
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 14:59
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Effect of Polarity on the Properties of
Smectic A1 Mixtures
Barbara Ważyńska a

a Institute of Material Sciences and Engineering Warsaw
University of Technology, Narbutta 85, 02-524, Warsaw, Poland
Version of record first published: 24 Sep 2006.

To cite this article: Barbara Ważyńska (1992): Effect of Polarity on the Properties of Smectic A1

Mixtures, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 212:1, 327-334

To link to this article:  http://dx.doi.org/10.1080/10587259208037274

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this
material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208037274
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1992, Vol. 212, pp. 321-334 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

EFFECT OF POLARITY ON THE P R O P E R T I E S  OF S M E C T I C  
A1 M I X T U R E S  

B A R B A R A  W A t Y d S K A  
I n s t i t u t e  of M a t e r i a l  Sc iences  and E n g i n e e r i n g  
Warsaw U n i v e r s i t y  of Technology,  N a r b u t t a  85  
02-524 Warsaw, Po land 
(Received March 12, 1991) 

A b s t r a c t  Phase d iagrams have been de te rm ined  of sys -  
tems composed of t h e  compound BOBCAB and a b i n a r y  m i x -  
t u r e  of a p o l a r  (nTPCHB) and non-po la r  (nMPCHB) com- 
pounds. I t  has been shown t h a t  e x t e n s i o n  of t h e  s m e c t i c  
phase range  and t h e  appearance of t h e  n e m a t i c  r e e n -  
t r a n t  phase connected  w i t h  t h e  d i m e r i z a t i o n  of t h e  
B O B C A B  component r e q u i r e  a n  adequate l e n g t h  of t h e  
a l i p h a t i c  c h a i n  of t h e  m a t r i x .  

Keywords: smectic A ,  mixtures, nematic reentrant phase, dimerization of smectic, 
mixture of polar and nonpolar compounds, pc 

I N T R O D U C T I O N  

R e c e n t l y  a number of works c1-51 were devo ted  t o  m i x t u r e s  

of p o l a r  s m e c t i c s  A1 for which  t h e  phase d iagrams r e v e a l e d  

on one s i d e  a d e s t a b i l i z a t i o n  of t h e  s m e c t i c  A1 phase l e a -  

d i n g  t o  t h e  appearance of a nemat i c  gap, and on  t h e  o t h e r  

s i d e  a s t r o n g  e x t e n s i o n  of t h e  s m e c t i c  phase range  accompa- 

n i e d  by t h e  appearance of t h e  nemat i c  r e e n t r a n t  phase. I t  
was shown t4-51 t h a t  such a b e h a v i o u r  i s  obse rved  when 

one of t h e  m i x t u r e  components has a s t r o n g l y  p o l a r  -CN t e r -  

m i n a l  g roup and be longs  t o  a homologous s e r i e s  whose mem- 

b e r s  w i t h  s h o r t  a l i p h a t i c  chairrSbresenb i s m e c t i c  A1 pha- 

se and t h o s e  w i t h  l o n g  c h a i w  an A d  one. 4 ' -cyanob iphe-  

n y l - 4  '-n-alkylbiphenyl-4-carboxylates (nCBB and p - a l k o x y -  
benzo y 1 ox y -p - c y a no a zo benzen es ( n 0 B C A B [ 7:) be l o n g  t o  such 

homologous s e r i e s .  I t  has  been p r o v e d  [2,<1 t h a t  t h e  cause 
of such a b e h a v i o u r ,  so 

t i c s ,  i s  t h e  d i m e r i z a t i o n  of t h e  component w i t h  t h e  s t r o n -  

g l y  p o l a r  -CN t e r m i n a l  group i n  t h e  m a t r i x  of t h e  o t h e r  

compound. 
I n  t h e  e a r l i e r  works [1,51 compounds f r o m  t h e  4 - ( t r a n s -  

- b n a l k y l c y c l o h e x y l )  benzoate  s e r i e s  (nXPCHB) w i t h  t e r m i n a l  

6 

u n t y p i c a l  for m i x t u r e s  of A1 smec- 
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328 B. WA~YE;ISKA 

groups X =  F ,  -COCH3 or -NCS were used as the matrix. It was 
shown that the decrease of the length of the aliphatic 
chain of the nXPCHB component renders dimerization impossi- 
ble. This decrease of the chain length produces an increase 
of polarity of nXPCHB leading to the conclusion that the 
decrease of polarity of the matrix is the cause of dimeri- 
za tion. 

In the present work it was decided to follow the effect 
of reducing the polarity of the matrix by diluting it with 
a non-polar compound with a varying length of the aliphatic 
chain or by extending the length o f  the aliphatic chain of  
the polar compound. 

EXPERIMENTAL 

Phase diagrams were studied of systems in which the compo- 
und 808CAB of the formula 

C8H170 @)-COO -@N = N - f N  ic). 
was one of the components. 
The matrix was a mixture of polar and non-polar compounds 
of the formulae 

CnH2n+l <)@-COO @)-NCS (with n=8,9or10) 

denoted as nTPCHB 

and CnH2n+l-~~~@OO-@-CH3 (with n=5 or 10) 

denoted as nMPCH8. 
The studied compounds yield smectic Al phase with the 
exception of SMPCHB which yields nematic phase only. 

I 80BCAB + (STPCHB+BTPCHB) 
I1 BOBCAB + (lOTPCHB+SMPCHB) 

The following series of mixtures were studied: 
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EFFECT OF POLARITY ON THE PROPERTIES OF SMECTIC A, 329 

I11 80BCAB + (lOTPCHB+lOMPCHB). 
The results of studies of these ternary systems are presen- 
ted on graphs analogously as for binary systems. It was 
assumed that compound 80BCAB constitutes one component and 
the mixture of compounds, in different proportions, given 
in parentheses is the second one. 

scopic method described in [lj. 
The phase transitions were studied by the thermomicro- 

RESULTS 

The results of studies for the particular series have been 
summarized in Figs. 1 to 3. In each case a full phase dia- 
gram is given for one system of the given series, while 
for the remaining ones only the N-SA and SA-Nre 
transition lines are shown. 

In this series a mixture of polar 8TPCHB and YTPCHB compoun- 
ds in different proportions constitutes the matrix. The da- 
ta given in the figure show that the range of the extended 
smectic and reentrant nematic phase decreases with increase 
in the matrix of component with the shorter aliphatic chain 
(BTPCHB). When the content of 8TPCHB in the matrix reaches 
80%, the nematic reentrant phase does not appear. In the 
phase diagram of this mixture only a minimum appears on the 
N-SA phase transition line. 
These data confirm the earlier observed effect of the 
length of the aliphatic chain in nTPCHB on the dimerization 
of the 80BCAB component. The results of investigations of 
series I determine this effect with greater accuracy for 
n = 8 to 9 .  

In series I1 the behaviour is presented of compound 
80BCAB in a matrix composed of a polar component with a 
long chain n = 10 (10TPCHB) and of a non-polar component 
with a short chain n = 5 (5MPCHB). Beginning with a 10% 
content of component 5MPCHB in the matrix we observe a sig- 
nificant decrease of the extended smectic range and of the 

phase 

The results of studies of series I are given in Fig. 1. 
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330 B. W A ~ Y ~ S K A  

0 
o 140. 

I- 
. 

100. 

2 0 1 , ,  , , 1 ,  1 , ,  

0 . 2  0.4 0,6 0 , 8  

BOBCAB +STPCHB 
8TPCHB '+9 T PC H B - 

BTPCHB 

Figure 1. Phase diagram of the 80BCAE-(100%9TPCHE+O%ETPCHE) 
system. The phase transition lines N 6 A  and SAdNrefor other 
systems of the first series .... 80ECAB-(80%9TPCHB + 20% BTPCHE) ---- 80BCAE-(50%9TPCHB + 50% ETPCHB) 
-x-x EOBCAB-(30%9TPCHB + 70% BTPCHE) 
-1-1 EOECAE-(20%9TPCHB + 80% 8TPCHB) -.-. EOECAB-( O%9TPCHB + 100% BTPCHE) 

reentrant nematic phase. The la t ter  decreases further at a 
20% content of 5MPCHE. The use o f  a matrix with a 50% con- 
tent of lOTPCHB and a 50% content of 5MPCHB results in that 
the extended smectic range does not appear at all.This p r o -  

ves that dimerization of EOBCAE does not take place in such 
a matrix. 

A different behaviour is observed for series 111, where 
the compound 80ECAE i s  placed in a matrix consisting of a 
mixture of polar and non-polar components with aliphatic 
chains of the same lengths n = 1 0  (10TPCHE+lOMPCHE). A 10% 
content of the non-polar component in the matrix does not 
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EFFECT OF POLARITY ON THE PROPERTIES OF SMECTIC A, 33 I 

cause any changes w i t h  r e s p e c t  t o  t h e  BOBCAB-10TPCHB system, 

i . e .  one n o t  c o n t a i n i n g  any non-po la r  m i x t u r e .  When t h e  

p r o p o r t i o n  o f  compounds l O T P C H B  and lOMPCHB i n  t h e  m a t r i x  

i s  1:l we s t i l l  observe  t h e  e x t e n s i o n  o f  t h e  s m e c t i c  phase 

up t o  t h e  c o n t e n t  o f  xBOBCAB= 0 . 7  mole f r a c t i o n  as was t h e  

case for t h e  80BCAB-10TPCHB system. 

8 0 B C A B  QOTPCHB 
X-B SMPCHB 
+!jMPCHB 

F i g u r e  2. Phase d iag ram o f  t h e  80BCAB-(100% lOTPCHB + 0% 
5MPCHB) system. The phase t r a n s i t i o n  l i n e s  N+SA and S r N r e  
f o r  t h e  o t h e r  systems o f  t h e  second s e r i e s .  .... BOBCAB - (951 l O T P C H B  + 5% SMPCHB) ---- BOBCAB - (90% l O T P C H B  + 10% 5MPCHB) -.-. BOBCAB - (80% l O T P C H B  + 20% 5MPCHB) 
- ! - I  BOBCAB - (50% l O T P C H B  + 50% 5MPCHB) 

However, h e r e  n e i t h e r  t h e  r e e n t r a n t  n e m a t i c  phase n o r  t h e  

nemat i c  gap appear. A s i m i l a r  shape o f  t h e  N*SA phase t r a n  

s i t i o n  l i n e  i s  observed i n  t h e  BOBCAB-1OMPCHB system, i . e .  
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332 B .  WA~YNSKA 

when compound EOBCAB i s  mixed w i t h  a f u l l y  non -po la r  m a t r i x  
w i t h  a n=10 l e n g t h  of t h e  a l i p h a t i c  c h a i n .  

I 
2604 

BOBCAB 

0 , 2  0 . 4  0.6 0.8 

10 TRCHB 
'1 0 M PC H B X+lOTPCHE lOMPCHE 

F i g u r e  3 .  Phase diagram of  t h e  B O B C A B ~ O O % l O T P C H B + O % l O M P C H ~ )  
system. The phase t r a n s i t i o n  l i n e s  N*SA and S z N r e  for  t h e  
o t h e r  systems o f  t h e  t h i r d  s e r i e s .  -.-. 80ECAB - (90% lOTPCHB - 10% 10MPCHB) .... BOBCAB - (50% l O T P C H B  - 50% 10MPCHB) ---- BOBCAB - ( 0% lOTPCHB -100% 10MPCHB) 

D I S C U S S I O N  

I n  t h e  d e s c r i b e d  phase diagrams two b e h a v i o u r s  occur .  One 

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

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 



EFFECT OF POLARITY ON THE PROPERTIES OF SMECTIC A, 333 

c o n s i s t s  i n  t h e  e x t e n s i o n  o f  t h e  range of t h e  s m e c t i c  phase, 

and t h e  o t h e r  i n  t h e  appearace o f  t h e  r e e n t r a n t  nemat i c  

phase and o f  t h e  nemat ic  gap. Bo th  these  b e h a v i o u r s  occu red  

i n  t h e  BOBCAB-1OTPCHB system and were e x p l a i n e d  by t h e  d i -  

m e r i z a t i o n  of BOBCAB i n  t h e  lOTPCHB m a t r i x  [ 4 ] .  I n  t h e  p r e -  
s e n t  work these  behav iou rs  s h o u l d  be c o n s i d e r e d  s e p a r a t e l y  

i n  v iew of t h e  f a c t  t h a t  t h e y  a r e  i n f l u e n c e d  i n  a d i f f e r e n t  
manner by non-po la r  compounds. The r e s u l t s  o f  t h e  p r e s e n t  

work show t h a t  t h e  e x t e n s i o n  of t h e  smec t i c  phase occu rs  
when a compound w i th  an adequate l e n g t h  of t h e  a l i p h a t i c  

c h a i n  n 2 8  i s  used as t h e  m a t r i x .  The d i l u t i o n  o f  t h e  p o l a r  

m a t r i x  w i t h  a non -po la r  compound c o n t a i n i n g  an a l i p h a t i c  

c h a i n  o f  l e n g t h  n=10 (10MPCHB) does n o t  p roduce a l o w e r i n g  

of t h e  N+SA phase t r a n s i t i o n  p o i n t s  as d i s t i n g u i s h e d  f r o m  

d i l u t i o n  w i th  a non-po la r  compound w i t h  a a l i p h a t i c  c h a i n  

o f  s m a l l e r  l e n g t h  n=5. T h i s  a l l o w s  u s  t o  conc lude  t h a t  t h e  

e x t e n s i o n  o f  t h e  smec t i c  phase range r e s u l t i n g  f r o m  d i m e r i -  

z a t i o n  of BOBCAB r e q u i r e s  an adequate l e n g t h  o f  t h e  a l i p h a -  

t i c  c h a i n  i n  t h e  m a t r i x  and n o t  t h e  r e d u c t i o n  o f  i t s  p o l a -  

r i t y .  

nemat ic  phase i s  a d i f f e r e n t  q u e s t i o n .  Such a behav iou r  

occu rs  i f  80BCAB mixes  w i t h  t h e  p o l a r  m a t r i x  or i f  t h e  con- 

t e n t  o f  t h e  non-po la r  component i s  s m a l l .  

a c c o r d i n g  t o  t h e  t h e o r y  o f  Indekeu and Berke r  [ lO j in  p o l a r  

compound systems due t o  d i p o l a r  f r u s t r a t i o n .  I n  t h e  case o f  

m i x t u r e s  o f  p o l a r  and non-po la r  components t h e  e f f e c t  o f  

d i p o l a r  f r u s t r a t i o n  does n o t  t a k e  p l a c e .  The s h o r t - r a n g e  

a t t r a c t i v e  i n t e r a c t i o n s  o f  t h e  f l e x i b l e  a l i p h a t i c  c h a i n s  i s  

a f a c t o r  wh ich  s t a b i l i z e s  t h e  s m e c t i c  phase. P e l t z  e t  a l .  
have r e c e n t l y  d e s c r i b e d  c B , Y ]  t h e  appearance o f  t h e  reen -  

t r a n t  nemat i c  phase a l s o  i n  systems composed by non-po la r  
components g i v i n g  t h e  u n f a v o u r a b l e  p a c k i n g  o f  t h e  r i g i d  

and f l e x i b l e  p a r t s  o f  mo lecu les  as  t h e  cause. I n  t h e  sys -  

tems d e s c r i b e d  above the adequate l e n g t h  o f  t h e  a l i p h a t i c  

c h a i n  makes p o s s i b l e  t h e  arrangement o f  mo lecu les  i n  t h e  

The appearance o f  t h e  nemat i c  gap and of t h e  r e e n t r a n t  

The nemat ic  r e e n t r a n t  phase or t h e  nemat i c  gap appear 

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

4:
59

 1
8 

Fe
br

ua
ry

 2
01

3 



334 B. WAZYI;JSKA 

smectic layer and does not lead to its disturbing. 

The present author i s  very oblied t o  professor Roman 
Dabrowski of the Military Technical Academy for supplying 
the compounds for the study and for the valuable discu- 
ssions. 
The work received financial support from the Ministry of 
National Education. 
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