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ABSTRACT

Liquid crystal (LC) is a unique material, which has fluid-like behavior and also anisotropic
properties. Their ability to exhibit anisotropy, birefringence, and fluid-like behavior has been
utilized in several domains, like displays, optical systems, sensors, and biomedical devices.
The nematic phase among the several mesophases of LCs provides greater dynamic control
over the other mesophases. The development of novel LC variants featuring enhanced
properties for various applications is an expensive and laborious process. Alternatively, to
improve the properties of the nematic LC, the integration of nanoparticles and ionic medium
in LCs has led to a modulation of the properties of the LC phases. This resulted in a reduction
in threshold voltage and an improvement in response time. Furthermore, within the field of
liquid crystalline materials, scientific research and technological progress have resulted in the

emergence of novel concepts, one of which is the liquid crystal polymer composite.

The eftective integration of LCs with polymers facilitates the emergence of various unique
effects by adjusting the properties of the polymers and the LCs. LCPCs gained attention for the
development of devices such as smart windows, advanced optical encryption, biosensors,
flexible and foldable biosensors, energy harvesting devices, and numerous other innovations.
The main categories of LCPCs are polymer-dispersed liquid crystals (PDLCs) and polymer-
stabilized liquid crystals (PSLCs). PDLCs consist of liquid crystal droplets that range from
micron to sub-micron sizes, which are integrated within a continuous polymer matrix. PSLCs
incorporate a polymer stabilizing network within the continuous liquid crystal phase. In
addition to PSLCs and PDLCs, the polymer exists in a ball/microsphere configuration within
the liquid crystal category, classified as a polymer ball-filled liquid crystal. This thesis
demonstrates the incorporation of the ionic medium in the LC and the development of the
different kinds of LCPCs to fabricate devices such as free-standing optical diffuser, laser

speckle contrast reducer, electrically tunable light scattering devices, and tunable phase grating,
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which have potential applications in the field of electro-optics, foldable displays, and laser-

based projection displays.

Chapter one covers the different phases of LCs, liquid crystal polymer composites (LCPCs),
their classifications, and their physical properties. The light scattering in the different kinds of
LC and LCPCs. Chapter two focuses on the fabrication of PDLC-based free-standing films,
LC cells, and experimental methods to characterize the devices. Chapter three discusses the
simple and straightforward approach for developing a free-standing film-based optical diffuser
fabricated using 4'-Pentyl-4-biphenylcarbonitrile (SCB) nematic liquid crystals and cellulose
acetate (CA) biopolymers. Films are fabricated using the solvent-induced phase separation
approach. The films are foldable and show stronger light-scattering characteristics. In the films,
a continuous cellulose acetate biopolymer network encapsulates micron and sub-micron LC
droplets that scatter the light passing through the film. The films exhibit ultrahigh haze (~
99%). The optimal concentration of LC with CA shows an angular transmission profile close

to Lambertian distribution.

Chapter four investigates a nematic liquid crystal with negative dielectric anisotropy termed
N-(4-Methoxybenzylidene)-4-Butylaniline (MBBA) doped with cetyltrimethylammonium
bromide (CTAB) as a laser speckle contrast suppression device. Ionic medium
cetyltrimethylammonium bromide (CTAB) increases ionic concentration, alters the dielectric
properties, and improves electrohydrodynamic instability (EHDI). When light passes through
the device, the EHDI effect produces dynamic scattering. Due to dynamic scattering, speckle
patterns are generated. The speckle patterns are collected by a charge-coupled device (CCD)
camera over a finite exposure time that is adequate to capture the phase modulation due to
dynamic scattering. This results in a reduction in the speckle contrast. These investigations

show that it reduces speckle contrast without a complicated setup.



Chapter Five covers the development of tunable light-scattering devices without the need for
conventional UV or heat-curing methods. The polymer, composed of amino acid-based
pseudopeptides, exhibits solvent-dependent self-assembling properties and is integrated into
chiral nematic liquid crystals (CLC). Inthe E7 and CB15-based CLC, pseudopeptide polymer
forms the micron-sized ball/sphere, which enhances the light scattering properties of the focal
conic state of the CLC and reduces the threshold voltage. The 10 wt. % of the polymer in the
CLC reduces the direct transmission twice compared to non-polymer CLC in the focal conic
state. The inclusion of the polymer also improves the time required to induce the scattering

state.

Chapter Six focuses on dielectric and light scattering properties of the pseudopeptide
incorporated negative dielectric anisotropy nematic liquid crystal (nLC). In nLC,
pseudopeptide polymer precipitates in the form of micrometer-sized spheres. Polymers
enhance ion density, mobility, and conductivity, removing the need for an extra ionic medium
to produce a stronger electrohydrodynamic instabilities (EHDI) state. The maximum ion
density occurs with the 5 wt % polymer in the nLC, whereas higher values for the diffusion
coefficient, ion mobility, and ac conductivity are observed with the 7.5 wt % polymer in the
nLC. In the nLC with the pseudopeptide polymer microspheres, light scattering is significantly
enhanced in the EHDI state. The pseudopeptide also provides an excellent contrast ratio and

decreases the voltage required to produce a light-scattering state in the nLC.

Chapter Seven reports the one-dimensional (1D) and two-dimensional (2D) phase grating
using the in-plane switching (IPLS) configuration of the LC cell with a nLC. Changing the
orientation of nLC molecules between periodic electrode strips induces periodic refractive
index variation. At the high frequency of the electric field, the device generates one-
dimensional diffraction patterns that show voltage-dependent diffraction efficiencies in

different orders. At low frequencies, it shows one-dimensional diffraction patterns at lower
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voltage and two-dimensional in certain voltage ranges due to electroconvection rolls between

the electrode strips.

The thesis concludes with a discussion of the future scope of the major results and the work
presented in this thesis and their possible potential application in several electro-optic devices,
such as projection displays, tunable optical diffusers, smart windows, beam steering, and

foldable optical technology.
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AR

fafers fbeea (wadh) e ifgdia uarf B, o sragR ava yarf S gidr & aut 398
Sifrae e 1T oft 8 ¥ 1 SfiieTR, fearuaed ofR 5a S agR veRkid o &t 3!
&I T ST s & B foar T B, 99 e, offfPard e, TR ok aradfEwa
fEared | Tereht & B3 HeArEawIIS] & did FAfH TR o=y HEaRIIS R Y fasiia
=01 Ue wxar g1 fafid Sruai & fog S9d ot & faRivar ara Y LC afvie @
9T T HE SR yFTed Ufehdr § | dbfeid U ¥, AAfed LC & 101 &I dgaR o
& T, LC T AUl 3R SIS ATeId & THIHRN = LC TRUN & T[UN & HISYeIRA Dl
o 3T 8 | S UNUFRGEY IRIITS dieeol H BT 318 3R Ufdfhar T80y H gUR g3
& i, fifers fbedia Il & &3 ®, oie SrgHUr S8R dob-ia! Wi &
URUTHRERY 715 S[AURUITE IFH 1S &, for T 8 Uep forfers fobeat uieiaR Suifre g1

UITeriR & 1Y LCs &1 YHTAT U101 UIferAR 3iR LCs & T[0T oI JHINOIT $Hb fafda
35 THTAl & 3ead B AT YaH &xal g1 LCPC = WTE {48, 3ad siifivewd T,
IR, Teidl 3R Blesdd IRRIR, Sl 99 JUSU 3R H3 3= Fd[R] o
IUHRUN & fawra & e ea seefia faean| Lepe @t g Afvr giferR-Thar 1g
farfeps fobeed (PDLC) 3R UTferR-RRR faifers febed (PSLC) §1 PDLC H faifeps fobeedt ol
g2 Bt & S AISh I q AHR Ya-HAIZHI SMHR dd gidl &, [l T Tdd UifermR Afead
& IR TSipd a1 ST 81 PSLCs & ¥ad fafers fored @Rur & iR T UifenR
R Headh QMM el 81 PSLCs 3R PDLCs & 3refrd], UiferR ferfeps fopeea 9uft &
IR U Sia/ASh bR o= 8 Aisig g1 &, o uiferR dia-fiees fafes fvea
& ¥U ¥ Fiffepd foran SIra 81 U8 XY Uey Tai § Smafes Areny & wHaw 3R faftm
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UPR & TAUUIE & fabrg I UaRid o1 5, forad w1-xfE siffvwd fSwreR, dor
Whd plere NegwR, [dggd U ¥ sHad arge WheliT fSarsy iR erad e Afd
S IUHRON HI AT A I 9, S Sadel-iivay, hiead S 3R doR-
3MeTRd ToiaR fSva & & o SHIfad SIuam &

3T Ueb H LCs, Tefes fobeeet UieliTR hUISTe (LCPCs), 3Tcb qTifehR Ul 3R b Hifdeh
T & fafs TRoT &t 2N fpar T § | fafid UeR & LC 3R LCPC W U =T &1 U 0f |
3T &I PDLC- TR Fard- R fired, LC HIRIBI3T SR STHUN &1 fa=iSdl S &
fu varmes dlel & FEu W dfed 81 s dH # 4-UcEd-4-
SRGRAGEMEeRd (5CB) ARle® fdftrs fhted iR Jegae Tiee (CA) IR
B ST HRb T T Jard - flher- st siifPdwd SRR fawRid & & o
W 3R WY PP R == B T8 7| faaas-ORa TR QuasHur S PHI 1 SR
HRp el o1 i forar STt B | fhed wicedd § 3R Aoled UahT=I-UehivH [aRivdid
fearch €1 fhet & U Jad Jgaisl Taiee SaIerR Hedd A 3R Td-AghH
LC Sl ! THIRd Bl § of fhed & ToR a1 UHI &I fovekd § | e siecrers gy
(~ 99%) UGTRId Pl &1 HIT & A1 T I SYAH Figdl e g fqaRu & e Th
HIvlg GaR0 MpTed feard gl

3T IR H U s fafers fobed ot offg o1 T8 8 S ToRIE® s2gdfae®
ST 8 foRY N-(4- AT RfEF)-4-eTsaufAfer (MBBA) gl ofTdT § o Ao
Wehd HeRe TURH fSa2d & U § HZagRadsadI-ay SHSS (CTAB) & I1Y U
forar ma B1 smafie wrenw Hiegaegaugaiia SHISS (CTAB) S Tigdl &

SeTdl §, STS3aiaed T[UN &I 9aadl 5, 3R SAdC IS IS fRRET (EHDI) H guUR
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FRA g | 59 ThTR fSarzd § iR ToRdl g, @l EHDI WG Tfa=id UabiuH Ul &=l g
=it foRaRTa & HRUT, YsieR U S0 8Id ¢ | YNGR UeH &l U dTol-grird foarsd
el FIR gRT U Wi TeTdioR T W TS e S § S fasfia faava &
BRI IR HISCRA DI Uh S & T T § | $HP URUTIRGTY YeiaR deRe H HHT
31Tt B1 T S xifelt € fob T oifee Yeam & fomT 4siaR dere & &H HRal 3|

3T Uig H URUNS UV I1 dU-IUaR At &1 sfavgedt & for1 ened UHhr-

U109 IUSHRUN & faemTd 1 2nfira fopam mar g1 st TRrs-snenivd geuprRey 9
1 UifenRR, faamaes-FR a-Taier 1ol & vefid ol § 9k 39 fora Aafes fafes
fohted (CLC) H UPhidd fohdT ST €1 E7 3R CB15-3MURA CLC H, YSUPIES TIer R
IS SMHR B T/ Ml FIT 8, S CLC B Bidhd X TR & YHIR b1 ol
DI FgIdl § 3R ATS dleesl &I HH Al 81 CLC H TR &1 10 wt. % HIdhd TP
3ARYT H TR-TIAHER CLC BT a1 H Udef FaRUl DI QAT HH Bl § | UiCeR &I mad
B Y UDHIU TR BT URd A & foIe smawgs g9g H off GuR gar |

3 BE H WEUPIES & SEaiaed SR UHIR UH U 0N IR &1 ofgd fasar
g, ford Aifeg segafdes st Aifew fafers fheed (nLe) TMfAE g1 nLC &,
YSIUPTE S UlfenR ATZHIHICR HTHR & Md &b U H S[Gafid giar g | IerR 31 ¥,
Tffierdr 3R A B SeTd €, SrIY U Aoied Sade 813 ST ifRURdT (EHDI)
T Ia = o g oifaiaa A A1eqy &1 Saxgesdl ST & S 6 | nlC 7 5

wt % e & 1Y fIpdr M- U9d gldl §, S nLC H 7.5 wt % TR & 1Y

JR 0T, 3 TaRiiedT 3R ac ITdddl & ol = AF ™ Od &1 WYSIUvIEs
Ui HISHIRGIR & 1Y nlC H, EHDI 3faRIT H UhT UPHIU HIHI 9¢ SIdl g



YSIUPTES U IPT HeRe U Hf UGH PRl § 3R nlC T UBTRI-UDHIUH AR

I B b T TP e Dl HH BT 5

3HTY WA § TR & 1Y Terdl Hel & 39-i AT (Sreulueed) HifhReH &1
ST b Teh-SMMATHT (181 SR G-t (281) =R01 gl o1 Ruld €t i 81 siraferes
Zadels W o oTd Tua Supsfi & I &1 seaq 4 afiids uadd Jam s
Tl I gicht &1 faggd &F 3t = 3MgRl W, IUHRN Teh- AT faac Ue I
a1 g Sl fafts ot § dieewl-FR faadH geransii ) gxfar 81 4 smafel R, g8 &1
Jiees R TH-TAH faad= Ted 3R 3aacis Re™ & o9 Saaeid-aa-H JUd & HRUI
$© dieew AR | &l g fearar g |

AR &1 JaTo 39 R § ugd ug@ gl 3R &1 & Uid™ & arR iR &%
AT SR Bieead P carrarst § 3 SHIAd JHIfAd V[N &1 g & a1y

U
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