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liquid crystals with a certain surface anchoring
energy induces an orientation deformation in
the surrounding environment of liquid crystals,
generating topological defects in nanoparticles
vicinity. The elastic deformation force on
nearby nanomaterials at a distance of up to a
few micrometers results in the defect sites
surrounding nanoparticles. Thus, the patterning
and orientation of liquid crystal molecules is
achieved through self-organization of liquid
crystal molecules. In the vicinity of isotropic
host solvents, lyotropic liquid crystalline
phases have been observed to emerge by
employing nanoparticles like graphene oxide,
nanotubes and rods. These consequences lead
to opulence of new applications, some of
which will be discussed in this chapter.
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l. INTRODUCTION

In the recent decades the scientists have encalithge global attention towards the
diversity of novel fields away from display appliceas—for instance, elastomer robots,
energy conservation, novel optical devices, telenamcation, nano-/micromanipulation,
biotechnologies, sensors, information storage,tpusame a few [1-3].

These fascinating innovative applications are matedy singular and distinguish
from display world and are further exhilarating athdilling due to their uniqueness that
escorts to a new - fangled episode for liquid @gstmachineries, technology, equipments
and materials blueprint. Concurrently, ground-biegkpioneering and inventive expansions
have been developed in the nanotechnology, nariomdc and nanoscience fields,
accompanying to the nativity of a series of conterapy nanomaterials [1-3].
Incontrovertibly, when these brand new nanomater&lmble upon liquid crystals, an
exceedingly appealing and exceptional synergy vgllpragmatic, guiding to a profusion of
utterly innovative and prospective applications [4.

Nano structured materials to liquid crystalline ogeEns creates a colloidal dispersion
[8, 9] and the fresh materials are predictableeiddgom in a different way from their specific
entities (nanomaterials and liquid crystals) bothtlee microscopic plus macroscopic level
[10, 11]. There are three fundamental motives tcess a liquid crystal- nano dispersed
system: (a) Alteration of the prime physical, bgptmal, electrical or chemical characteristics
of the pure liquid crystals [12]; (b) Controllingné organizing nano structured materials in
liquid crystals in order to change the nanomateriaoperties [12]; and (c) to achieve
additional/supplementary functionalities and chemastics that are accessible from neither
the liquid crystalline mesogens nor the nanomeatatesmaterials in their native states [13].
The fast advancement of liquid crystal - nanocontposystem led to recognition of
mesophase orientation and interactions which géeseturdy impression of nanomaterials
on the liquid crystalline hosts [14, 15] and viagsa i.e., the nanomaterials orientational and
positional order rearrangement by liquid crystaltnrg14]. The coupling of long - range
orientation order and extraordinary propertiesagaht in liquid crystals permit us to modify
or even inflict exceptional physical assets onlitpgid crystal — nano composites by addition
of distinct nanomaterials in it [7].

In this chapter, we discuss about the recent irgeggins on the liquid crystal
nanomaterials interaction which leads to superitysycal properties for novel applications in
diverse fields [3]. This chapter is also focusedtba consequences based on enhanced
electro-optical and other physical properties afuid crystals doped with different
nanoparticles. The emphasis is laid on the liquigstalline materials for the anisotropic
nanoparticles self assembly into lyotropic mesopbaasnd biological overview of liquid
crystal nanoparticle composites, i.e., biosensélswever, further information may be
obtained in a review that Kato et al. [16] jusessded as well as the book by Li [17].
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. ROLE OF NANOSCALE MATERIALS IN MODIFYING THE PHYSIC AL
PROPERTIES OF LIQUID CRYSTALS

The recognition of liquid crystals in the commelailisplay applications has been
made by its outstanding electro - optic performa@ensequently, the anisotropic nature of
liquid crystal molecules modifies its physical paeters such as optical refractive index,
dielectric constant, response to external stimudi elastic constants. However, conventional
liquid crystal mixtures can no longer fulfill thes@lating requirement of visual necessity in
LCDs with the rapid development in technologicaldi Hence new materials need to be
synthesized in order to meet these demands thaideso shorter response times, lower
driving voltage and higher color contrast ratio Li€Ds. Concurrently, improvement in
physical properties which are essential for scientesearch, technological and industrial
areas can be gained through the synthesizatiom@veth in materials such as sophisticated
materials, biosciences, nanotechnologies and roptadal devices. Recently, the introduction
of various well developed and well synthesized wlapants into liquid crystal is one of the
chief key in order to transform their physical pedjes.

Reznikov et al. were the first to describe how dis;mmg modest percentage of
ferroelectric particles Sn2P2S6 in nematic ZLI 0#8ed to decreased operating voltage,
improved dielectric response, and an induced linesponse to the applied electric field [18].
The argument was made on the improvement in thedligrystal orientation by the coupling
of spontaneous polarization of the ferroelectrionaparticles and the liquid crystal via an
elastic field through the dispersion of ferroelectranoparticles that efficiently advances the
electro - optical performance of liquid crystal9]1

Just like ferroelectric nanoparticles, the improeamin the electro - optical and other
physical parameters of liquid crystals can be gty made through the modification in the
orientation order of liquid crystal which has besenicipated to the electrostatic interactions
between liquid crystal molecules and gold nanogledi[20]. Elkhalgi et al. reported the
electro-optic response, dielectric permittivity atiftermodynamics of a nematic 6CHBT
doped with gold nanopatrticles [21]. It was foundttthe first phase transition temperature,
dielectric permittivity for the mixtures was raisadd the threshold voltage was decreased
due to the enhanced nematic ordering. Apart froa, tfthe promotion in the reorganization
and orientation of liquid crystal molecules, in #adstence of gold nanoparticles dopant was
possible by the application of an electric fieldofdover, an increase in ionic conductivity
and dielectric constant was noticed in the goldoparticle dispersed in columnar discotic
HAT4 suspensions [22].

The enhancement in the induced morphological clarmeincrease in remotely
trigged local temperature has been made usinguhetibnal nanomaterials liquid crystal
composites as reported in [23]. Such materialsdaren by light where the light energy is
converted into heat energy when photothermal natemabhabsorbs the light resulting to a
local increase in temperature.

1. Quantum dot in liquid crystals [24- 26]: As described in [24- 26], QDs are have
distinctive physical characteristics like large @ipgion cross - section, broad excitation
spectra, fluorescence emission tunibility, highrguan yields, excellent stability and long
lifetimes with exceptional colour purity. The extiepal photonic properties can be
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added to liquid crystals as a result of using QBsaananodopant in liquid crystal
materials such as LC lasers. Nanomaterials witbrélscence emission, surface Plasmon
resonance (SPR) effects and other meticulous épiiacteristics provides exclusive
photonic properties to liquid crystal materials.n@ersely, liquid crystals act as dynamic
medium for modifying and tuning optical propertiek nanoscale materials externally
through its long range elastic anisotropies angelaefractive index. Such multifunctional
mixtures provide the roadmap for the recognitionlisfinguished new optical devices.

* Core/Shell quantum dots versus bare quantum dots [3: There is increase in
dielectric loss, loss factor or tan delta and daeseein conductivity due to surface
defects on bare core quantum dots. This showsdiierse consequence of surface
defects on dielectric properties of quantum dotber@&fore, the formation or
deposition of different shells and multishells ecassary on the quantum dots surface
to obtain reduce dielectric loss. The reason ferdécline of loss factor in core/shell
guantum dots is the surface defects passivatianréisalts easiness in charge carrier
tunneling. The fabrication of electronic devicesd arano circuits that attracted the
attention of global community involves the implertagion of nano - composite
matrices with CdSe based QDs. For the design amdiiaeturing of more efficient
devices the study and evaluation of QDs dielegraperties is very much significant
in order to find the best candidate in prevailimgditions. As described in [27], the
introduction of first and second layer of shellsnaultishell structures on CdSe QDs
decreases the dielectric permittivity, loss, éaand enhances the ac conductivity of
QDs which has been due to the surface passivdtairhas a vital role in conductivity
enhancement and accordingly suppresses dieledsge$s and dissipation factor.
These properties are mainly influenced by chargedling phenomenon i.e., reduce
trapping of charge carriers with better charge éling to outer layers.

2. Graphene and its derivatives in liquid crystals [28 32]: Carbon nanomaterials are
another kind of nanomaterials for manipulating pingsical parameters of liquid crystal
materials. Carbon nanotube, carbon nanospheretereing, graphene oxides and
graphene have fascinated the consideration dubkeio striking physical and chemical
properties. Graphene oxide (GO), synthesized byatixin of graphene is voluntarily
dispersible in water due to its hydrophilic natureseveral solvents in addition to water,
GO does in fact crystallize as a lyotropic phadeer@ical or thermal reduction techniques
can transform it into conductive reduced graphexideo(rGO) and partly retrieving the
conductivity of neat graphene. A large number gqfores have shown progress in the
electro - optic performance of thermotropic liquidystal doped with graphene oxide
(GO) [28 - 32]. As described in [33], a small ambwf nanomaterials can make
composites with customized physical properties amgproved electro - optical
performance for instance, a higher birefringencesharter response time, a larger
dielectric anisotropy, enhanced nonlinear - optpralperties, better contrast, etc., which
has immense potential for the devise of next geierdiquid crystals instruments and
tools involving tunable lasers, liquid crystals plés/s, nonlinear - optical valves for
photonic information processing systems, telecomaation and filters, electro - optical
switchers and shutters and various other featufemadern technology. Presently,
experimental results are still open to doubts, ilagkeliability and are inconclusive.
Therefore, both theoretical and experimental apgres require more study for the near
future in order to recognize the foremost fundamlefdatures that are directed to the
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variation of liquid crystal based composite projesit Upifting an understanding of tf
later will provide the path for an optimized impesuent of new equipments for enhan
future machineries.
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Figure 1: Dependencef (A) Threshold Voltage, (B) Splay Elastic Constainand (C)
Rotational Viscosity on Concentation of Graphene Oxide in Nematic Liquid Crystal &
54 Oc in Aligned Sample CellsReproduced from Ref [31].

The key idea of using liquid crystal materials fdosensing approach is usi
nematic liquid crystal with a definite alignmenttha@r planaror homeotropic at a
agueous phase interface [34, 35]. One of the adgastof using oil palm leaf (OP
nanosphere is its application in supercapacitong. [Arge surface area, improves che
holding capacity, and low cost [36] makes activatadoon ianospheres (ACNs) mc
popular among carboneous materials [37, 38] as shiowtable 1. The pore size
activated carbon nanoparticles include; macrop@rég nm), mesopores —50 nm) and
micropores (< 2 nm) [3638]. The most important role is playbg the involvement ¢
micropore in the internal surface area. The poyaaiid large surface area makes A(
applicable in supercapacitors. Oil palm leaf bas@doparticles doped E 48 liquid crys
find its potential application in biosensors, sua@aitors, display as well as non displ
devices.

Table 1: Comparisonof the Average Pore Size, Surface Area, Specific gacity, and
Pore Volume for Activated Carbons [36]

Carbon | (F g% | (Fem?) |(m*gh)| (ccgh) | (A)
M-10 55.95 0.041 1370 0.50Q0 9.1-
M-14 57.20 0.0047, 1223 0.561 9.6C
M-15A 78.10 0.043 1800 0.629 9.17
M-15B 55.80 0.034 1624 0.563 9.37
M-15C 63.34 0.042 1518 0.60Q 9.7¢

M-20 100 0.046 | 2130 0.709 14.7:
M-30 62.9 0.024| 2571 1.230 14.9¢
A-10 35.3 0.031| 1150, 0.424 -
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A-20 41.20 0.020| 2012 0.902 14.2¢
SACF-20 | 48.8 0.027| 1839 0.699 9.74

SACF-25 | 27.9 0.011| 2371 0.977 11.9:

3. Tin oxide nanoparticles in ferroelectric liquid crystal [39]: The stability of tin oxide
(SnO2) towards atmospheric environment is modetats. perfunctorily har and can
resist elevated temperature. For optoelectroniaitpof view, the material properti
possess the combination of high electrical conditgtiwith optical transparency. A
cited in reference [39], the significant alteratiarthe alignment projrties of composites
is made through the self assembled 2D array byodézctric liquid crystal (FLC
molecules and tin oxide nanoparticles interactid®isase transition temperature val
with the dispersion of nanoparticles in FLCs systethe capabily of tin oxide
nanoparticles to trap the ionic impurities in pdieC consequently results in reduc
relative permittivity, ac conductivity and dieldcttoss for the mixtures. The reduction
UV absorbance with quenched PL emission of the Re@t sysem was observed hen
tin oxide nanoparticles behave as luminescenceaee
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Figure 2: (A) Schematic model to represent the foration of 2- D arrays of
nanoparticles by the dispersion of SnO2 nanopartiels in FLC system. (B) Optica
micrographs/POM of (a) neat FLC (b) 0.1 weight percent, and (c) 0.&eight percent
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SnO2+FLC composite in the SmC* phase. (C) Differential &anning calorimetry (DSC)
curves of (a) neat FLC, (b) 0.1 weight percent, ant) 0.5 weight percent SnO-FLC
composite. The DSC saarate was 2 oC/min for all the samples. (Reproducdewith
permission from Mater. Chem. & Phy. Elsevier) [39]

4. Zinc ferrite nanoparticles in nematic liquid crystal [40]: In zinc ferrite nanoparticle
iron on the Zn surface behaves as surfactant miele@alsorbing the mobile ions prese
in liquid crystals medium. Consequently, dispersmnZnFe204 NPs in host liqu
crystal matrix has potential to tailor the propestiof pure liquid crystal such that 1
dispersed system becomes suitable for the uliquid crystal based devices. Variation
the surface topology with ferronematics dropletgehbeen observed after dispersior
ZnFe204 nanoparticles in 7CB [40]. Birefringencehamement was reveale
Remarkableincrease in dielectric constant was ealed on the basis of ZnFe2
nanoparticles and nematic liquid crystal interactidlon monotonous dependence v
decreased dissipation factor was observed with topancentration. Loading of dope
leads to shift in the high relaxation frequencyawer frequency regime. Improvement
the ac conductivity was found. The aim of this wer&s to purify pure nematics fro
impurity ions. The existence of memory was observda charge trapping capability
ZnFe204 nanoparticles had been explained olbasis of super paramagnetic nature
these magnetic nanoparticles. The increased magtieti of nanoparticles was attribul
to small size of these particles causing increadkd inversion parameter. The ZnFez
nanoparticles showed $rmed hysteesis loops and non cancelled magnetic mon
which indicated its super paramagnetic nature [40].exhibited coexistence
ferromagnetic and anti ferromagnetic phases. The ferromagnetic part datunaher
applied field increases but antiferromagr part increases linearly and never sature
S- Like hysteresis loop showed presence of curvatoddiaear parts [40
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Figure 3: Frequency dependence of the (A) transveescomponent [(g] _17), and (B)
parallel component ¢_||') of permittivity, (C) Temperature dependence ofg_||™
ande_1" at 10 kHz frequency for neat 7 CB and its compages with zinc ferrite

nanoparticles. (Reproduced with permission from [4DLiq. Cryst. Taylor & Francis)

5. Novel applications
» Superior and efficient bio based ionic liquid cafstelectrolytes for
supercapacitors [41 - 49]
Sophisticated LCDs with excellent image intrinsiortia [50]
Wireless temperature and bio Sensors based on atiesras variable capacitance
[51 - 56]
Liquid Crystal based Lens [57]
Waveguide application [58 - 60]
Textile industries etc. [31]

VVV VYV

» High performance bio based ionic liquid crystal eletrolytes for supercapacitors
[41- 49]: In the present century, the ever - increasingirement in order to tackle
the challenges and rising large - scale energylstipn the extremely proficient and
environmentally sustainable production and energprage is mandatory.
Advancement, Design and progression of new maseaatl manufacturing system
that authorize accurate control over the electroub& performance and electrolytes
conductivity is vital for accomplishing such objeets. The reported work of [41- 44],
on an exploitation of ionic liquid crystal electyt# resulting from a non degradable
source: cashew nut shell liquid. They studied ttractural and mesogenic phase
formation by adopting different methods by synthieg) imidazolium-based ionic
liquid crystal (PMIMP) derived from cardanol. A cent density of 0.37 A/g, 80%
capacitance retention after 2000 cycles with ontstey cycle stability and a specific
capacitance of 131.43 F/g measured in a symmetsiga¢rcapacitor made - up of
mesoporous carbonaceous electrodes using PMIMPeatrofyte [43]. All these
exceptional assets of the synthesized ionic ligeldctrolyte recommended its
relevance as well-organized, nature sociable aadoreably worth electrolyte for
energy harvesting devices.
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Figure 4: (A) (a) PMIMP's DSC heating and cooling sans demonstrating thermotropic
behavior and concomitant conductivity variation, (b Alteration in PMIMP's
viscoelastic moduli due to thermotropism. Opticalfinages of (c) columnar (Col) phas
with focal conic domains, and (d) Sm F phase emergie(B) (a) At various scan rates, the
supercapacitor using PMIMP electrolyte exhibits a ectanguler current density-
potential curve.; (b) Galvanostatic charg— discharge profile. (C) (a) Nyquist and (b
Bode impedance plot, (D) Cycling stability of PMIMF-based supercapacitor. Inse
contains the first 10 cycles. Reproduced with permsion from ACS sustinable
chemistry &engineering [43].

Electrical energy storage is an indispensable ndéthb spot that demant
unfathomable research. A sustainable manner fotestand reliable energy storage
obtainable by electrolytic batteries and capacitBegieries offers discharge of ener
with high power density. Corresponding to them,ceetdytic capacitors are als
competent to discharge with elevated energy derfdity. Supercapacitors wi
characteristics intermediary to electrolytic capasi and bieries portrays advanci
cycle lives, easy, simple and flexible models avgtdr charc—discharge rates whic
make them potential contender in military equipreent hybrid transportatio
structure, electronic instruments and medical dago appliancs [41]. The
fabrication and proposal of novel electrode malkgrinovel electrolytes and noy
electrochemical hypothesis lead to the improvenmeritining machinery efficienc
and its performance by its energy density [42, 4Bje extortion of superic
performance from both organic and aqueous eleté®lypy using carbonacea
supercapacitors reported by [44, 45]. The ioniaitdgcrystal fluids have bett
electrochemical window and improved conductivity toe appropriate |
electrochemical energy dces as competent electrolytes [46, 47]. The imp
replacement for conventional electrolytes is com®d to be the ionic fluids and ior
mesogenic liquids with mutual properties of botlgamic and aqueous electroly
[48, 49].
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Sophisticated LCDs wth excellent image intrinsic worth [50: The heated
debatable question to get answer is ‘LCD vs. OLBBo wins?’ The technologici
machineries used in scientific areas have own prakcons. A review work of +
Chen et al., [50] exemplifies curreprogress in LCDs from following performan
parameters: contrast ratio, viewing angle, and aesp time which conclude tl
ultimate professed image superiority. EnhancenmehOD efficiency with extremel
low viscosity materials, quantum dots and noveachinery structures we
investigated, together their operational methodglaegd. Another round of LCI
innovation is around the corn The improvement in the contrast ratio of vertici
aligned LCDs from 5000:1 to 20,000:1 was elabordigdH. Chen eal. [50]. The
implementation of local fainted backlight was reqdi to increase contrast ratio
1,000,000:1. Along with other stupendous featuasch as superior resoluti
density, enhanced peak brightness, low cost angl litetime, LCD would connue
its supremacy in the predictable futi
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Figure 5: The functional reflecting polarizer (FRP)and pattern half-wave plate-

equipped suggested backlight's schematic diagram drlayout are shown. (HG:

homogeneous alignment; TN: twisted nematic alignent) Reproduced from Ref. [50]

with Springer Nature's permission

Wireless temperature and biosensors based on nemzgias variable capacitor:
[51- 56]: As described in the reported work of [51], the giown the wireles:
communication system with novtechnologies like the Internet of Things (loT)
integrated in various smart sensors that reducantheallation and system costs. Th
sensors replace the weird and tedious approactaswitre used in the past.
simplifies deployment with flexibily and deal with a new set of applications.
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proposal of wireless temperature sensor based m@aties as variable capacitance
regarded as a proof of concept for prospectiveiegipdns. J. C Torres et al. [5
proposed a simple equivalent circuild evaluated the performance analysis for
wireless temperature sensor. This sensor prototygse the commencement of n
biomedical sensors.

1. Biosensors for the detection of antigens: Based on the principle of enzyme
linked immunosorbent assay (ELISA) pathogen
detection method. Sensing eccurs by the realignment of
liquid crystal film by phospholipids followed by other
bioanalytes in the medivm

Biological

Ap Pl ications 2. ForCancer detection and treatmaent: CIII'ICIIII' :lilig'l-uﬂi.cl'bl nrd an tnulltid‘i::iplhirv

tachnology and intriguingly utilization ofliquid erystals to
regular cancer detection methodalogies. Here liquid crystal
employed as cancer biomarker detection and treatmentin
multiple cell line models.

3. Biomedical and clinical applications: Application of liquid crystals in drug delivery
and biclogical sansing have increased attention for use in
sensing and treatment of cancer and tumors. Biosensor
activity is based on the birefringent property of liquid
crystals

Figure 6: Biological Applications of Nematic Liquid Crystal- Biomolecular Loaded
System [57].
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LLabeled method ofi immuno detection

Figure 7: Schematic lllustration of Label Method ofImmuno Detectionusing
Interaction of Nematic Liquid Crystal with Air and Aqueous Solution [57].

Labellfree iImmuno detection method

‘ Cleaning of 5 and dryng it under the flow of nitrogen followed by baking for 15 min
Immersed in DMC ¥ silane surfactant for 15 min

UV modified DMOARP layer for 20 min

Addition of antibody on the UV es and dried at room

‘ Antigen is dri

‘ Remaoval of ¢

Figure 8: Flow chart representation of label free nrethod of immuno detection [57]

The geometry andesign of temperature sensors based on liquidatsybs
been proposed for potential wearable applicatidhs. high therm« optic coefficient
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[52] of liquid crystals makes them a better cantidas a base for high sensitiv
temperature sensors [£ Its sensitivity is determined from the geometry aegign
parameter of liquid crystal as well as the iniaignment of liquid crystal molecule
and thickness of sample cell. Such materials ameposed of nanoscale elonga
organic molecules produg an orientational order. The important requirenien
liquid crystal based temperature sensors is th&o#amopic property of mesogens tl
provides limiting operating range up to clearinginbo There are several liqu
crystals that are synthesized h very broad temperature ranges from 35 0C 5 C
higher than 180 oC in other kind of liquid crystfd, 55]. Biological applications (
nematic liquid crystals doped with porous carboarqum dots have been descril
elsewhere [56]. Popov et al. [Sexemplified the label free method of immt
detection using nematic liquid crystals and bioroolar nanoparticles as shown
figure 5-7.

* Liquid crystal lens with modified performance [58]: As reported in the work of (
J. Hsu et al., [58] it reveals the design criter@na floating ring electrode (FRI
embedded liquid crystal lens. The impact of FREhenelectrc- optical performanc
of a hole patterned liquid crystal lens were effively revealed. Results have sho
that the potential in the center of aperture hald)(gets strengthened by reducing
addressing voltage of the liquid crystal lens dr@lERE is close to the h-patterned
electrode. The tunable focal length ranges also broadened. The wave fr
aberration of the liquid crystal lens was insteaduced when the FRE was close
the liquid crystal layer because the embedded FRBhtens the gradients of t
fringing electric field and the accompanying phpsefile close to the AH perimete
The modulation transfer function curve and -meansquare error of the suppres:
wavefront aberration were both excellent. But beeathe FRE close to the A
perimeter collects the fringing electric field anouthe AH perihery, it is inevitable
that the FRE close to the liquid crystal layer @ages the addressing voltage of
liquid crystal lens.

Glass substrate,  ppg, 4mm  S0um

Hole-patterned . “\\ mm —— .
electrode ~ 0.55mm

’ O — [ —/
~ 6mm ’ 0.55mm
VI ms : VI ms
|0.55mm @

LC layer 50pm

/ T055mm

(a) (b)

Planar electrode®

V = [ ] Vv

0 - = 0

(c) (d)
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Figure 9: Schematics Ob(A) FRE-Top, (B) FRE-Inplane, (C) FRE-Middle, and (C)
FRE-Bottom LC Lenses.The Red Symbols Indicate the FRBEPositions [58]
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Figure 10: Calculated potential distribution of (a) FRE-top, (b) FRE-inplane, (c) FRE-
middle, and (d) FRE-bottom LC lenses. (e) Capacitances variation withRE positions,
(f) Capacitances variationwith frequency of the different FRE positions of LClenses
(g) Change in focal lengths with voltage of the FRIpositions of LC lenses. (h) Focusin
spot sizes and calculated diffractio-limited values of the FREpositions of LC lense:
addressed at Max P [58].

* Waveguide application of liquid crystals: Communication system is basically
collection of discrete networks, transmission systetributary stations, relay static
and data terminal equipments that are interconmg@nd interoperating to fornn
integrated whole. The machineries are technicalppmatible, respond to controls a
operate in union. Diverse wired and wireless inftagure coexist in a seamless,
purpose network architecture platform used to négnaultiple communication:
Staying ahead of the curve to ensure infrastructarequipped to handle toda
demand and tomorrow’s innovation is the expertiResearchers [59], in the
constant efforts towards progress, find it essemtiaestablish better, quicker a
more numerosi communication syste
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The inclusion of Liquid Crystals in waveguides puially reduces the cost
production and allocate for integration of wavegsiddirectly into fiber opti
networks which permits more direct optical switghiand fewer cable les. This
technology i.e. liquid crystal waveguides has digantly reduces the infrastructu
design obligatory to take fiber optic technologybmth commercial and resident
applications. The tremendous possibilities offatdugh this photonic sucture are
based on periodic modulation of refractive indertoalled by an electric field. It he
been investigated that the volt-tunable array of liquid crystal waveguide allows
linear and non linear propagation of light whichd$ its applicaon in the study of
discrete optical phenomenon [60]. Such novel gepmexhibits potential for th
recognition of multifunctional routers and all agati signal processors with liqu
crystal. Vescent photonics [61] developed a newrtelogy based on ectro - optic
waveguide platform that provides unprecedentedageltcontrol over optical pha
delays circumventing their historical limitationEhe large optical phase delays
such technology enable the construction of newsabdphotonic devices f example
2-D analog normechanical beam steerers, chip scale tunable Jagepsscale fourie
transform spectrometer, tunable micro ring resasattunable lenses, optical tir
delay devices, optical switches etc. The liquidstalywaveguide photonicchitecture
has applications in the defense markets: remotsirggnlaser illumination, phast
array radar and many more. Various uses of liquydtal waveguides require acti
control over light like optical computing, telecommcations, holography d
industrial process analys

Substrate

Grounded electrode

Liquid Crystal

Pixel electrode

Substrate

Incident Plane Wave

Figure 11: Photonic Application of Liquid Crystals [62].
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Figure 12: WaveguideApplication of Liquid Crystals [62].
lll. CONCLUSION

This chapter gave a general overview of liquid t@&lyssystems doped wi
nanoparticles, along with information on their ackgges and uses. Different characteriza
methods, including SEM, TEM, and XRD, have showat thanoparticles, despite their sn
size, have a large surface area, making them a gaodidate for a veety of applications
Additionally, the optical characteristics are atkmminating at that scale, which highlights
significance of the doped materials in a varietgpplications, including photocatalysis, sc
energy, biological, optical electron, and many others. The precise shape, size,
magnetic characteristics of a liquid crystal systeéimped with nanoparticles may
controlled using synthetic approact
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