5. 

high temperature sA phase. The first value is in ac- 
cordance with the length of the extended LMW-compound 

2,5/  HWFM [arbitrary units 
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PLGURE 4 HKFIfl of the 001-reflexes in dependence 
on the temperature '7 
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FIGURE 5 d-values of the mixture in dependence 
on the temperature 

measured by means of CPK-models. The layer thickness 
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i n c r e a s e s  i n  the region of t h e  nematic phase. A t  higher 
temperature a near ly  cons tan t  d-value w a s  found f o r  t he  
sA phase. 

i= 

-- 
I 

~ 3.5 nm 

4- 
? 

C H j - S i -  ( C H $ m  C O O ~ O O C  0 O C H . l  
4-n 

c,* H 2 5 - ~  OC O O ~ O O C - c  4 ~ g  

F I G U R E  6 S t r u c t u r a l  model of  the sA phasee 

I n  Figure 6 we t r y  t o  g ive  an i n t e r p r e t a t i o n  of 
t h e  results from t h e  X-ray measurements. A t  lower tem- 
pe ra tu res  t h e  l e n g t h  of  t h e  LMW-compound (MI) d e t e r  
mines t h e  l a y e r  th ickness .  The smect ic  h igh  temperature 
phase shows a packing similar t o  that of the pure poly- 
mer compound ( P l )  i n  the PsA phase *. 'Phis s t r u c t u r e  
allows one a more i n t e n s i v e  contac t  between neighbour- 
ing aromatic cores .  
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