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SOLUBILIZATION OF A POLYMER CHAIN I N  A NEMATIC 

PHASE ; EFFECT ON THE TWIST VISCOSITY. 

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

Laboratoire de Physique de l a  Matiere Condensee - 
College de France - 75231 PARIS CEDEX 05 - France - 
(Accepted for Publication May 12, 1978) 

Abstract : W e  have dissolved s h o r t  polymer chains 

(M = 2.103 and 8.103) of poly-ethylen-oxide i n  the  

nematic phase of para-azoxy-anisol. On these solut ions 

we measured the  t w i s t  v i s cos i ty  y1. W e  f ind an increase 

of y1 with the polymer content,  correlated t o  the  a n i -  

sotropy of the polymer chain. 

Introduction : The a i m  of t h i s  work is t o  g e t  an in- 

s i g h t  on the conformations of a long, f l e x i b l e ,  chain i n  a 

nematic solvent.  A nematic f l u i d  has f i v e  independent coef- 

f i c i e n t s  of f r i c t i o n  ( l )  : a l l  of them are expected to be 

s i g n i f i c a n t l y  modified by a polymeric solute ,  even a t  ra- 

t h e r  low concentrations ( 2 ) .  W e  chose t o  measure here the 

t w i s t  v i s cos i ty  y1 which i s  r e l a t i v e l y  simple to  reach. 

The f i r s t  stage of t h i s  work w a s  t o  f ind  a compatible 

polymer-nematic system. Indeed, when we s t a r t e d  t h i s  study, 

t he re  w a s  no c l e a r  information i n  t h e  published l i t e r a t u r e  

on the  p o s s i b i l i t y  of so lub i l i za t ion  of  a polymer phase, 

except some r e s u l t s  on polymerized nematogenic molecules ( 3 )  

(*I. More recent ly ,  C. NoEl e t  a1 (5) studied phase dia- 

grams of s i m i l a r  systems. I n  t h i s  le t ter ,  w e  give r e s u l t s  

obtained f o r  t he  para-azoxy-anisol (PAA) - poly ethylen 

oxide (PEO) system. 
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240 A. DUBALT, C. CASAGRANDE and M. VEYSSIE 

PAA-PEO phase diagrams The PAA (Princeton Organics) 

w a s  of good p u r i t y  and gave a sharp peak i n  d i f f e r e n t i a l  

scanning calorimetry ( c l ea r ing  temperature T = 135.5OC) ; 

the  PEO samples were obtained by anionic synthesis  (F. Can- 

dau - Strasbourg) and have a f a i r l y  good monodispersity 

(Q/Mn < 1.1) .  We used th ree  molecular weights : 2100 

(number of monomer u n i t s  = 45) , 7800 (178) and 44000 (1000) 

Mixtures of PAA with various polymer concentrations were 

homogenized by ni t rogen bubbling i n  the  i s o t r o p i c  phase of 

PAA (Tc * 137OC) during th ree  hours. We then observed a 

droplet  of each samples under polar iz ing microscope t o  

determine t h e  t r a n s i t i o n  temperatures TI and TN (see below) 

as a fonction of concentration and chain length : 

C 

PAA-POE 2100 The macromolecules of such chain length ------------ 
a r e  soluble i n  the  i s o t r o p i c  phase f o r  concentration by 

weight, c, up t o  about 5 %. But, when w e  slowly cool down 

a mixture d rop le t ,  w e  observe t h a t  i f  c > 1 %, one p a r t  of 

t h e  sample remains 

i s o t r o p i c ,  even 

iDOMAlN 
h 

l i z a t i o n  temperature. * I  > 
down t o  the  c rys t a l -  

For concentrations 2 
lower than 1 %, w e  3 0 1 3 t  
obtain a phase dia- 

gram as shown on 

f i g .  1 f o r  which we 

can determine two El25 

Q, e 
E 

N E M A T I C  
I 

I L I caracteristic t e m -  I - - 
peratures  TI and TN 

f o r  each value of c: 

.5 1 
p o l y m e r  ( %  in weight) 

when the  temperature - Figure 1 
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TWIST VISCOSITY OF POLYMER-NEMATIC MIXTURES 241 

i s  decreasing, t he  nematic phase begins t o  appear a t  TI 

and t h e  i so t rop ic  phase completly disappears a t  T N  (For 

c = 0 ,  TI = TN = T c ) .  We not ice  t h a t  va r i a t ion  of TI i s  

very slow (Tc - TI 0.2OC f o r  c = 1 %) while TN decreases 

rapidly ; t h i s  l as t  point  explains t h e  inaccuracy of our 

determination of TN. 

PAA-POE 7800 In t h i s  case, w e  observe a l iquid- l iquid ------------ 
phase separation i n  the i so t rop ic  phase even f o r  c as low 

as 0.5 %. Only t h e  f r ac t ion  poor i n  polymer gives a nematic 

t r a n s i t i o n  with Tc - TI = 0.2OC, and Tc - TN = 2.5OC. 

PAA-POE 44000 For t h i s  molecular weight, t h e r e  i s  also ------------- 
a par t ia l  s o l u b i l i t y  i n  the  i s o t r o p i c  phase, bu t  a quasi- 

t o t a l  i n s o l u b i l i t y  i n  the  nematic phase +. 
W e  determine y1 by a study of a dynamics i n  a Freederi- 

c k z  t r a n s i t i o n  following the experimental method of P ie-  

ransky e t  a1 (7) which gives  y1 with an accuracy of 5%. The 

samples had a thickness of 1 9 0 ~ .  They were or iented i n  

a planar  t ex tu re  between g l a s s  plates grinded with diamond 

p a s t e  (which ensures a strong anchoring). The sample tempe- 

r a t u r e  were regulated a t  5 0.1OC. 

On f i g .  2 ,  w e  r epor t  t he  yl/Xa as a function of tempe- 

r a t u r e  (xa : diamagnetic anisotropy) fo r  pure PAA, and PAA- 

PEO 2100 ( c  = 0.6 % and 1 % ) .  For pure PAA, t h e  accuracy i s  

within 5 %, f o r  the mixtures, t he  dispersion is somewhat 

l a r g e r  (probably due t o  f luc tua t ions  i n  polymer concentra- 

t i o n s ) .  The p o i n t s  on t h e  p l o t  a r e  averaged from several  

measurements. I t  appears c l e a r l y  t h a t  y1 i s  increased by 

t h e  so lu t e  polymer chains. 

+ These r e s u l t s  are q u a l i t a t i v e l y  s i m i l a r  t o  these of 

Kronberg (6) f o r  an another polymer-nematic system. 
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242 A. DUBAULT, C. CASAGRANDE and M. VEYSSIE 

opure PAA 

o PAA-O,6% PEO 2100 

GPAA- 1% PEO 2100 

x 

6, 

5, 

I i 
I t 

125 130 TCtl - Figure 2 
To g e t  more s i g n i f i c a n t  r e s u l t s ,  w e  p l o t t e d  on Fig.  3 

t h e  y1 values  as a func t ion  of t h e  reduced temperature  T/TN. 

For each concent ra t ion ,  t h e  TN va lue  i s  obta ined  from t h e  

b ina ry  diagram ; f o r  xa, w e  used the  PAA values  given by 

Gasparoux e t  a1 ( 8 )  (renormalized as a func t ion  o f  t h e  re- 

duced temperature T/TN).  This  p l o t  shows t h a t  t h e  inc rease  

Ayl of the  t w i s t  v i s c o s i t y ,  depends on t h e  polymer concen- 

t r a t i o n  ; f o r  i n s t ance ,  t h e  r a t i o  Ayl (c = 0.6 % ) /  Ayl 

(c  = 1 % )  a t  T / T ~  = 0.987 i s  equal  to  0.52,  Ayl i s  essen- 

t i a l l y  l i n e a r  i n  t h e  polymer concent ra t ion .  N o t e  t h a t  t h i s  

e f f e c t  is s t rong  Ayl/yl a 

argument for a swollen, a n i s o t r o p i c  conformation of t h e  

polymer. 

0.7 for c = 1 %. This  i s  an D
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These experimental r e s u l t s  have t o  be compared t o  a 

t h e o r e t i c a l  expression f o r  Ay1 due t o  F. Brochard (1) : 

N R4 
where 

- cm i s  the  monomer concentration (proportional t o  c) 

- N the  number of monomer u n i t s  by chain, 

- T i s  t h e  r o t a t i o n a l  re laxat ion time of the  coil ,  

- R and RI are t h e  radius  of gyration p a r a l l e l  and per- 
// 

pendicular t o  the d i r ec to r  (R2 = R2 + 2 R2 1. // L 
Conclusion : We showed t h a t  it i s  possible  t o  solubi- 

l i z e  PEO chains (of molecular weights lo3  - lo4) i n t o  a 

nematic phase up t o  concentrations of t h e  o rde r  of 1 %. 

The r e su l t i ng  increase of  y1 implies an anisotropy of poly- 

m e r  conformation. Further experiments are cu r ren t ly  under- 
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244 A. DUBAULT, C. CASAGRANDE and M. VEYSSIE 

way t o  spec i fy  t h e  dependance of Ayl with M .  
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