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ABSTRACT

Here we report on the study of vertical alignment of a nematic liquid crystal due to the segregation between perfluori-
nated and the polysiloxane groups of a multi-component composite alignment material. The measured surface anchor-
ing energy was found to depend on the relative amount of polysiloxane matrix in the composite material. These kind of

self-assembly will reduce the preparation time for display by eliminating few steps.

Keywords: VA; Nematic; Self Assembling; Vertical Alignment; Anchoring Energy

1. Introduction

Liquid Crystal alignment is the subject of interest ever
since it is used in the display industry. Many materials
capable to align liquid crystals (LC) have been discov-
ered lately and used for preparation of alignment layers
in liquid crystal displays (LCDs). Majority of these ma-
terials are devoted to vertical alignment (VA) since this
kind of alignment offers some advantages such as high
contrast ratio and no need for mechanical rubbing. The
most important physical mechanism behind VA is the
low surface energy of the alignment surface [1]. How-
ever, depending on the alignment material structure, the
LC molecules may interact sterically with the molecules
of the alignment material. As shown in ref. [2], the steric
interactions are playing an important role for the quality
of VA and the magnitude of the anchoring strength. Con-
siderable attention has been consecrated to self-assem-
bled materials, among all other materials which promote
VA, because of their wide applications in advanced ma-
terials such as optoelectronic materials since they have
the ability for self-assembling into regular manner with
Nano sized structures [3]. Perfluorinated groups are
widely used for many applications as self-assembled
materials since they show very interesting properties
such as low surface energy and high chemical and ther-
mal stability [3-7]. It has been observed that the align-
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ment layers with low surface energy, such as the fluo-
rine-rich films, usually gives rise to VA since the surface
energy of the alignment layer is less than the surface en-
ergy of the liquid crystal [8,9]. In general fluorination
process enhances the rigidity of the molecules and in-
creases the stability by reinforcing the microphase seg-
regation with the polar groups due to the high electro-
negativity of the fluorine atoms [3,4,10]. In this work
perfluorinated groups, regarding their properties, were
used as a part of mixture to perform an alignment mate-
rial as a feasible method to achieve a uniform good VA
to fulfill LCDs development requirements.

2. Experimental

Here we report on the study of VA of a nematic liquid
crystal promoted by multi-component composite align-
ment materials. For our experimental study, conventional
sandwich cells were prepared. The cells’ substrates were
pre-coated with transparent conductive layer ITO with
alignment layer deposited on top of it.

A photopolymerized thin film, prepared from a multi-
component composite material with perfluorinated and
polysiloxane groups as major components, was used as
alignment layer. The chemical structures of the compo-
nents of the composite alignment materials, which were
studied in this work, are shown in Figure 1.

The relative ratio of these components in the compos-
ite material blends are given in Table 1.

Perfluorinated siloxane polymers have attracted our
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Figure 1. Compounds used of the composite alignment ma-
terials: polysiloxane crosslinker (a), perfluorinated (b) and
polysiloxane units (c) and photointiator (d).

Table 1. Alignment materials composition.

Composite Components

alignment

material a wt% b wt% c wt% d wt%
Mixture 1 83 15 - 2
Mixture 2 54 6 39 1
Mixture 3 53 16 29 2
Mixture 4 - 89 8 3

attention since their side perfluorinated groups have the
ability to segregate and self-assembled in nano-sized
domains when mixed with polysiloxane. In these do-
mains the perfluorinated groups are assembled in a regu-
lar fashion, as illustrated in Figure 2, oriented preferably
perpendicular to the alignment layer surface.

3. Sample Preparation

The composite material was dissolved in polyglycol
methyl ether acetate (PGMEA) and 1% wt solution of the
material was spin coated on top of the ITO layer at speed
3000 rpm for 20 seconds. The coated substrates then
were baked at 100°C for 15 min to evaporate the solvent.
UV photopolymerization was carried out at room tem-
perature by normal incident of a non-polarized UV light
at an energy level of about 20 mJ/cm® for different ex-
posure times. The prepared experimental cells were of
conventional sandwiched type with cell gap of about 3 -
4 um.

Nematic liquid crystal MLC 6608 (A¢ < 0) (Merck)
was injected into the cells. A reference cell with align-
ment layer made from the VA material SE-1211 (Nissan)
dissolved in N-Methyl-2-Pyrrolidinone (NMP) with con-
centration of 5% wt, was prepared too.

4. Results and Discussion

Very good and uniform VA was found in the cells at ex-
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posure time of 20 min. Figure 3 shows the cartoon dia-
gram of the orientation of the molecules promoted by the
multi-component composite alignment materials.

The steric interactions between the self-assembled flu-
orinated groups and the liquid crystal molecules results
in stronger and more temperature stable vertical align-
ment. The alignment quality and the electro-optic char-
acteristics of the cells were studied in a Zeiss micro-
scope between crossed polarizers using a standard elec-
tro-optical set-up.

The measured values of the response times 7z, and 7,
are presented in Table 2. The polar anchoring energy W
was calculated using the Equation [11]:

T = 4pd / wn*

where, 7, is the rotational viscosity, d is the cell gap.

The polar anchoring energy measured in the cells with
alignment layer made from the composite materials
seems to be as strong as the one measured in the refer-
ence cell (c.f. Table 2).

Due to the segregation of the compounds, nano-sized
domains containing perfluorinated groups are formed in
the composite alignment material. The study of such
composite materials by NEXAFS shows that the fluo-
rinated groups are self-assembled in the way shown in
Figure 2 making an angle of about 45° between each

Fluorinated side groups

/ Siloxane groups

4— Substrate

Figure 2. Schematic presentation of the phase separation
and the self-organisation in the multi-component composite
alignment materials. Model built up on the information
gained by NEXAFS.

i

Liquid crystal molecules

‘. 1..) ‘ Alignment layer containing
) " fluorinated & siloxane side groups
\

«————— Substrate

Figure 3. Schematic presentation of the liquid crystal align-
ment promoted by the multi-component composite align-
ment material. The steric interactions between the self-as-
sembled fluorinated groups and the liquid crystal mole-
cules results in stronger and more temperature stable VA.

SNL



Composite Materials Containing Perfluorinated and Siloxane Units for Vertical Alignment of Liquid Crystals 13

Table 2. Fall 7, and rise 7, time, and polar anchoring
energy W.

Composite Anchoring
alignment T MS T, MS Az % 107 m/s energy
material Jim*x107°
Mixture 1 10 38 0.320 2.4
Mixture 2 14 24 0.264 2
Mixture 3 12 32 0.283 2.2
Mixture 4 22 60 0.205 1.5

Ref material - ¢ o) 936 0.453 2.17

SE1211

other [4]. Thus, the steric interactions between the self-
assembled fluorinated groups, oriented perpendicular to
the alignment layer surface, promote uniform, stronger
and more temperature stable vertical alignment. Figure 3
shows the way molecules oriented by the multi-compo-
nent composite alignment materials. Hence, two major
interactions are taking part in the VA of the LC promoted
by the composite alignment layer; one-due to the low
surface energy of the polysiloxane as well as of the
fluorinated groups, and the second one due to the steric
interactions between the self-assembled fluorinated groups
and the LC molecules.

It is also found that the relative concentration of the
polysiloxane and perfluorinated compounds in the com-
posite alignment materials is of importance for the align-
ment characteristics of the layers made from these mate-
rials enabling thus an efficient control of the properties of
the alignment layers.

5. Conclusion

A promising new series of photopolymerizable compos-
ite materials appropriate for promoting VA in LCDs with
very good quality, suitable thermal stability and anchor-
ing strength, is presented. The curing time for these ma-
terials can be adjusted and reduced by controlling the
relative amounts of the components used in the compos-
ite mixtures. The high quality VA, promoted by most of
these composite alignment materials and the strong polar
anchoring, seems to be a result of the peculiar nano-
structured surface.
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