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LIQUID CRYSTALLINE SIDE CHAIN POLYMERS WITH 
FLUORENE AS MESOGENIC GROUP 

GERHARD KOSSMEHL, MICHAEL SCHULZ, Institut f u r  
Organische Chemie. Freie Universitat Berlin Takustr.3. D-1000 
Berlin 33. FRG 

HANS-MARTIN VIETH. ARTHUR V A N  DER EST, Institut f u r  
Atom- und Festkorperphysik, Freie Universitat Berlin 
Arnimallee 14, D-1000 Berlin 33, FRG 

Abstract The properties of some liquid crystalline side chain 
polysiloxanes with 2,i'-disubstituted fluorene as mesogenic unit 
are reported. The polymers exhibit smectic A and smectic E 
like textures. Beside DSC and polarizing microscopy 2H NMR 
spectroscopy was used to characterize the phase transitions. 
Anthracene-dlo was used as a solute probe molecule and its 
order parameters were calculated i n  the liquid crystalline 
polymer phases. Two other low molecular weight liquid 
crystals (8CB. MPNOF) were studied by the same method. The 
general use of anthracene-dl for 'H NMR spectroscopy as 
probe molecule for liquid cr ys?alline polymers is discussed. 

Low molecular weight liquid crystals with a 2.7-disubstituted 
fluorene unit are well known and have been thoroughly 
investigated'. W e  wish to report on the characterization of some 
liquid crystalline polysiloxanes with 2.7-disubstituted fluorene as 
mesogenic unit in the side chains (see Fig.].). 
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The use of solute molecules as probes for the study of orientationai 
ordering in low molecular weight liquid crystals is a well 
established method2-’. The NMR spectra of such solutes yield only 
an indirect measure of the ordering of the liquid crystalline 
soluent. However, they are much easier to interpret than the 
spectra of liquid crystal molecules themselves. This is particulary 
true for polymeric liquid crystals where the motions of mesogenic 
units are often only partially averaged on the NMR time scale. 

Details of the preparation and characterization of the polymers by 
usual spectroscopical methods and elemental analysis will be 
given in another paper. 

Phase behav iour of the Polvmers 

Tab.1. Thermal transitionsX (OCI of the polymers 
cycle 
h 
C 

h 
C 

h 
C 

h 
C 

transition temDerature 

g 130-140 S 170-191 I 
I 180-157 SA142-138 S, 135-116 g 
g 137-143 S, 174-1941 
I 192-166 S, 139-130 g 
g 141-153 S, 153-158 S, 
I 177-155 S, 154-147SE 
g 97-133 S, 152-163 S, 

I 182-163 S, 153-141 S, 

68-186 I 
43-133 g 
68-194 I 
21- 80 u 

Y .. I 

-DSC, polarizing microscopy, S-smectic like (A,E> 
I-isotropic state, g-glassy. h-heating cycle,  c-cooling cycle 

As may be seen in Tab.1. the polymers exhibit only smectic meso- 
phases. The SA-like mesophase exhibits a conical fan texture and 
the SE-like phase has a conical fan texture with concentric rings. 
The SE-like texture freezes to a glassy state with decreasing 
temperature. A crystallization was not detectable by further 
cooling. 
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Petermmt1on of the ori entational o rderinq 
. .  

Here ,  we have chosen anthracene-dl0 as a probe of the 
temperature dependence of the orientational ordering in the liquid 
crystalline polymer & and in two low molecular weight liquid 
crystals, 4-cyano-4'-octylbiphenyl (8CB, K 21.5 SA 33.5 N 40.5 I) 
and 2-(4-methylpentyl)-?-nonanoylfluorene8 (MPNOFI K 80.5 SA 105 
I). 2% w/w anthracene-dl0 were dissolved in the isotropic phase of 
the matrix. This low concentration had little effect on the 
measured transition temperatures and no effect on the observed 
textures of the solvents. 2 H  NMR spectra were taken with 
descending temperature from the isotropic phase down to the solid 
respectively glassy state. The quadrupolar splittings were directly 
obtained from the spectra . The order matrix of the solute was then 
calculated from these splitting using literature values of the 
molecular structure and electric field gradient tensor at the site of 
the deuteron6e7. 

Y f 

. z  

/' 

Anthracene with symmetry axes 
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Fig.2. 

In F i g 2  the order parameter S,, of the long axis of the anthracene 
molecule is plotted against reduced temperature (T/TsA.TsA- 
transition to smectic A phase) in the three solvents. As can be seen, 
in  8CB a typical Maier-Saupe9 dependence is observed in the 
nematic phase. Note also that the temperature dependence is much 
weaker in the smectic A phase than in the nematic phase. The 
central aromatic core of MPNOF is  also a 2.7-disubstituted fluorene 
unit and hence this liquid crystal can be seen as a low molecular 
weight analogue of polymer Here. the weak temperature 
dependence of S,, typical of a smectic phase is observed. 
In the synthesized liquid crystalline polymer & the measured 
orientational behaviour closely corresponds to the phase transitions 
given in Tab.1 . On cooling, a weakly ordered phase (smectic A 

like, SZz= 0.55-0.60) appears which then converts at T - 14OoC (see 
Tab.].)  in a sharp step to a higher ordered phase Csmectic E like, 
Szz=0.?O-0.73X Likewise , the order parameter (S,,-Syy) changes in 
all cases in a consistent manner with the mesophase transitions of 
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the studied matrix . I t  is interesting to note that S,, for anthracene 
is considerably larger in MPNOF than in the other two solvents. 
This indicates that anthracene molecule experiences a different 
orienting potential in this liquid crystal. I t  is possible that this is 
due to an inherent difference in the structures of the smectic 
phases of the low molecular weight (MPNOF) and polymeric (2b) 

2.7-disubstituted fluorene liquid crystals. 

Summary 

We have shown that the existence of pa tiall orde ed mesophase 

can be easily demonstrated from the 2H NMR spectrum of solute 
molecules dissolved in liquid crystalline polymers . This provides 
a simple method for the characterization of such systems. 
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