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Abstract 
We investigated vertical liquid crystal (LC) alignment 

effects of a self-assembled-monolayer (SAM) prepared on 
an anisotropic SiO2 surface where the field-induced LC 
reorientation produced a uniform single domain texture. We 
compared the results with the homeotropic-to-random 
planar reorientation results shown in LCs aligned on a 
SAM surface prepared on an isotropic SiO2 surface. 

  
 

1. Introduction 
 

There have been several reports on liquid crystal (LC) 
vertical alignment (VA) methods for wide-viewing multi-
domain LC modes, which include the vertical alignment 
(VA) methods using the patterned electric field or patterned 
surface topology on a conventional VA surface. Recently, 
newly developed LC alignment surfaces with azimuthally 
patterned pretilt distribution have been also reported for 
multi-domain LC modes, which uses combination of 
patterned planar LC alignment surface and VA surface or 
photo-curable liquid crystalline monomers. However, it is 
required to develop an alternative method, considering 
reliability and cost-effectiveness of recent approaches. 
In this work, we investigated VA effects of a self-

assembled-monolayer (SAM:Octadecyltrichlorosilane 
(OTS))[1] depending on the anisotropy of the underlying 
inorganic SiO2 surface. Our results showed that multi-
domain VA modes can be easily achieved by combining 
conventional inorganic surface modification methods for 
multi-domain planar alignment[2] and our SAM treatment. 

 
 

2. Experimental  
 

Figure 1 shows the SAM structure and the SAM-
treated substrate condition used in our experiment. As 
a SAM material for surface modification in LC 

anchoring, OTS on SiO2 surface is used. In the 
previous researches, VA anchoring properties have 
been reported, but there is no report about generation 
of pretilt in LC anchoring on SAM surface treated on 
an anisotropic inorganic surface.  

 

 
 

Fig. 1. The schematic diagram of aligned LC which 
has a pre-tilt on Octadecyltrichlorosilane SAM     

 
For the fabrication of LC cells, ITO glasses were 

cleaned in acetone and isopropyl alcohol. For 
chemical bonding with the substrate and the head 
molecules of the OTS SAM, SiO2 was deposited by a 
500 nm thickness on prepared ITO glasses except for 
parts of electrodes by PECVD at 300 ℃ (726 Å/min). 

Before SAM treatment on the SiO2 surface, there were 
prepared two types of SiO2 surface depending on the surface 
anisotropy. One was non-rubbed which provided an isotropic 
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inorganic surface. The other was mechanically rubbed which 
provided an anisotropic inorganic surface. 

For OTS-SAM treatment, OTS solution (0.3 wt%) 
with an anhydrous toluene was reacted on the SiO2 

surface on the 50℃ hot plate for 2h under argon gas 
condition. The SAMs treated substrates were cleaned in 
toluene, acetone and ethanol in regular sequence and 
then baked on 90℃ hot plate for 20 min. Initially, SiO2 
surface showed hydrophilic surface properties, but the 
surface was changed to hydrophobic surface after OTS 
SAM treatment as shown in the contact angle results of 
Fig. 2. The surface energy change from the hydrophilic 
state to the hydrophobic state is due to hydrophobic alkyl 
chains of the SAM molecules. The amount of the contact 
angle variation shows the coverage density of the SAM 
layer on the SiO2 surface. Fig. 1 shows the schematic 
structure of the OTS-SAM on the SiO2 surface. 

LC cells were fabricated by assembling the SAM-
treated substrate and the conventional homeotropic PI-
coated substrate using a 6 µm spacer. As a reference 
surface, the homeotropic PI layer was not rubbed. 
Therefore, if the pretilt exists, the pretilt can be 
produced only by the SAM-treated surface.  

We prepared three types of SAM-treated substrates 
as command surfaces : (Sample I) the OTS-SAM 
surface on the non-rubbed isotropic SiO2 substrate, 
(Sample II) the OTS-SAM surface on the rubbed 
anisotropic SiO2 substrate, and (Sample III) the 
rubbed OTS-SAM surface on the non-rubbed isotropic 
SiO2 substrate. In the case of Sample III, the anti-
parallelly rubbed SAM-treated substrates were used as 
the top and the bottom substrates. The LC anchoring 
properties were checked with the LC textures through 
the polarizing optical microscope depending on 
applied voltages. As a LC material, a LC with a 
negative dielectric anisotropy was used in all cases. 

 

 
Fig. 2. The contact angle results before and after 
OTS-SAM treatment on the SiO2 surface. 

3. Results and discussion 
 

Figure 3 shows the VA effects of the SAM 
depending on the anisotropy of the underlying SiO2 
surface. In the field-off state, the initial LC alignments 
were homeotropic in both cases of the rubbed and 
non-rubbed SiO2 surfaces when the dielectic 
anisotoropy of the filled LC was negative. This is 
because the hydrophobic interaction between the LC 
molecules and the alkyl chains of the OTS-SAM 
molecules. The initial homeotropic alignment is not 
dependent on the anisotropy of the underlying SiO2 
surface. This means that the LC anchoring is 
determined dominantly by the fully covered SAM 
layer. 

In the field-on state, the LC alignment on the OTS 
surface prepared on the non-rubbed SiO2 surface 
showed the Schlieren texture (Fig. 3(a) : Sample I), 
which means there is no preferential easy axis in an 
azimuthal angle when the LC is reoriented from 
homeotropic to planar by the dielectric coupling with 
applied field. Whereas the field-induced LC 
realignment on the SAM surface prepared on the 
rubbed SiO2 surface showed uniform LC texture (Fig. 
3(b) : Sample II). The easy axis of the SAM in 
azimuth angle was parallel to the rubbing direction of 
the underlying SiO2 surface. This means that the 
surface modification of the underlying inorganic 
surface affects the VA effects of the SAM surface. In 
the Sample II, the pretilt was produced along the 
rubbing direction of the underlying SiO2 surface. 

To see the ordering effect of the alkyl chains of the 
SAM on the LC alignment, we prepared the LC 
sample (Fig. 3(c) : Sample III) where the LC was 
aligned between the rubbed SAM[3]. In this case, the 
underlying SiO2 surface was non-rubbed. The field-
induced LC reorientation in Fig. 3(c) was the same 
with that of Fig. 3(b), which means the alkyl chain 
ordering of the SAM produces the pretilt in VA 
anchoring. In addition, the result means that the pretilt 
in Sample II is produced by the SAM ordering from 
the underlying anisotropic SiO2 surface. 

As for the reason of the pretilt existence on the 
SAM surface on the anisotropic SiO2 surface (Sample 
II), two kinds of mechanism can be proposed. The 
first is that LC is oriented by the alkyl chain ordering 
of the SAM. The ordering state of OTS affects LC 
alignment directly. SAM was formed with tilting 
angle due to the underlying surface morphology, then 
LCs on the SAM was affected by tilted SAM. The 
second is that LC was aligned by the competition 
effects between the planar anchoring from the rubbed 



P1-37 / K.-Y. Seok 

IMID 2009 DIGEST • 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. The polarizing microscopic LC textures 
obtained in the field-off and the field-on state, 
respectively, where the LCs were aligned on a 
different SAM-preparation condition as follows: 
(a) the LC was aligned on the OTS-SAM surface 
prepared on the non-rubbed isotropic SiO2 surface, 
(b) the LC was aligned on the OTS SAM surface 
prepared on the rubbed anisotropic SiO2 surface, 
and (c) the LC was aligned on the rubbed OTS 
SAM surface prepared on the non-rubbed isotropic 
SiO2 surface. 

SiO2 surface and the homeotropic anchoring from the 
partial covered hydrophobic SAM surface. In our 
contact angle result, the hydrophobicity was lower 
than the previous results from other group. Actually, 
two mechanisms would co-exist in our alignment. We 
will measure the degree of the SAM ordering 
depending on the underlying surface condition in the 
next step, which will clarify the mechanism of LC 
anchoring in our surface condition.  

 
 

4. Summary 
 

We have shown that VA effects of the self-
assembled monolayer depending on the anisotropy of 
the underlying inorganic surface. A hydrophobic OTS 
SAM surface aligned the LC vertically, initially. When 
the underlying surface is anisotropic, the LC 
anchoring on the SAM surface produces the pretilt 
property. We expect the patterned VA mode can be 
simply prepared just by the SAM treatment on the 
conventional planar LC alignment surface if the 
surface is chemically available to the surface bonding 
of the SAM. Currently, we are making experiments on 
surface modification with the SAM to the ion-beam 
treated LC alignment surface to change LC anchoring 
from the planar anchoring to the homeotropic 
anchoring for the multi-domain VA surface. 
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