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SYNTHESIS AND PROPERTIES OF SOME LIQUID CRYSTALLINE 
POLYSILOXANES 

H. RICHARD, M. MAUZAC, H. T. NGUYEN, G. SIGAUD, 
M.F.ACHARD, F-HARDOUIN, H-GASPAROUX 
Centre de Recherche Paul Pascal, Universite Bordeaux I 
33405 Talence Cedex, France 

Abstract Series of side chain polymethylsiloxanes 
are synthesized by systematically varying the spacer 
length, the inter-ring linkage and the free tail in 
the mesogenic moieties. The mesomorphic properties are 
studied by optical microscopy, differential scanning 
calorimetry and X-ray scattering. General properties 
are established. 

I JTRODUCTION 
A large number of polymers containing mesogenic side 
chains and polysiloxane backbone have been prepared and 
characterized I - ' .  In a previous paper' we report the syn- 
thesis of polymethylsiloxanes substituted with p-(polyme- 
thy1en)oxy-phenyl p-substituted benzoates. In the side 
group, the length of the flexible spacer, the length and 
the polarity of the terminal group are systematically va- 
ried. Aimed toward a better understanding of the role of 
the chemical structure on the mesomorphic properties we 
present in this work the synthesis and characterization of 
polymers including a range of new central linkages and ter- 
minal groups*. 

*Some compounds, previously studied by other authorslP2 are 
synthesized again to be compared with our own products. 
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142 H. RICHARD, et al. 

MATERIALS 

The general formula of the studied polymers is : 

CH3 

( c H ~ ) ~  si f o - si 1 o - si ( c H ~ ) ~  
I 

I 3 5  

" * a ,  x . 7. I, t 
(CH 2 0  ) 0-a- 2 -@- X 

n = 3-11, 2 = OCO, COO, OCH2, X = H, CH3, OCH3, NO2, CN 

*In previous papers*-" the polymers are labelled "PD, C N ' '  

or corresponding to unspecified 2 = OCO and X = CN "Pn,.'' 

Or OC.Hzm+ 1 - 
The mesogenic substituents are obtained by several classi- 
cal steps : 

1) For benzoate 

0 KOH,C2H50H 
a)RI Br + HO- 0 -OH -----+ R1O- 0 -OH 0 

1) KOH , C2 HSOH, H3 0' 
RIBr t H O - a -  COzC2HS + 

where R1 : CH2 = CH-(CH2)n-2 

2 )  S0Cd2 
RIO-'O -COC4? d 

pyridine 
b) RI 0- @ -OH t CdCO- @ -X- R1 0- @ -0CO- @ -X 

pyridine 
R l  0- @ -COCd t HO- @ -X- RI 0- @ -COO- @ -X 
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LIQUID CRYSTALLINE POLYSILOXANES 143 

2)  For benzyloxyphenyl series : 

The commercial products are obtained from Aldrich 
and used without further purification. 

Most of the synthesized compounds are purified on a 
silica chromatographic column, using various (etherlhexane) 
mixtures as eluent. 

The vinyl moiety is attached to the polymer backbone 
(from Merck) following a standard hydrosilylation reaction 
as previously described * .  The extent of completion is as- 
sessed by ’ H-NMR. 

CHARACTERIZATION OF THE MESOPHASES 

The mesogenic behaviour of the polymers was investigated by 
a Leitz-Dravert polarizing microscope equipped with a 
Mettler FP 52 hot stage. X-ray patterns for powder samples 
were obtained by a high temperature Guinier Camera (Hiiber) 
using the CoKccl radiation. Cooling from the isotropic state 
the samples of polymers were analyzed throughout the stabi- 
lity range of their mesophases. 

The glass transition and/or the melting temperatures 
were determined by DSC (Dupont 990): calorimetric data at 
the clearing points were also reported. 
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LIQUID CRYSTALLINE POLYSILOXANES 145 
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146 H. RICHARD, et a1 

RESULTS AND DISCUSSION 

The chemical constitution and the polymorphism are reported 
in the Table : 

The coupling of mesogenic molecules to the polymer 
backbone always increases their clearing temperature (Tc4) 
and tends to form higher ordered phases. Despite the fact 
that the vinyl moieties are mostly nematogens, only few 
polymers keep this character and their common feature is 
to exhibit a smectic A phase. If a non mesogenic moiety is 
linked (for example samples with Z = O C H 2 )  mesogenic poly- 
mers can be obtained. 

The polymers are generally semi-crystalline materials 
and relatively low glass transition temperature (Tg 6 40’C)  

is observed. Both glass transition and melting (Tm) tempe- 
ratures increase with the polarity of the X end. 

We successively discuss the influence on the polymer 
mesogenic efficiency of each parameter (spacer n, terminal 
substituent X, linking unit Z in the core structure) 
keeping the other ones constant : 

* As the spacer length (n) increases we notice regular 
trends in the liquid-crystal behavior : 

- All the transition temperatures increase reach- 
ing a limiting value and an usual even-odd ef- 
fect is observed on Tc4 and Tm. 

- The nematic tendency disappears and the smectic 
properties are found to become more marked. 
Similarly in the case of low molecular weight 
mesogens, the extension of an aliphatic chain D
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LIQUID CRYSTALLINE POLY SILOXANES 1 47 

gives direct smectic-isotropic transitions. 
- A smectic C phase may occur. 

* There is a strong influence of X on the polymor- 
phism : 

- Without terminal substituent (X = H) the com- 
pounds do not exhibit mesomorphic properties, 
as is commonly found with low molecular weight 
liquid crystal material. 

- X = OCH3 X = CH3 often induce 

- Incorporation of strongly polar ends ( X  =NOz, 
C N )  only leads to smectic phases. It generally 
promote high values which are almost the 
same for both terminal groups. 

and more easily 
nematic phases for even n homologues. 

A 

- In fact, the clearing point is connected with 
the polarity of X and gradually increases when 
X is successively C H 3 ,  0 C H 3 ,  a strong polar 
group ( N O z ,  C N ) .  

* The nature of the central linkage Z is also of great 
importance : 

- A flexible linkage (2  = 0 C H 2 )  makes the tran- 
sition temperature to drop or removes the meso- 
morphous character. 

- Replacement of 2 = OCO by Z = COO gives more 
frequently nematic phases and diminishes the 
thernal stability of the liquid crystalline 
phases. The variation of the polarity due to 
this modification of Z could explain this re- 
sult". 

- In addition, we observe that the direction of 
the central dipoles plays a more important role 
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d (A! 

35 

30 
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- 

Y 
0 - sd. - - " 

-P6,CN.CO0 

than the Z flexibility on the tendency to give 
a partial "bilayer" structure in the smectic 
phases of cyano-substituted polysiloxanes, as 
illustrated on the Figure 1 : 

20 I I I 1 . .  
-0.200 -0.03 

T;TIM 
-0.300 

FIGURE 1. Variation of the layer spacing (d) with redu- 
(TIM : isotropic-mesophase transition tem- ced temperature 

perature) for 

4' : Molecular length of the side chain measured in the 
most extended conformation. 

P B , C N , Z  and P6,0ca,,z series. 
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LIQUID CRYSTALLINE POLYSILOXANES 149 

The central group partial "bilayer" smectic 
efficiency order is : 

- oco - ) -  
* OCHz - ) - COO - 

Such a consideration can be applied to polysil- 
oxanes with a poorly polar terminal group OCH3 
in the pendant side chain : the replacement of 
Z = - OCO - by 2 = - COO - leads to the loss of 
the bilayering arrangement. As a result, a mo- 
nolayer Sc phase occurs with a small tilt angle 
( (  10')'' instead of a "partial bilayer" SA 

phase '. 
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