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1. Introduction

“Whither liquid crystals?” —a very general question that every researcher falling on the rel-
evant research directives would ask about. A veteran researcher may also attempt to seek
the answer to be abreast of the recent research developments in the area. Amazing physical
and chemical properties of liquid crystals draw great attention of the research and develop-
ment (R&D) community. These essentially make them indispensable for several technological
applications, namely sensing [1, 2], communication systems [3], lasing actions [4, 5], flat panel
displays [6], holography [7], and nanotechnology-enabled medicinal needs [8].

Though there are many different kinds of liquid crystals, nematic, smectic, and cholesteric
exist as the three widely accepted phases (of these crystals) [9]. In short, the nematic ver-
sion is characterized by molecules having no positional order, but aligned along the director
with thread-like molecular formations. In the smectic phase, molecules have positional order
only in one dimension, thereby having restricted movement within the planes. The choles-
teric state is a kind of nematic phase wherein the molecular orientation undergoes helical
rotation about the director. These may exist naturally or can be synthesized as well [10, 11].
Certain liquid-crystalline phases are abundant in living organisms, for example, proteins and
cell membranes. Technologically developed liquid crystals are used for liquid crystal display
(LCD) applications [6]. Apart from the LCD panels, there are host of other avenues where the
synthesized versions of liquid crystals are used.

2. Liquid crystal properties

Liquid crystals exhibit chirality and possess very high electro-optic coefficient [12]. Chiral objects
have the property to discriminate between the left-handed and right-handed electromagnetic
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fields [13]. These optically active mediums are classified into the categories of isotropic and struc-
turally chiral ones. The isotropic chiral molecules can be formed by randomly dispersed, ran-
domly oriented, electrically small, handed inclusions in an isotropic achiral host medium. On
the other hand, the structurally chiral molecules, such as those of chiral nematic liquid crystals,
are randomly positioned and exhibit helicoidal kind of orientation. One may exemplify biologi-
cal structures of plants and animals, such as cholesterols, which represent chiral molecules. The
director of cholesteric liquid crystal molecules exhibits periodic helical structure depending on
the chirality of molecules, and may be altered due to external conditions—the feature that has
great potential in technological applications [14]. For example, the changes in the helix (formed
by the rotation of director) pitch due to chiral dopants would modify the phase of liquid crystals.

3. Application-oriented R&D

Theunique properties of liquid crystals fueled scientists to invent new applications. Continuous
research and development determine these mediums to gain increasingly important indus-
trial and techno-scientific usages, and become vital in modern technological advancements. It
is true that the research on liquid crystals tremendously bloomed after the invention of LCD
panels [15]. Though the use of liquid crystals in flat panel electronic displays offers several
advantages over the traditional ones, wherein cathode ray tubes (CRTs) are implemented [6],
the LCDs have the drawback of having limited viewing angle, and also, higher manufactur-
ing cost. However, these parameters have now become less significant with the advances in
research, which becomes evident from the multitude of other applications of liquid crystals.
This is primarily because external perturbations would introduce significant alterations in
the macroscopic properties of liquid crystals [12, 13]. As an example, the chirality of liquid
crystals allows these to acquire selective reflectance property, which can even be modified in
the presence of external electric field. As such, these would be of great use in optical filters and
imaging [16, 17] applications. Apart from these, the property of temperature dependence also
makes liquid crystals to acquire the selectivity of reflection spectrum —the phenomenon that
can be harnessed for devising temperature sensors [18].

Since the temperature plays a determining role to alter the refractive index values of liquid
crystals, the birefringence property of these [19] allows splitting of light waves into the slow
and fast components—the phenomenon which remains highly temperature dependent. A
relatively higher temperature would induce a strong birefringence characteristic in certain
form of liquid crystals, which would result due to higher temperature of the ambience.
As such, a variation in temperature would introduce alterations in the phase difference
between the incoming and outgoing light waves, thereby determining the polarization state
of light.

As the properties of liquid crystals are affected by electric field, these mediums can be used
to sense the field strength. Similarly, magnetic field also has effects on the properties of liquid
crystals owing to the moving electric charges (magnetic dipoles are generated by the electrons
moving around the nucleus in atoms). An externally applied magnetic field would make the
liquid crystal molecules to align accordingly.
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As stated before, the optical activity of liquid crystals opens up varieties of avenues. Under high
external electrical fields, an optical material would exhibit nonlinear characteristics, that is, the
refractive index of medium may not vary linearly with the field [20]. Liquid crystals, being opti-
cally anisotropic mediums, possess the birefringence property that remains of great potential in
optics-based applications [21, 22]. The increase of birefringence happens owing to the nonlinear
phenomenon that liquid crystals also exhibit. In fact, liquid crystals are characterized by extremely
high optical nonlinearity. Some of the featured nonlinear phenomena would be self-phase modu-
lation, four-wave mixing, stimulated Brillouin scattering, optical bistability, and so on. [23].

4. Liquid crystal-based fibers

Optical fibers with radially anisotropic liquid crystals have been greatly dealt with in the
literature [24-26]. These have been much attractive owing to the fairly high optical anisotro-
pic properties of liquid crystals—the feature that attracted the R&D community to introduce
varieties of liquid crystal-based optical fibers in respect of geometry as well as material distri-
butions. These include fibers of circular [25] and elliptical [26] cross-sections, and also, those
with the loading of conducting helical structures, in order to achieve control over the disper-
sion characteristics [27-29]. It has been reported before that the radially anisotropic kind of
nematic liquid crystal-loaded fibers become highly sensitive, and would be of potential for
evanescent wave-based sensing applications [24, 25]. Indeed, the use of such fibers in chemi-
cal sensors would be one of the great avenues that liquid crystal mediums open up.

5. Liquid crystals for band gap features

Photonic crystals are known to exhibit band gaps, that is, the range of frequencies (or wave-
lengths) for which the propagation of waves remains forbidden [30-32]. Microstructured
dielectric mediums can be engineered to exhibit such an excellent feature, which has been of
great technological use in many optics-related applications [33]. Apart from dielectrics, liquid
crystals may also be utilized due to the fact that the physical and/or chemical features of these
are highly dependent on the externally applied fields. Varying thermal ambience also plays a
great role in manipulating the behavior of liquid crystals, which essentially happens owing to
the effects on the birefringence property. Technically speaking, thermal and electrical tuning
of liquid crystals would alter the spectral characteristics. As such, photonic crystals, infil-
trated with liquid crystal mediums, would exhibit tunable band gap features, which would
be greatly interesting in optics-based needs.

6. Other miscellaneous applications and summary

Apart from the aforementioned applications of liquid crystals, there are many other varieties of
usages that these materials offer [34]. Some of these include optical recording mediumes, lasers,
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light modulators, and so on. Also, the area of biomedical applications is no more untouched on
the exploitation of liquid crystals. For example, certain forms of liquid crystal polymers can act
as nonviral vectors in gene therapy, transfecting DNA to the nucleus cell. Furthermore, func-
tional mediums composed of specific colloid dispersion systems using liquid crystals would
be greatly useful in pharmaceutical industry.

In summary, the book delineates several important advances occurring at the forefront of liquid
crystal research. These are in terms of the development of fundamental theories as well as the
exploitation of liquid crystals in inventing new devices. The subject matter of the book primar-
ily focuses on the aspects of (i) varieties of liquid crystal polymer syntheses and their stability,
(ii) physical and optical properties of complex liquid-crystalline states, and (iii) device applica-
tions of liquid crystals. The editor hopes that the topics included will be greatly useful for the
R&D workers at universities and industries. The researchers use the book as springboard for
their own thoughts in varieties of ways the different forms of liquid crystals can be exploited.

Author details

Pankaj Kumar Choudhury
Address all correspondence to: pankaj@ukm.edu.my

Universiti Kebangsaan Malaysia, Bangi, Selangor, Malaysia

References

[1] Khoo I-C. Liquid Crystals. Wiley: New York; 1994

[2] Choudhury PK. Liquid crystal optical fibers for sensing applications. Proceedings of
SPIE. 2013;8818:88180E-1-88180E-10

[3] Wolinski TR, Lesiak P, Dabrowski R, Kedzierski J, Nowinowski E. Polarization mode
dispersion in an elliptical liquid crystal core fiber. Molecular Crystals and Liquid
Crystals. 2004;421:175-186

[4] Dolgaleva K, Wei SKH, Lukishova SG, Chen SH, Schwertz K, Boyd RW. Enhanced laser
performance of cholesteric liquid crystals doped with oligofluorene dye. Journal of the
Optical Society of America B: Optical Physics. 2009;25:1496-1504

[5] Coles H, Morris S. Liquid-crystal lasers. Nature Photonics. 2010;4:676-685

[6] O'Mara WC. Liquid Crystal Flat Panel Displays. New York: Van Nostrand Reinhold;
1993

[7] Berenberg VA, Venediktov VY. Liquid crystal valves as dynamic holographic correc-
tors. In: Choudhury PK, editor. New Developments in Liquid Crystals and Applications.
New York: Nova; 2013



[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]
[24]

[25]

Introductory Chapter: Whither Liquid Crystals?
http://dx.doi.org/10.5772/intechopen.74413

Lin Y-H. Liquid crystals for bio-medical applications. In: Lee C-C, editor. The Current
Trends of Optics and Photonics. Vol. 129. Topics in Applied Physics. Dordrecht:
Springer; 2014

Choudhury PK, editor. New Developments in Liquid Crystals and Applications. New York:
Nova; 2013

Collings PJ. Liquid Crystals: Nature’s Delicate Phase of Matter. Princeton: Princeton
University Press; 1990

de Gennes PG, Prost J. The Physics of Liquid Crystals. Clarendon Press: Oxford; 1993

Wu S-T, Efron U. Optical properties of thin nematic liquid crystal cells. Applied Physics
Letters. 1986;48:624-636

Robbie K, Brett MJ, Lakhtakia A. Chiral sculptured thin films. Nature. 1996;384:616-617
Moreno I. Liquid crystals for photonics. Optical Engineering. 2011;50:081201-081201

Castellano JA. Liquid Gold: The Story of Liquid Crystal Displays and the Creation of an
Industry. Singapore: World Scientific; 2005

Gebhart SC, Stokes DL, Vo-Dinh T, Mahadevan-Jansen A. Instrumentation consider-
ations in spectral imaging for tissue demarcation: comparing three methods of spectral
resolution. Proceedings of SPIE. 2005;5694:41-52. DOI: 10.1117/12.611351

Levenson RM, Lynch DT, Kobayashi H, Backer JM, Backer MV. Multiplexing with mul-
tispectral imaging: from mice to microscopy. ILAR Journal. 2008;49:78-88

Plimpton RG. Pool Thermometer. U.S. Patent 4738549. 1988

Madsen LA, Dingemans TJ, Nakata M, Samulski ET. Thermotropic biaxial nematic lig-
uid crystals. Physical Review Letters. 2004;92:145505-1-145505-4

Choudhury PK, Singh ON. Electromagnetic materials. In: Chang K, editor. Encyclopedia
of RF and Microwave Engineering. New York: Wiley; 2005

Green M, Madden SJ. Low loss nematic liquid crystal cored fiber waveguides. Applied
Optics. 1989;28:5202-5203

Lin H, Muhoray PP, Lee MA. Liquid crystalline cores for optical fibers. Molecular
Crystals and Liquid Crystals. 1991;204:189-200

Agrawal GP. Fiber Optic Communication Systems. Wiley: New York; 2012

Choudhury PK, Soon WK. On the transmission by liquid crystal tapered optical fibers.
Optik. 2011;122:1061-1068

Choudhury PK. Evanescent field enhancement in liquid crystal optical fibers — A
field characteristics based analysis. Advances in Condensed Matter Physics. 2013;2013:
504868-1-504868-9



6

Liquid Crystals - Recent Advancements in Fundamental and Device Technologies

[26]

[27]

[28]

[29]

[30]

Moghaddas S, Choudhury PK, Ibrahim A-BMA. TE and TM mode power transmission
through liquid crystal clad elliptical guides. Optik. 2017;145:113-120

Ghasemi M, Choudhury PK. Propagation through complex structured liquid crystal
optical fibers. Journal of Nanophotonics. 2014;8:083997-1-083997-13

Ghasemi M, Choudhury PK. Conducting tape helix loaded radially anisotropic liquid
crystal clad optical fiber. Journal of Nanophotonics. 2015;9:093592-1-0093592-15

Ghasemi M, Choudhury PK. On the conducting sheath double-helix loaded liquid crys-
tal optical fibers. Journal of Electromagnetic Waves and Applications. 2015;29:1580-1592

Alkeskjold TT, Scolari L, Noordegraaf D, Laegsgaard ], Weirich J, Wei L, Tartarini G,
Bassi P, Gauza S, Wu S-T, Bjarklev A. Biased liquid crystal infiltrated photonic bandgap
fiber. Optical and Quantum Electronics. 2007;39:1009-1019

Ibrahim A-BMA, Choudhury PK, Alias MSB. Analytical design of photonic band-gap
fibers and their dispersion characteristics. Optik. 2005;116:169-174

Ibrahim A-BMA, Choudhury PK, Alias MSB. On the analytical investigation of fields
and power patterns in coaxial omniguiding Bragg fibers. Optik. 2006,117:33-39

Choudhury PK. Electromagnetics of Micro- and Nanostructured Guides — Pathways to
Nanophotonics. Malaysia: UKM Press; 2013

Chandrasekhar S. Liquid Crystals. Cambridge University Press: Cambridge; 1992



