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Abstract 
A few organosilicon compounds (OC) – both cyclic 
and linear siloxanes with different structure of the 
substituents – have been synthesized. Properties of 
the LC anchoring on OC films have been measured. 
The OC investigated provide the homogeneous planar 
alignment with LC tilt angle in the range from 0.7° to 
1.9°. An increase of the microrelief depth results in a 
small increase of the tilt angle. The azimuthal 
anchoring is better for the films of the OC without 
molecular microrelief or the OC comprising polar 
groups.  
 
1. Introduction 

Organosilicon compounds (OC) are 
promising substances to orient liquid crystals (LC) 
owing their stability to mechanical and thermal 
impact, moisture, simplicity of their coating onto both 
glass and plastic substrates [1]. That is a green 
technology because of low manufacturing cost and 
power saving. Methods of OC aligning coatings 
fabrication and films properties are described in [2]. 
In [3] different methods of measuring polar and 
azimuthal components of the anchoring energy (Wθ 
and Aφ, respectively) of the LC on glass substrates 
have been described, and values of both components 
as well as LC tilt angles θ have been listed. For 
various trimethoxy- and ethoxysiloxane derivatives 
studied in [3] the Wθ values are as high as 6·10-5 J/m2 
in average, relative values of azimuthal anchoring 
Aφ/ANylon6 range from 0.4 to 2.1, and θ values range 
from 0.1˚ to 0.6˚ for planar alignment and from 88˚ to 
89.6˚ for homeotropic alignment. In [4] aligning 
properties of some cyclic siloxanes have been 
described which did not provide stable LC orientation. 

An urgent task is to increase the anchoring 
energy of the OC and substrates and vary LC tilt 
angle in wider range. The authors suggested a method 
of forming of the OC films with molecular scale 

microrelief. In this case substituents in a siloxane 
chain may have both size and shape corresponding to 
parameters of the mesogenic molecules. 

The polar energy Wθ is comparable with the 
elastic energy U of nematic LC (NLC) on the 
substrate’s surface with periodic relief. If such relief 
has height A and period Λ (wave vector q=2π/Λ) then 
the excess value of the elastic energy for the NLC 
aligned perpendicular to the relief trenches in 
comparison with the elastic energy for the NLC 
aligned parallel to them is described by an expression 
[1,5] 
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where K is a Frank elasticity constant of the NLC 
(single constant approximation). Its typical value is as 
high as 10-11 N. If A = Λ = 1 µm then U = 6*10-4 J m-2. 
If the microrelief has a value in nanometer scale then 
the NLC excess value of the elastic energy increases 
significantly (U = 0.6 J m-2 at A = Λ = 1 nm). 
The goal of the investigation is to create new OC on 
the base of both cyclic and linear siloxanes with 
different structure of the substituents and measure 
performances of the OC and the substrate surface. 
 
2. Experimental  
 

A synthesis of ω,ω’-dihydrooxyolygomethylethylsiloxanes 
and other intermediates with optimized process 
parameters was implemented. Then the OC films 
were coated onto the glass substrates from a toluene 
solution with using of a centrifuge.  

Formation of the molecular microrelief owing 
to difference of sizes of both С-Н and С-СН3 groups 
in the OC (CH3)3SiO[(CH3)2SiO]n[(CH3)HSiO]mSiO(CH3)3 
is illustrated in Fig.1. 
 A method of the LC tilt angle is based on a 
change of a planar LC cell transmission during the 
cell rotation [3]. In [3,6] a spectroscopic method of 
measurement of the twisting angle in the 90° TN LC 
cell is described as well as a method of calculation of 
the azimuthal component of the anchoring energy of 
the LC and the substrate. Data on ∆φ - a deviation of 



P1-133 / V. G. Mazaeva 

IMID 2009 DIGEST • 

the real twisting angle from its value 90° in the ideal 
TN cell as well as on Aφ/ANylon6 – azimuthal anchoring energy 
reduced to the azimuthal anchoring of nylon and the 
glass substrate. The measurement accuracy is 0.2° for 
both tilt angle and deviation angle ∆φ. 
3. Results and Discussion 
 The chemical formulae of the OC and data on 
tilt angle and azimuthal anchoring are listed in Tables 
1 and 2. Some compounds are described only by one 
parameter mentioned owing to sample imperfectness. 
 All OC studied provide the homogeneous 
planar alignment with LC tilt angle in the range from 
0.7° to 1.9°. The smallest tilt is obtained for a cyclic 
compound [(CH3)(C2H5)SiO]4. An influence of the 
molecular microrelief is illustrated by OC 2 and 4 in 
Table 1. An increase of the microrelief depth results 
in a small increase of the tilt angle.  
 On the films of the OC without molecular 
microrelief or the OC comprising polar groups (CN, 
NH2, C6H2) the tilt angle values are remarkably lower 
(from 0.1° to 0.6°) [3]. 
 In all TN-cells with the compounds studied 
the twisting angle differs from the value determined 
by surface conditions (90°). The smallest value was 
obtained for the OC with a double C=C bond in the 
substituent. Comparison of the anchoring energy for 
both cyclic compounds (2 and 3 in Table 2) shows its 
reduction for the pentacycle [(CH3)(C2H5)SiO]5. Such 
substance may form less ordered film on the glass 
substrate taking into account the molecular structure 
symmetry. The azimuthal anchoring is better for the 
films of the OC without molecular microrelief or the 
OC comprising polar groups the azimuthal anchoring 

[3]. It is compared with such parameter of the 
polymers used in LC displays manufacturing. 
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Fig.1. Structural formula of the OC (CH3)3SiO[(CH3)2SiO]n[(CH3)HSiO]mSiO(CH3)3 to illustrate the molecular microrelief 
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Table 1. Tilt angle in the TN LC cells with the OC studied 
 

No. Organosilicon compound Tilt angle 

1.  [(CH3)(C2H5)SiO]4 0.7° 
2.  (CH3)3SiO [(CH3)2SiO]n[(CH3)HSiO]mSi(CH3)3 1.3° 
3.  CH2=CHSi(OCH3)3 1.5° 
4.  [(CH3)(C2H5)SiO]- [(CH3)2SiO]3 1.9° 

 
Table 2. Data on azimuthal anchoring 
 

No. Organosilicon compound ∆φ Aφ/ANylon6 
 Nylon-6 2.2º 1 
1. CH2=CHSi(OCH3)3 4.2º 0.52 
2. [(CH3)(C2H5)SiO]4 10.9º 0.19 
3. [(CH3)(C2H5)SiO]5 14.7º 0.14 
4. (CH3)3SiO[(CH3)2SiO]n[(CH3)HSiO]mSiO(CH3)3 28.6º 0.06 

 




