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The planar orientation of Nematic Liquid crystal (NLC) molecules on the surface of
(111) plane of silica photonic structure has been investigated. Nano voids of silica
photonic crystal has been obtained by vertical deposition technique on indium tin
oxide-coated substrate. NLC was infiltrated into the channels of voids in the photonic
structures. Optical texture studies under with and without electric field were applied to
investigate the NLC orientation. It is observed that NLC molecules in the nano voids
of silica photonic structure exhibit an excellent planar alignment. This obtained hybrid
composite structure on infiltration of NLC will be a promising candidate for electro
optic applications.

Keywords Nematic liquid crystal; photonic structure; planar alignment

1. Introduction

In recent decades, advances in technology have been made in reality with the development
of fascinating materials, most notably liquid crystals (LCs) and photonic crystals (PhCs).
LCs have seen a tremendous growth during the past decades [1-6] due to their potential
applications in fast electrooptic devices. PhCs materials are also upcoming with character-
istics to control the light through matter [7-9] with potential technical applications. PhCs
are formed with the periodic arrangement of building blocks of a size of order optical
wavelength, in one, two or three dimensions [10]. In literature, most of the research is
focused on the PhCs to control the propagation of light [11-14], but least efforts have been
reported for the alignment of LCs molecules.

In the present work, we reported the optical study on alignment of the LCs molecules
on the silica-based photonic structure on indium tin oxide (ITO)-coated substrate. It is
observed that the photonic structure is a good candidate for the orienting LCs molecules in
the planar alignment.

*Address correspondence to A. K. Gathania, Department of Physics, National Institute of Tech-
nology, Hamirpur, Himachal Pradesh 177 005, India. E-mail: akgathania@yahoo.com

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.
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2. Experimental

Silica microspheres have been synthesized using well known Stober method [15-18]. Three
dimensional PhC was fabricated using self-assembly vertical deposition technique on ITO-
coated substrate, which is discussed elsewhere [19-23]. The silica PhC film was sintered
at 300°C for 2 hr. The film has a face centered cubic structure with interconnected periodic
arrangement of voids [24]. The film was fixed to another ITO substrate for infiltrating
nematic LC. The nematic liquid crystal (NLC) used in the present experiment was a biphenyl
terphenyl LC mixture E8 (obtained from M/S BDH Ltd., UK). The phase sequence of this
LC is given as [25].

12°C 72°C

Crystal Nematic —= = 5 Isotropic

This NLCs were infiltrated into the void of the sample by capillary action at the
isotropic temperature of NLCs. The cells were sealed using epoxy adhesive (Fevitile). The
cell thickness was 100 m using mylar spacers. The schematic block diagram of fabricated
device using NLC is shown in Fig. 1. Square wave of 1 KHz is applied to the cell using an
arbitrary/function generator (Tektronix, ABG 3021B). Optical textures of NLC and PhCs
infiltrated with NLCs were taken using Olympus Polarizing Microscope (BX51) fitted with
color video camera (Sony).

3. Results and Discussion

Figure 2 shows topographic image of the silica PhC taken by atomic force microscope.
From the AFM image, we can conclude that the all silica particles having spherical shape
and diameter of order of 150 nm having hexagonal closed packed arrangement [17-18, 21].

The optical texture of LC without any surface treatment of substrate is shown in Fig.
3(a). It reflects that there is no alignment of the LC molecules and defects are present
in the texture. Figure 3(b) shows the optical texture of the cell in which LC is infil-
trated in the voids of the silica photonic structure. It reflects the homogeneous (planar)

Figure 1. Systematic diagram of fabricated cell using nematic liquid crystal.
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Figure 2. AFM image of silica photonic crystal.

alignment of the LC molecules on the infiltration in the photonic structure containing silica
microspheres.

We demonstrated this through schematic diagram, in which the orientation of the LC
molecules near and in between the upper and lower solid boundary of ITO substrates
without any treatment as shown in Fig. 4(a). It shows that, the LC molecules are orienting
in all possible direction which results thread like texture and is clearly seen in Fig. 3(a).
Figure 4(b) presents the orientation of LC molecules in the voids of the photonic structure
as well as near the substrate surface.

The surface of silica microspheres carries negative charges (as shown in Fig. 4(b)).
These negatively charged silica microspheres will interact with LC molecules through Van
der Waals interaction which encourage the planar orientation of the LC molecules in the
voids as well as near the solid boundary of the substrates as shown in Fig. 4(b). Planar
orientation of the LC molecules is also encouraged by the anisotropic surface properties
of the developed photonic structures on the substrate. The planar alignment of the LC
molecules is confirmed by optical texture under crossed polarizer is shown in Fig. 3(b).
It is also noticed that optical texture shows periodic variation in the transmitted intensity

Figure 3. Optical textures of (a) NLC and infiltrated silica photonic crystal with NLC at (b) 0 V and
(c) 9 V at magnification 10x under crossed polarizers.
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ITO Substrate

oA TO Subsirate

ITO Substrate
(b)

Figure 4. Orientation of LC molecules (a) without and (b) with photonic structure.

through cell by rotating it by an angle of 90°, normal to the incident light under crossed
polarizers. This reflects good planar alignment of LC with the photonic structure on a
substrate.

Figure 5 represents the position of the director (1) (which shows the average orientation
of LC molecules) near the interface in term of polar (6) and azimuthal (¢) angles. The n
lies in the plane of the interface surface, i.e., & = 0°. It is also oriented uniformly over the
interface surface with constant ¢ angle for planar orientation.

The degree of order is represented by order parameter (s) is given as [26]

1
s = 5(300529—1>,

easy axis

Figure 5. Orientation of the director at the interface surface in term of polar and azimuthal angles.
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where brackets represent an average orientation of all molecules in the LC. The value of
s lies in between O and 1. For uniform planar alignment this value approaches to unity.
There may be light scattering at the contact surface due to the mismatch of refractive
indexes between LC molecules and silica microspheres. In the present study, we have not
considered this effect.

On the application of electric field the optical texture starts appearing black due to
orientating themselves in the direction of applied field across the cell, the LC molecules
oriented normal to the surface of substrate resulting Freedericksz transition [25] are clearly
seen in Fig. 3(c) at 8 V. Therefore, we can conclude that silica photonic structure may be
suitable candidate for attaining planar alignment because of their ease fabrication, good
thermal as well as chemical stability.

4. Summary

Morphological study of silica photonic structure using atomic force microscopy confirms
the hexagonal closed packed arrangement of silica microspheres. Optical texture study of
the infiltrated silica PhC with NLCs reveals that silica photonic structure on the substrate is
a good candidate for attaining planar alignment of NLCs molecules due to Van der Waals
interaction among themselves. The fabrication of this hybrid structure is easy and has better
thermal as well as chemical stability.
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