
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 12:40
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
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Flexible polymers in nematic
solvents: Phase diagrams in
dilute regime
A. Dubault a b , C. Casagrande a & M. Veyssie a
a Laboratoire de Physique de la Matière Condensée
Collège de France, 75231, PARIS CEDEX 05, France
b (EBBA) → p-ethoxybenzylidene-p-n-butylaniline
(PAA) → p-azoxyanisole
Version of record first published: 28 Mar 2007.

To cite this article: A. Dubault , C. Casagrande & M. Veyssie (1982): Flexible polymers
in nematic solvents: Phase diagrams in dilute regime, Molecular Crystals and Liquid
Crystals, 72:7-8, 189-194

To link to this article:  http://dx.doi.org/10.1080/01406568208084678

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208084678
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

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

2:
40

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. Vol. 7 2  (Letters), pp. 189-194 
0140-6566/82/7207-0189$06.50/0 
@ 1982, Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

FLEXIBLE POLYMERS IN NEMATIC SOLVENTS : 
PHASE DIAGRAMS IN DILUTE REGIME 

A. DUBAULT', C . CASAGRANDE and M. VEYSSIE 
Laboratoire de Physique de la Matigre Condensge 
CollSge de France - 75231 PARIS CEDEX 05 - France - 
(Received for Publication November 25, 1981) 

Abstract : We present the main types of phase diagrams 
obtained with flexible polymers in nematic solvents. 
Data deduced from experimental phase diagrams are com- 
pared with two theoretical descriptions. 

INTRODUCTION 

In the framework of a study of physical properties of 
flexible polymers in nematic solvents ( 1 )  (viscosity (2) , 
order parameter (3)), we have been lead to investigate the 
phase diagrams of these new binary systems. A study of dif- 
ferent polymer-nematic combinations has allowed us to ex- 
tract the main features of these peculiar systems. Thermo- 
dynamic data deduced from our phase diagrams as well as the 
results obtained independently by B. Kronberg et a1 ( 4 )  
suggest that the nematic order i s  destroyed near each poly- 
meric coil. 

EXPERIMENTAL SECTION 

. Materials - The solutes were two polymers, polysty- 
rene (PS) and polyethylene oxide (PEO), for which we can 
easily obtain samples of different molecular weight (Mw) 
with a low polydispersity (Mw/Mn 4 1 . 1 ) .  The PS samples 
(Mw = 2100, 4000 and 9000) were obtained from Pressure 
Chemical Company while the PEO sample (Mw = 2100) was 
anionically synthesized by F. Candau (C .R.M. Strasbourg) . 

. The solvents were two liquid crystal (EBBA and PAA)+. 

+ (EBBA) -+ p-ethoxybenzylidene-p-n-butylaniline 
(PAA) -+ p-azoxyanisole 
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The Schi f f  base EBBA was obtained from Varyl ight  and exhi- 
b i t e d  a nematic phase  from 3 6 O C  t o  78,6OC. A s  f o r  t he  azoxy 
compound (PAA), i t  w a s  a zone r e f i n e d  sample t h a t  w e  ob ta i -  
ned from Pr ince ton  Organics ; i t s  nematic domain spread 
from 118°C t o  136'C. 

A. DUBAULT, C. CASAGRANDE and M. VEYSSIE 

. Procedure - For a given polymer-liquid c r y s t a l  combi- 
na t ion ,  we prepared s e v e r a l  mixtures wi th  d i f f e r e n t  polymer 
volume concent ra t ions  @. Each mixture contained 0,5g of 
l i q u i d  c r y s t a l  and w a s  kept  i n  g l a s s  tubes which were sea- 
l e d  under primary vacuum. F i r s t ,  each sample w a s  homogeni- 
zed by  smooth shaking f o r  t h r e e  hours a t  a temperature  
where t h e  mixture w a s  i s o t r o p i c  ( j u s t  above t h e  c l e a r i n g  
temperature T: 
were dipped ill a hea ted  b a t h  which permi t ted  a v i s u a l  ob- 
s e r v a t i o n  of t h e  sea l ed  tubes ,  t h e  b a t h  temperature was 
r egu la t ed  wi th  an accuracy of t O , I o C .  

of t he  nematic s o l v e n t ) .  Then, t h e  samples 

. Experimental  r e s u l t s  - A t y p i c a l  phase diagram i s  
given i n  f i g u r e  1'. S t a r t i n g  from an  i s o t r o p i c  homogeneous 
s o l u t i o n  of concent ra t ion  Qo , t he  temperature is slowly 
decreased.  The f i r s t  nematic d r o p l e t  appears  a t  t h e  tempe- 
r a t u r e  Ti (Qo)  which de f ines  the  upper coexis tence  curve.  

I SOTROPIC 

1 I I I I + 
1 @ 0 2  3 4 5 6 

P O L Y M E R  VOLUME CONC. @ ( % I  
Figure 1 
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FLEXIBLE POLYMERS IN NEMATLC SOLVENTS 191 

A s  t h e  cool ing  proceeds,  the i s o t r o p i c  and nematic phases  
c o e x i s t  u n t i l  t h e  temperature reaches Tn ((a,) ; then,  t h e  
sample becomes t o t a l l y  nematic.  Notice t h a t ,  because of 
t he  t u r b i d i t y  of t h e  nematic phase, T i  is  determined wi th  
g r e a t e r  accuracy (t 0,I"C) . than Tn (+ 1°C). J u s t  below Tn 
w e  have a n  homogeneous nematic phase ; b u t  a t  lower tempe- 
r a t u r e ,  an ano the r  phase sepa ra t ion  process  may occur : a t  
Td (Q0) ( see  f i g .  l ) ,  t h e r e  appears an  i s o t r o p i c  f r a c t i o n  
r i c h  i n  polymer i n  equi l ibr ium wi th  a nematic so lu t ion .  
This demixtion process  i s  c a r a c t e r i z e d  by l a r g e  r e l a x a t i o n  
t i m e s  as i t  i s , t y p i c a l  i n  polymeric so lu t ions  ; phase se- 
p a r a t i o n  sometimes r e q u i r e s  s e v e r a l  days.  This  exp la ins  
t h a t  B .  Kronberg e t  a1 do n o t  mention such a phase separa- 
t i o n  on s i m i l a r  mixtures .  

, Thus, t h e  t y p i c a l  diagram i n  f i g u r e  1 appears  t o  b e  
the supe rpos i t i on  of two c l a s s i c a l  ones which correspond 
t o  : 

. a phase t r a n s i t i o n  i n  a b inary  mixture ,  wi th  a b iphas i c  
domain much broader  than i n  t h e  case  of s m a l l  molecule 
s o l u t e s .  

. a l iqu id - l iqu id  phase sepa ra t ion  (demixtion) wi th  a coe- 
x i s t ence  curve which, a t  low concent ra t ion ,  sharp ly  in- 
c r eases  a s  u sua l ly  observed i n  polymeric so lu t ions .  

v i o r  f o r  d i f f e r e n t s  polymer-liquid c r y s t a l  systems. For 
in s t ance ,  i n  t h e  case  of "PS21OO-PAA" system ( see  f i g .  2a), 

. W e  have observed s e v e r a l  v a r i a n t s  of t h e  above beha- 

PS 2100-PAA laL 
PEO 2100-EBBA 

6 C - .  

a )  

Figure  2 
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the low-temperature phase separation Td i s  not observed 
before the nematic solut ion c r y s t a l l i z e s .  O n  t h e  other  
hand, i n  the  "PE02100-EBBA" case the demixtion process 
occurs even i n  the i so t rop ic  phase (see f i g .  2b). But,  i n  
a l l  cases,  the biphasic domain becomes larger  as  the mole- 
cular  weight of the so lu t e  increases ; a homogeneous nema- 
t i c  phase becomes inobservable f o r  M, >, 104 . 

A. DUBAULT, C. CASAGRANDE and M. VEYSSIE 

DISCUSSION - 

. Two physical parameters can be obtained from our 
data : 

. AHo , the molar enthalpy of t r a n s i t i o n  f o r  the pure 
nematic. 

. AFch , the f r e e  energy which i s  necessary t o  t r ans fe r  a 
polymeric chain from the i so t rop ic  phase t o  the nematic 
phase. 

. For low concentrations,  i .e,  near Tg (TG -T<<T: ) ,  
a f i r s t  order approximation leads to  the following r e l a -  
t ions : 

where Qi and $n a r e  respectively the polymer concentration 
i n  the i so t rop ic  and nematic f r ac t ions  a t  the temperature 
T while M i  (M2) i s  the molecular weight of the so lu t e  
(solvent) ; k i s  the Bolztmnn constant and #the Avogadro 
number. 

. The values obtained with the d i f f e r e n t  systems tha t  
we have studied a r e  l i s t e d  i n  t ab le  1 .  A s  f o r  the AHo da- 
t a ,  we f ind  a reasonable agreement between the value dedu- 
ced from the phase diagram and the d i r e c t  measurement by 
d i f f e r e n t i a l  scanning calorimetry. 
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FLEXIBLE POLYMERS IN NEMATIC SOLVENTS 193 

1 

Phh PS2 100 2 1  189 

Table 1 

t 

POE2 100 
PS2100 
PS4000 
PS9000 

EBBA 47s 500 500 
14,5 370 

9 1 940 I 800 

We obtain a poorer agreement i n  the case of higher molecu- 
lar weight (PS9000) ; t h i s  discrepancy i s  due t o  a large 
uncertainty i n  the determination of the lower coexistence 
curve which becomes very s teep as the molecular weight 
increases.  

. The i n t e r p r e t a t i o n  of AFch i s  more de l i ca t e  than 
t h a t  of AHo. For instance,  B.  Kronberg e t  a 1  have proposed 
a descr ipt ion based on an extended Flory-Huggins l a t t i c e  
model. This model introduces two d i f f e r e n t  Flory parameters 
x1 and xn which ca rac t e r i ze  the interact ions of a chain 
subunit with solvent respect ively i n  the isotropic  ( i )  and 
nematic (n) phase : 

AFch = NAFsub with bF,,b 01 kT (Xn - Xi) 

. So, we expect t ha t  AFCh/N is  constant f o r  a polymer 
nematic combination a s  the molecular weight varies.  I n  
f a c t ,  Table 1 shows tha t  AFch/N decreases as increases ; 
indeed, B. Kronberg e t  a 1  found similar r e s u l t s  on PS-EBBA 
systems. This lead F .  Brochard (5) t o  imagine another des- 
c r i p t i o n  i n  which the nematic order i s  destroyed near the 
polymeric c o i l  ("Strong coupling model"). I n  t h i s  model, 
AFCh i s  mainly r e l a t e d  t o  the creat ion of an isotropic  
droplet  and va r i e s  as N1/2 ; consequently, AFch/N decrea- 
ses  as N - 1 / 2 .  Therefore t h i s  "Strong coupling model" seems 
t o  be q u a l i t a t i v e l y  supported by the experimental r e s u l t s .  
One more argument can be deduced from the  comparison bet-  
ween two d i f f e r e n t  polymeric compounds (POE2100 and PS2100) 
i n  the same solvent EBBA : 

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

2:
40

 2
1 

Fe
br

ua
ry

 2
01

3 



194 A. DUBAULT, C. CASAGRANDE and M. VEYSSIE 

. Table 1 shows that Fch has roughly the same value 
for both systems and thus depends more on the polymeric 
solute size than on its chemical nature. This last experi- 
mental fact, straightforward in the "Strong coupling model'' 
would be difficult to interpret in the framework of the 
Kronberg model. However, we emphasize that our experimental 
values AFch/N do not quantitatively verify the (-112) sca- 
ling exponent. This. discrepancy is perhaps due to the very 
restricted range of M, variation which i s  experimentally 
accessible . 
CONCLUSION 

. The phase diagrams obtained for different flexible 
polymer-nematic compound systems clearly show that a homo- 
geneous nematic phase becomes inobservable when the mole- 
cular weight M, of the polymeric solute becomes higher than 
104. In spite of this restriction, this study demonstrates 
the polymeric features of this new type of binary phase 
diagram : an enlarged biphasic domain and important demix- 
tion process. Moreover, the evolution of the two phases 
domain as M, increases, seems to indicate that the nematic 
order is destroyed near each polymeric coil. For the future, 
we plan to repeat this study with polymeric solutes which 
reinforce the nematic order. 
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