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ROLE OF MOLECULAR PARAMETERS ON THE MISCIBILITY OF 
SIDE-CHAIN POLYMER SOLUTES 

G. SIGAUD, M.F. ACHARD, F. HARDOUIN', H. GASPAROUX 
Centre de Recherche Paul Pascal, 
Universite de Bordeaux I 
33405 Talence, France 

AbsLrAct : Binary phase diagrams between a liquid 
crystalline side chain polymer and a low molecular 
weight nematogen have been analyzed with regard to 
their miscibility in the nematic state. Phase separa 
tion is frequent in these solutions and varying the 
chemical structure of the components has strong in 
fluence on the critical temperature. In addition, we 
observe that these mixtures are likely to produce 
induced smectic A phases the stability of which is 
similarly influenced by modifications of the molecular 
parameters. 

1. _INTRODUC_TION 

Mixtures of mesogens have been (and still are) extensively 
investigated f o r  their use in displays1 and have been (and 
still are) of great help for the understandlng of various 
fundamental problems (characterization*, NAC critical points" 
reentrant phases4, polymorphism of polar compounds5.. - 1 .  On@ 
can then expect new benefits from the study of mixing a side 
chain mesomorphic polymer with a low molecular weight (LMW) 
nematogen. However the analysis of these systems is compli 

'Present address : Laboratoire LPon Brillouin, CEN S a c l a y  

91191 Gif-sur-Yvette, France 
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444 G. SIGAUD, M. F. ACHARD, F. HARDOUIN AND H .  GASPAROUX 

i d e a l  manner. They dre h i g h l y  s e n s i t i v e  

t i o n s  of t h e  chemica l  c o n s t i t u t i o n  of 

can induce  l a r g e  d e v i a t i o n s  from t h e  

phase  s e p a r a t i o n s  and induced  s m e c t i c  A 

i n  t h e  f o l l o w i n g  s e c t i o n s  of t h i s  p a p e r .  

T h t  s y s t e m s  i n v e s t i g a t e d  a r e  t h u s  

ween : 

~ a t e d  by the f a c t  t h a t  t h e s e  s o l u t i o n s  r a r e l y  behave i n  ail 

t o  l i t t l e  nioditicct 

h c  components which 

d e d l  c a s t  : s u c h  a s  

p h a s e s  a s  d e s c r i b e d  

b i n a r y  mixtures b e t  

- a rod  l i k e  LMW nematogen i n  wh ich  t h r e e  p a r t s  can  u s u a l l y  

be c o n s i d e r e d  a s  v a r i a b l e s  : t h e  c o r e  and t h e  two t a i l s  

( F i g .  1 ) .  

SYSTEMS : 

Solutions between Porometers 

y\r -core \ 
-2 'toils' 

I 
I * 

valid for 

side group 

-noture of 

main chain 

-molecular weight 

-polydispersity 

-otocticity 

-degree of 

substitution 

F i g u r e  1 
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 445 

- a side chain polymer' which in addition to three possible 
modif icaticjiis i n  the mesogenic pending group (core, spacer 
and free extremity) o f f e r s  f i v e  other variable parameters : 

the  nature of the main chain, the molecular weiyht, the po 
lydispersity, the tacticity and the grafting rate. 

The study o t  the distinctive influence o t  these rnolecu 
lar paramettrs on miscibility propertie requires that each 
modification is made under the control of a l l  other 
par ame t e r s . 

The technique applied to explore the very large number 
of diagrams resulting from this methodic approach is the 
c-ontact method already described elsewhere6 : it is rapid and 
saves material. 

2. CASES OF PHASE SEPARATION 

The relevant parameter which we obtain from the contact me 
thod to characterize the phase separation is the critical 
temperature of the consolute point (TL). The values of T< 
are then plotted as a function of the modifications introdu 
ced in the structure of one of the components of the mixture 

(Fig. 2 ) .  

T 

Tc I 

Tcz 

Tc3 

Temperature to which 
the dividing line disappears. 

L.M.W. 
L.C. 

I 
Side chc 

T 

polymer 

Figure 2 

critical 
temperatures 

chonges in 
L.M.W. solvent or 
side chain polymer. 
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446 G,  SIGAUD, M .  F. ACHARD, F. HARDOUIN AND H.  GASPAROUX 

2.1) Study of phase separation at constant backbone : 

The i ~ i n  chain used at this end is a polyn~ethylsiloxane 

( P H S ) .  This choice is driven by two reasons : 
- Side-chain PVS werr r+ported first to induce neiiiatic-nrrnd 
tic yaps of miscibility’ 
- As the synthesis of these polymers is made through a subs 
titution on a hydrogen0 PMS available with reproducible s p e  

cifications, one can easily control the molecular weight and 
polydispersity of t h e  final material. 

Thus, these PMS are convenient to study : 

- the influence of variations in the solvent given the poly 
iner (backbone and side g r o u p ) .  

- the influence of variations in the side group given the 
solvent. 

2 . 1 . 1 .  Modifications in the solvent : 

- WE. use the following constant PMS’ : 

P4,l 

S, -75OC N -104OC I 
- Different families of solvents with different cores have 
been used. In each family we have varied the lengths of the 
aliphatic tails and then plotted Tc as a function of the to 
tal aliphatic content of the solvent (n C H 2 )  (Fig. 3a and 
3 b ) .  
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 447 

The r e g u l a r  i nc rease  o f  T, w i t h  i n c r e a s i n g  n ' "  (Fig. l a  

aiid < b j  mi t h e  evolution a t  cons tan t  n from one series t o  

,tllothei (eg F i g .  3b) rail b t  r e l a t e d  t o  the  dec rease  of t h e  

smectogeoic c h a r a c t e r  (TI IA  coinpared t o  Ts [ of t h e  t;Lilvent 

( F i g .  4a and 4 b ) .  

F:yl \ l  +s 3 d  A!Id 3 b  F i g l i r e s  4;1 and 4b 
Evolution of the critical temperature Evolutions of the nematic-isotropic 
versus the aliphatic content in diffe and nematic-smectic A temperature 
rent series of solvents. ( X  : phase of transition 
separation in the isotropic liquid - a) in the series of naphtalene 
0 : phase separation in the nematlc derivatives (3a) 
phase). b) from one series to the other 

(solid line 3bl 
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448 G.  SIGAUD, M .  F. ACHAKD, F. HARDOUIN AND H.  GASPAKOUX 

2.1.2. Modifications i n  the side group : 

- 111 this case the invietigations are made at constant se 

ries of solvents'' : 

- The influence of the flexible part have been mainly  a n n l y  

zed. 

- I n f l u e n c e  of the length of the spacer (Fiq. 5 )  : a more 

flexible spacer lowers T ( Jecoup l ing  from the backbone f a  

vours the solubility). 
c 

1,tT 

m 

ia 

( 

I 

I I I I I I I I I  

11 12 13 14 IS 16 17 , 18 19 * 
nC o f  &he 2 rliphalic ~ I I S  

F i g u i e  5 crosses dnd duts : see figure 3 
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 449 

- Influence of th2 length of the free extremity (Fig. 6 )  : 

the lengthening of this part which is related to a loosening 
of the pair associations among the side groups of different 
chains results in a decrease of Tc too". 

01 I I I I I I I I I 

11 12 13 14 15 16 17 18 19 
nC o f  the 2 aliphatic tails 

* 

Figure 6 - crosses and dots : see figure 3 

2.2) Study of phase sepazatior. with different backbones 

It was of qreat iinportance to give evidence that iminiscibi 
I i t y  is not a singular characteristic of PMS. 

This part has  been performed using a constant series of 
sulvents : 
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450 G. SIGAUD, M. F. ACHARD, F. HARDOUIN AND H. GASPAROUX 

3 0 0 ,  1 s  - q I I 8 m 

250 - v v polyacrylote 

0 t- v -  200 - A A polymethocrylate / L f L  
150 - 4, - 

/* 
loo ; / - 

5 0 1  . I ' ' ' ' ' ' ' ' ' 

The same side g r o u p  : 

- - - - - ( C H 2 ) & a  COO @OCH3 

h a s  been g r a f t e d  on two d i f f e r e n t  b a c k b o n e s  

I 
0 

I 
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 45 1 

-- 

Cdii wt ~‘umpdrt T< from one mattrial to r;hr o t h t r  frurn a 
q b a n t i t a t i v e  point of i i zw : In f a c t  we rannot  dircctly a t  
t r i b u t e  thc  elitlie variation uf ‘1 t o  tho only chinge in 113 

t u r e  uf the backbolie. Chaiiaing fruin PMS to PA and PPIA i m  

D ~ L L - S  t o  t a k e  also in act-ount d change: in moltc-ular weight 
and i n  polydispersity (see table 1). A t  this point it dp 
pears w o r t h  looking at the effect of the molecular w e i g h t  

< 

300 1 

100 - / 
50 I 

25000 

PMA 354000 >2 

Table 1” - I : index of polydispersity 

The figures 8a and 8b present the influence upon T, of 
variations of M w  for two samples of PMS and two sainples of 
P A .  Either the difference in Tr is small (for PFS) or null 
(for P A )  : this attenuation inay be connected to the larger 
polydispersity of the PA samples. 

P&, Mw= 6000 1>2 

P% M,= 25000 I>2 

PMS, MW= 12600 1<1.2 

PMS, Mw= 28700 1<1.2 

300 7 

Figure 8a Figure 8b 

Ecipty and filled triangles : see figure 7 
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452 G. SICAUD, M. F. ACHARD, F. HARDOUIN AND H. GASPAROUX 

250 

200 

150 

100 

50 

0 e 

Owing t o  this limited effect of mass one can try 7 com 
parison between a P A  and a PMS sampl<. hearing the  sarae side 
group (Fig. 9 )  which shows no large difference 111 TL at c o n s  

tant solvent. 

- 
-0 

- v v PA 

,x - A PMS 

- V’* 

- 
3 4,’” 

- 

- r‘ ,,- //A - 
A,., 

I I I I I I I I I 

300 ; 

Figure 9 - empty and filled triangles : see figure 7 

The comparison of the effects of modifications in the 
side group makes also sense : a decrease of T is observed 
f o r  a lengthening of the spacer or of the free extremity in 
the case of PA or PMA backbones as is the case with PMS. 

To conclude this section on phase separation one can 
note that substituting polar side groups has a spectacular 
effect whatever the main chain is : complete immiscibility 
is observed in the given series of non polar solvents used 
in this work. A detailed discussion of the effect of polari 
ty will be disclose in a forthcoming communication. 
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 45 3 

3 )  CASES OF INDUCED SMECTIC A PHASES 

Binary mixtures of low molecular weight mrsogens inostly ex 

hibit simple eutrctic type phase diagrams (Fig. lea). Some 

t i i i i r s  a domain of induced srnectic A phase is injected in a 
g i v e n  range of molar fractions (Fig. lob) : polar/non polai 
binary mixtures are more likely to exhibit this non ideal 
behavior which is really uncommon with non polar  /non polar 
systems. 

T *  I * T  

K, + K, 

Figure 10a Figure 10b 

In contrast, induced S A  are easily observed in blends 
of a LMW and a liquid crystalline side chain polymer. This 
is the case when a polar LMW and a non polar polymer are mi 
xed. B u t ,  although more unexpected, it is now often observed 
in binary diagrams of a non polar LMW and a non polar 
polymer. 

Using the contact method, these enhanced smectic phases 
can be characterized by their temperatures at the maximum, 

TSA. The influence of the molecular parameters of the compo 
nents phenomenon is then analyzed plotting Tsn as a 
function of the structural modification as done for Tc. So, 

on the D
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454 G. SIGAUD, M. F. ACHARD, F. HARDOUIN AND H.  GASPAKOUX 

A 

T 
gap of miscibility 

sin::e the var iables  arc the same, :I direc t  coliiparison bet 

ween the svolutiutis o f  T, atid T!;, is p o s s i b l e .  
For example the f igure  11 :;bows that Tc , iti(:rca:ieis w i t h  

iricrtasirtg a l i p h a t i c  content of  the s o l v m t  (1. .e .  : I I W ~ . : . I  

s ing smectogenic character of the  s o l v e a t )  and that  TJ,, dr? 

creases  w i t h  increasing length of the spacer i n  the side 

group : T:;,, and Tc r.::jpond q u a l i t a t i v e l y  irr the s a w  way t o  

these  s tructural  modifications.  

.. . 

4 
T 

*0° 

150 spacer n = 3  

OU I- I 
c 

loo i 
I 

50 r ‘ I I 

10 15 n CH, in solvent 20 

F i g u r e  11 - TrmpcratiirL .;it t l i z  inaxinnuni o f  indticed sniectic A 

phase  a s  a f u n c t i o n  of t h e  a l i p h a t i c  c o n t e n t  of t h e  s o l v e n t  

( s m r  svries a s  i n  2 . 2 )  
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MISCIBILITY OF SIDE-CHAIN POLYMER SOLUTES 455 

200 

150 

100 

50 

PMS 
, " '  C " "  

10 15 n CH, in solvent 20 

4 ! e C N C  LIJ s ION 
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456 G. SIGAUD, M. F. ACHARD, F. HAKDOUIN AND H .  GASPAROUX 

- At last, we point out that, among the numerous binary sys 
tems investigated so far, we never observed phase separation 
with laterally attached side groups on a PMS backbone". 

One may wonder wether the phase separation is characte 
ristic of liquid crystalline comb polymers. 
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