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ABSTRACT: Drug-loaded liquid crystals have emerged as a promising approach for drug delivery with numerous advantages
over traditional delivery methods. This review highlights the different types of liquid crystal phases, including lamellar, cubic,
and hexagonal phases, and their suitability for drug delivery. The preparation and characterization of drug-loaded liquid crystals
are also discussed. The unique structure of liquid crystals allows for controlled drug release, targeted delivery, and improved
bioavailability. Several successful drug-loaded liquid crystal formulations have been reported, demonstrating their potential as an
effective drug delivery system. However, there is still ample room for future research to optimize drug loading and release,
explore the potential of new types of liquid crystal phases, and investigate the feasibility of liquid crystal-based drug delivery for
different routes of administration. Overall, drug-loaded liquid crystals hold great promise as a novel drug delivery system, and
continued research in this field has the potential to significantly advance the field of drug delivery.
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INTRODUCTION :

Liquid crystals are a distinct state of matter that exist between a crystalline solid and an isotropic liquid. They possess many of the
mechanical features of a liquid, such as high fluidity, inability to resist shear, and the ability to form and merge droplets.
However, they also display anisotropic properties in optics, electricity, and magnetism, much like crystals. The term "liquid
crystal" was first coined by Lehmann in 1889 to describe this unique state of matter®.

Liquid crystals are types of fluids in which the constituent molecules are disordered enough to be classified as a liquid and exhibit
flow properties, but they also exhibit varying degrees of ordering based on the specific type of liquid crystal phase present?.
Liquid crystals are used in various applications, including LCDs (liquid crystal displays), thermometers, photoconductor optical
imaging, electro-optical devices, and medical equipment®*.

Liquid crystals have also been found to have new and innovative applications in analytical chemistry. They are particularly useful
in the development of sensors, the analysis of biological materials, and gas chromatography (GC).

Liquid crystals can be categorized based on their characteristics, such as their geometric or architectural structure. They are
classified as calamitic or discotic. Calamitic liquid crystals are made up of molecules with a rod-like shape, while discotic liquid
crystals are composed of molecules with a disc-like shape. They are further categorized as thermotropic or lyotropic, depending
on whether they are formed through thermal means or through the influence of solvents, respectively®.

The mesophases that form monomer liquid crystals (MLCs) and polymer liquid crystals (PLCs) have long-range order in one or
both dimensions, either in terms of the position or the orientation of the molecules. The rigid component responsible for this
liquid crystalline behavior is called a mesogen®.

The molecules that form liquid crystal phases often have specific structural characteristics, which can be described as follows:

(a) The molecules are elongated. Liquid crystallinity is more likely to occur if the molecules have flat segments, e.g., benzene
rings.

(b) A fairly rigid backbone containing double bonds defines the long axis of the molecule

(c) The existence of strong dipoles and easily polarizable groups in the molecule seems important. (d) The groups attached to the
extremities of the molecules are generally of lesser importance’.
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Types of Liquid Crystals:

Liquid crystals are categorized based on the subatomic structure of their particles, which results in positional and/or orientational
order within the lattice. The following are the different categories of liquid crystals:

Thermotropic Liquid Crystal:

The term "thermotropic™ refers to liquid crystal molecules that change their shape and properties in response to temperature
changes. The word "thermo™ refers to temperature, while "tropic™ refers to the tendency of the molecules to align in specific ways.
When heated, these liquid crystals usually become isotropic liquids, losing their long-range positional and orientational order.
Thermotropic liquid crystals are typically categorized into nematic, smectic, and cholesteric phases.

Smectic (Sm) Phase:

In the smectic phase of liquid crystals, the layers are arranged with their long axes perpendicular to the direction of molecular
orientation, and the arrangement of the molecules within each layer is visible with distinct interlayer spacing. This phase is further
classified into various sub-phases, including smectic A, smectic B, smectic C, and so on, based on the specific arrangement and
orientation of the molecules. Some smectic phases, such as smectic C, smectic F, and smectic I, are tilted, while others, such as
smectic A and smectic B, are orthogonal or non-tilted®.

Nematic Phase (N):

The nematic phase of liquid crystals is the simplest and least organized mesophase structure, where the molecules exhibit one-
dimensional orientational order, but not positional order. The degree of order in the nematic phase can be measured by an order
parameter, S, and the average orientation of the molecules in the phase is described by a "director” parameter, n. The formula is
given below?,

S:%(3COSZG 1)

The order parameter S of a nematic phase is defined as the average value of the cosine squared of the angle (0) between the long
axis of an individual molecule and the director parameter (n) representing the average orientation of molecules in the phase. The
value of S for a nematic phase typically falls between 0.4 and 0.7, indicating a moderate degree of orientational order. Because of
the parallel alignment of the molecules along their long axes, nematic phases exhibit anisotropy. One of the primary applications
of nematic phases is in electronic displays®°.

Cholesteric Phase :

The chiral nematic liquid crystal phase, also known as the cholesteric phase, exhibits a helical structure where the molecules are
organized in successive layers. When plane-polarized light interacts with these chiral structures, a rotation of light in the helical
direction can be observed. If the pitch of these helical structures falls within the range of 400-800 nm, which is the visible portion
of the spectrum of light, the phase appears colored. The pitch of the helix is influenced by temperature, which also affects the
wavelength reflected. The ability of the helix to unwind in response to changes in the electric field can be utilized in a stimuli-
responsive drug delivery system*12,

Lyotropic Liquid Crystals:

To clarify, the word "lyotropic" was derived from the Greek word "lyo," meaning "to dissolve," and "tropos,” meaning "turning or
changing direction." Lyotropic liquid crystals are formed from amphiphilic molecules, which have both hydrophilic (water-
loving) and hydrophobic (water-fearing) parts. The orientation and organization of these molecules depend on the concentration
of solvent in the system. The lyotropic mesophases include cubic, hexagonal, and lamellar phases, which are based on the
geometry and arrangement of the organized structures.

Lamellar Phase :

The lamellar phase is composed of amphiphilic bilayers located between the oil and water phases. The bilayer structure helps to
minimize contact between the oil and aqueous phases, making it useful for drug encapsulation. As the concentration of water or
medication increases, the thickness of the bilayer increases depending on how it partitions in a specific oil or water phase*314,

Hexagonal Phase :

Surfactant micelles can form higher-order 2-D structures in the hexagonal phase, including a higher hierarchy of cylindrical
micelles. The hexagonal phase can either be a regular hexagonal phase or a reverse hexagonal phase, depending on the agueous
environment. In the normal hexagonal phase, the polar head is exposed to the aqueous medium, while the hydrophobic acid chain
faces inward. In contrast, the reverse structure occurs under anhydrous or low aqueous conditions, where the hydrophilic tail
forms the inner core, and the hydrocarbon chains are oriented towards the non-aqueous media, creating a reversed hexagonal
phase. Hexagonal liquid crystals have a fan-like texture when viewed under polarising light microscopy. These structures can be
useful for drug delivery systems?>26,

JETIR2305633 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 9227


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)
Cubic Phase :

The cubic liquid crystal is composed of a continuous bilayer of lipid with a thickness of approximately 3.5 nm and non-contacting
aqueous channels that increase the interfacial area of the cubic channel to approximately 400 m2/g. This phase is subdivided into
three classes, namely the body-centered cubic lattice phase, the gyroid lattice cubic lattice phase, and the double diamond lattice
cubic phase. They are stiffer than other mesophases, allowing for controlled drug release, with a higher capacity for medication
loading. They are also more resistant to dilution than other LC phases. However, extremely water-soluble medications cannot be
incorporated because of the high amount of water present’:8,

Gel Phase :

The gel phases share similarities in structure with the lamellar phases, but they exhibit high viscosity due to the highly regular
intermolecular arrangements found in phospholipid bilayers. These phases are characterized by amphiphiles with one or two alkyl
chains in an all-trans conformation that form rigid layers. Four distinct lyotropic gel phases have been identified: subgel (Lc),
lamellar gel phases (Lb or Lb"), rippled phases (Pb'), and liquid crystalline or fluid phase (La)**?

Fig.1 Structural design of Lyotropic (A) and Thermotropic (B) liquid crystal phases?..
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COMPOSITION , PREPARATION AND CHARACTERIZATION OF LIQUID CRYSTALS :

COMPOSITION OF LIQUID CRYSTAL NANOPARTICLE :

I. AMPHIPHILIC MOLECULES

Self-assemble in an aqueous environment to reduce unfavorable interactions between their hydrophobic component and water.
The formation of the lyotropic phases depends on three factors:
1] the amphiphilic molecules,
2]the appropriate solvent (water for biological applications)
3] the temperature.

The parameters of the mesophases can be altered by external variables like as pressure, pH, and salt concentrations in addition to
temperature?2. Just a small number of amphiphilic compounds have been employed as LLC NPs in drug administration, despite
the fact that many of them have been reported as displaying lyotropic liquid-crystalline behaviour in water. The main limiting
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factor is its stability in physiological media. These amphiphilic compounds include GMO and similar molecules (such
monolinolein), as well as combinations of GMO and other lipids.

The first chemicals to be studied for the formation of structured nanoparticles included these substances 23. The GMO analogues
are less stable against enzymes due to an ester bond and one or more unsaturations in the aliphatic chain. The reverse cubic lattice
is forced to become a reverse hexagonal one by the partial breakdown of GMO at physiological temperature. Investigating

phytantriol was done to find a solution to this problem. When temperatures are physiological, it also produces cubic mesophases
24,25

In order to improve its resistance to being broken down by enzymes, phytantriol's aliphatic chain is methyl branched and
completely saturated . By adding tiny chemicals, such as tetradecane or vitamin E, the temperature at which the inverse
hexagonal mesophase (H2) is formed may be lowered to physiological levels, allowing for a more regulated occurrence of the
phase 2728,

An alternative remedy is to add a glycerate group to the traditional GMO head. When circumstances are physiological, (H2)
mesophases can emerge thanks to these minute alterations?®.

Il. STABILIZERS

To prevent aggregation over time, nanoparticle dispersions must be stabilized. The type and concentration of stabilizers are not
meaningless because they can influence crucial factors such the creation of mesophases, toxicity, and protection against
hydrolysis. To prevent the flocculation of nanoparticles, pluronic copolymers are a viable option®.

These are triblock copolymers, EOx—POy—EOx, with two outward portions made of ethylene oxide units (EO) and one core
component made of propylene oxide units (PO).

a) The PO block is in charge of the polymer's adherence to the nanoparticle,
b) EO blocks function as steric agents and prevent flocculation.

The hydrophilic/lipophilic balance is a crucial characteristic and both components are necessary. The triblock copolymer EO99—
PO67—EQ99, often known as Pluronic F127 or Poloxamer 407, is the most used pluronic stabilizer.A lower concentration of
Pluronic F127 creates larger nanoparticles, whereas a greater concentration of Pluronic F127 promotes smaller ones. Pluronic
F127 is also known as Poloxamer 4073,

GMO-based nanoparticles of 1.0% weight and phytantriol-based ones at 0.5% weight may both be evenly dispersed using
pluronic F127. Nevertheless, it is not the best Pluronic to stable these nanoparticles, and F108, EO132—P0O50—EO132 a higher
capacity to stabilize cubosomes with less change of the interior mesophase structure®. Since it extends the H2 mesophase domain
for phytantriol and GMO, b-casein was also utilized as a stabilizer *.

Specific LLC Nanoparticle stabilizers, disk-like Laponite clay particles for GMO/tetradecane/water systems, and spherical silica
colloids for phytantriol/tetradecane/water systems are a few more non-organic structures that have been reported.

PREPARATION OF LIQUID CRYSTAL NANOPARTICLES :

Drugs that are hydrophilic and lipophilic have been placed into LLC NPs. Before being dispersed, the medication is typically
dissolved in the bulk mesophase. Hydrophobic regions of the nanostructures house lipophilic chemicals. These medications can
occasionally be found close to hydrophilic regions, which causes changes to the curvature towards the water channels®*. After
dispersion, hydrophilic medicines stay in the water channels?®

Drug loaded Lyotropic Liquid Crystal Nanoparticles are typically prepared for use in drug delivery using two methods :

A top-down approach

The stabilizers and amphiphile mixture are first hydrated, enabling them to self-assemble into a viscous mass. The mass is then
evenly distributed in an aqueous solution while being highly energetic. Ultrasonication and high-pressure homogenization are
frequently used processes. It must be noted that all of these approaches involve heating the materials, which can severely harm
amphiphilic molecules or medications in capsule form. The bulk mesophase, which includes the medication and the stabilizers,
has been dispersed using a shear device based on a Couette cell to prevent this damage®®. The benefits of this technique include
reducing the amount of heating energy used and creating monodisperse LLC NPs with high concentrations of lipophilic
compounds quickly (up to 70% wt).

A bottom-up approach.

In this method, hydrotropes and amphiphiles are combined before dilution. Hydrotropes, which are utilized to increase
nanoparticle solubility but may also cause toxicity, are a significant problem. A controlled addition of an aqueous medium causes
a fast reduction in the lipid solubility in the amphiphile/hydrotrope solution, which leads to the generation of distributed LLC
NPs. This method's benefit of producing nanoparticles with greater stability is that it is more widely available 2°.
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Both methods generate vesicles that may interfere with the drug release mechanism in addition to Lyotropic Liquid Crystal

Nanoparticles, which are thought to be produced in both cases.

There are three methods for cleaning Lyotropic Liquid Crystal Nanoparticles solutions :

smaller vesicles, it is utilized to purify
cubosomes. The solubility of the surfactant
actually reduces as the temperature rises,
and vesicles fuse to form new
nanoparticles. It has been shown that
GMO-based cubosomes with narrow
particle size and well-defined interior
structure may be manufactured in a
scalable and repeatable manner using a
combination of shear energy
homogenization and heat treatment %7

Abraham et al. first
developed in 2004 and
which stays away from
high-energy procedures.

It combines dialysis
with  the bottom-up
strategy.

METHOD 1 METHOD 2 METHOD 3
The Heat Therapy (usually above 120 C). | Modified Dialysis | Premix Membrane Emulsification, and it is a
By creating organized cubic particles from | Approach, which | process in which a predispersed emulsion is

repeatedly extruded through a membrane with
desired-sized holes to create smaller emulsion
droplets. A monodisperse nanoparticle solution may
be created using this method .

A rise in temperature is necessary, the use
of this purification process is essentially
limited to particular circumstances and
isn't always appropriate for drug delivery
applications %,

To create a solution
devoid of hydrotropes
and micelles, the bulk

phase  of  lipid is
combined with water,
hydrotropes, and

Pluronic before being

The creation and stability of cubosomes or
hexosomes have recently been shown to be
generated or modulated by altering various solution
properties including pH or ionic strength. Without
the use of significant energy, these methods enable
the production of the desired nanostructure.
Phosphate buffer was added to an aqueous solution

dialyzed against water®®. | of cationic  vesicles to
dispersion®..

achieve

cubosome

Characterization of Liquid Crystal Nanostructures :

SR
NO

INSTRUMENT

IMPORTANT FEATURE

REFERENCE

Small-angle
Scattering (SAXS)

X-ray

The most effective method for studying mesophases. Bragg peaks are
defined as the regions where the incoming X-rays scatter the most due to the
nanoparticles' periodic structure. Databases and derived Bragg peaks may be
compared to identify recurring assemblies (double diamond, gyroid,
primitive cubic, discontinuous cubic or hexagonal).

Synchrotron X-ray sources must be utilised in order to produce
diffractograms of greater quality and shorten acquisition times. It has been
able to analyse events using this method, such as the transition from lamellar
to cubic mesophases or the transition from cubic to hexagonal mesophases
when vitamin E is added.

42

Differential ~ Scanning
Calorimetry (DSC)

DSC can provide additional types of information, such as details on how an
encapsulated medicine interacts with the mesophase. Phase changes can be
researched.

43,44
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Cryogenic
Transmission Electron
Microscopy (cryoTEM)

The nanoparticles' size and shape to be determined. To prevent changing
nanoparticle architectures, the sample must be vitrified. Just a small number
of particles may be visible due to the slow acquisition time. Moreover, rapid
Fourier transform analysis combined with cryo-TEM can be employed to
identify the mesophase.

45,46

Cryo Field Emission
Scanning Electron
Microscopy (cryo-
FESEM)

Is an additional method for examining the nanoparticles' structure. It enables
the same kind of particle in solution observation as cryo-TEM. Although
Cryo-FESEM cannot be utilised to identify the kind of mesophase. it does
offer more surface-level information on the materials than Cryo-TEM. To
further understand the morphology of the LLC NPs, atomic force
microscopy is also employed.

47,48

Dynamic
Scattering (DLS)

Light

Provides details on the size across a greater number of nanoparticles.

The LLC NP dispersion's colloidal stability may be regulated by periodically
taking size measurements. Centrifugation is a technique that can shorten
experiment duration. The process of centrifugation quickens the dispersed
particle's movement; 300 rpm is equivalent to multiplying the gravimetric
factor by 12. In analysing light transmission, there are devices that allow the
sample to be centrifuged, providing information on regional nanoparticle
concentration and demixing processes.

49,50

13C Nuclear Magnetic
Resonance (13CNMR)

In general, diffusion into and out of the water channels of the nanoparticles
is investigated.

Local intermolecular interactions can change a particular 13C's chemical
shift. Information on the diffusion speed of tiny and big molecules in
solution is available from relaxation experiments. For instance, studies have
been done on the migration of Eu3+ or 23Na from the exterior medium to
the inside of cubosomes. These studies also provide details regarding the
internal structure of the nanoparticle, the existence of cubic or hexagonal
mesophases, and the stability over time (particularly resistance to
hydrolysis).

51,52

Infrared (IR)
Spectroscopy

Is a good method for examining molecular interactions. The interactions
between the nanoparticles, the surfactant, the external medium, and the
loaded medication are shown by attenuated total reflectance. The method's
ease of use makes it possible to analyze the stability of interactions while
taking into account changes in a variety of variables, including temperature,
pH, stabilizer concentration, and the adsorption of nanoparticles on surfaces.

53,54
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Newly published drug delivery systems based on Lyotropic Liquid Crystal agents targeted at various disorders and
administered through various vial types Nanoparticles employ various therapeutic effects :

LC DRUG AMPHIPHILE | DISEASES ROUT OF | SPECIAL FEATURES REF
NANOPARTICAL STABILIZERS ADMINIST
-RATION
Hexosomes Irinotecan Oleyl glycerate | Cancer Intravenous | Even at neutral pH, | 55
or phytanyl | (metastasis of irinotecan remains in its
glycerate colorectal active lactone form within
Pluronic F127 cancer) hexosomes.
Cubosomes + | Paclitaxel SPC/GDO Cancer Oral Oral bioavailability is 2.1 | 56
hexosomes polysorbate 80 times greater than that of
(P80)/ ethanol commercial Taxol.
Cubosomes Quercetin + | GMO  Pluronic | Cancer Oral In vitro experiments 57
fluorescent F108 theranostic
probes applications
Cubosomes Cinnarizine Phytantriol See thickness | Oral Phytantriol cubosomes | 58
Pluronic F127 increase the oral
bioavailability = of  the
compound.
Cubosomes Ibuprofen Phytantriol Anti- Oral Increased medication | 59
Pluronic F127 inflammatory absorption
drug
Cubosomes Dexamethasone | GMO  Pluronic | Posterior Ophthalmic | Trans-corneal permeability | 60
F127/glycerol segment eyes has improved.
diseases
Cubosomes Flurbiprofen Cataract surgery | Cataract Ophthalmic | Preparation of flurbiprofen | 61
surgery without irritation
Cubosomes S14G-HN GMO/MAL- Central Intranasal Odorranalectin’'s impact on | 62
adjuvant: PEG--OA nervous certain targets increased
Odorranalectin | Pluronic F127 system mucoadhesive capacity for
disorders, effective transport to the
Alzheimer’s brain
disease
Hexosomes SiRNA GMO/OA/OAM | Gene-caused | Topical More skin  penetration | 63
GMO/OAJ/PEI diseases without irritation
Pluronic F127
Cubosomes FITC-- Phytantriol Vaccine Intravenous | Discharge that continues | 64
ovalbumin Pluronic  F127/ after the first explosion.
PEG200 or Release from PHY
propylene glycol cubosomes occurs more

slowly than from GMO
cubosomes  (In  vitro
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studies)

Cubosomes FITC-- Phytantriol Vaccine Intravenous | Immune cells react to| 65
ovalbumin Pluronic  F127/ liposomes carrying ova and
adjuvants: PEG200 or adjuvants more strongly.
imiquimod  or | propylene glycol
MPL

Cubosomes Ovalbumin Phytantriol Vaccine Intravenous | For slow subunit-antigen | 66
adjuvant: Pluronic  F127/ release, chitosan, a

PEG200 or thermosensitive  hydrogel,
Quil A propylene glycol is embedded with
cubosomes.

APPLICATIONS :
Since its discovery in 1888, liquid crystals have been regarded as an odd material. Research into liquid crystal electro-optical

features was sparked by the requirement for low-power, high-efficiency displays, and they have a variety of applications outside
of displays, such as switchable windows, thermometers, plasmonics, photovoltaics, and solar cells 7.

Fig.2 Applications of Liquid Crystals in various aspects of daily life

OPTICAL
IMAGING
-
GRAPHENE
SOLAR CELL ) OXIDE LIQUID
CRYSTALS
Q V4 POTENTIAL <
APPLICATION
DOMAINS OF
LIQUID
CRYSTAL
PLASMONICS RESEARCH PHOTONIC
CRYSTALS
PHOTOVOLTAICS
NANOPHOTONICS
\

JETIR2305633 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 0233


http://www.jetir.org/

© 2023 JETIR May 2023, Volume 10, Issue 5 www.jetir.org (ISSN-2349-5162)
FUTURE PROSPECTIVE :

In recent years, it has become apparent that liquid crystalline lasing technology is developing quickly. full-color lasing
combinations created from RGB subpixels.

() The lasing spectra of various RGB subpixel arrangements. Matching PL pictures and CIE1931 coordinates determined from
appropriate spectra are shown as insets. Scale bars: 20 m.

(b) The CIE1931 colour diagram's lasing peak chromaticity distribution. Seven spectra were used to isolate the peaks in (a).

(c) A far-field image of a "LCLD" pattern made up of several RGB pixel arrays. A mobile phone's built-in digital camera was
used to take the picture. The scale bar length is 150 m 8,

The variety of LC mesophases (such as cholesteric, nematic, or blue phases 67 and the numerous intriguing concepts for using
them in the context of light amplification were reported in the last decade and will be presented in the coming years. Because of
these elements, this study field is exceptional and rapidly developing. The concept of band-edge lasing ™, devoted to the
production of the ultimate light source in the future, was implemented using the many LC mesophases and their distinctive
features 2.

Fascinatingly, researchers have suggested that the industry has implemented principles that underlie the creation of LC-dye hybrid
systems. The utilization of contemporary and recently created chromophores, such as BODIPY -dyes, that have useful features for
band-edge lasing is made possible by this method in a variety of ways. It is crucial to emphasise that this group of dyes is created,

functionalized, and investigated in order to utilize them in lasing technologies due to their exceptional thermal- and photostability
73

For instance, creating reliable, effective OLED- and WOLED-based devices is one of the primary objectives for contemporary
optoelectronic technology (dedicated to progressive and improved TV screens, monitors, projectors, displays, and novel lighting
technologies, such as Li-Fi). New hybrid materials, like LCs, are avidly tested for this purpose. They enable the development of
many systems, which can take the shape of thin layers, LC cells, or microscopic droplets. Moreover, they may be modularly
incorporated into several different organic and inorganic materials, including functional devices and polymers, and
elastomers’™7®,

Studying the novel active hybrid systems enables lasing property optimization and aids in integrating them with previously well-
known devices to create applications, such as biological labels, fluorescent switches, and sensors &

LCs are excellent for usage in medical and biological applications because of their adaptability to structural, thermal, and optical
tuning and their capacity to assemble into 3D structures. They can combine with QDs to build systems that provide the benefits of
both types of materials, including flexibility, sensitivity, and high photostability.

Wide-broadband lasing devices with self-healing capabilities and quick responses to environmental changes can be made possible
by the use of these materials thanks to the electrical control of LC mesophases. The uncommon LC structures, such as Blue
Phases, which are renowned for their enhanced temporal responsiveness of LCD, are worth mentioning one again. Insight into the
specific kinds of LCs that may discriminate tunability and outstanding lasing emission qualities 77 will be crucial in the future.
These LCs may be made feasible by new, ultra-fast light modulators, high-resolution displays, or tunable photonic crystals 8.

DFB lasers are intriguing devices for the inclusion of fresh approaches and potential advancements due to their great sensing
capabilities, comparatively high light output power, and ease of production. Very likely because to this, new concepts continue to
be used in studies and for commercial purposes, such as in contemporary DFB-LC hybrid systems. The process is based on
photopolymerization or nanoimprinting UV technology, and it creates dependable sensors that can be made smaller and more
adjustable’. In the context of creating surface-emission junction lasers, sensing capabilities, the potential for precise layer
thickness control, as well as the capacity to emit three primary colours concurrently, are especially noteworthy (e.g., PSCLC and
VCSEL).). Among the potential applications for these constructs are laser printers, lidars, and 3D sensors. Several researchers
from diverse fields have looked at the random lasing phenomena. It has been demonstrated that this type of technology paves the
way for the creation of contemporary gadgets devoted to laser-based displaying, identification systems, biosensing, and lighting
applications (Li-Fi idea).

Nematic LC mesophase-achieved RL is characterized by simple tunability brought on by heat flow?®?, electric, or magnetic fields.
The RL emission that is produced is effective and simple to tune; in the case of LCs, this tuning is additionally made feasible by
externally applied fields (magnetic/electric), mechanical stress, or temperature. Additionally, the ultra-low RL threshold may be
attained by utilizing various LC materials, such as cholesteric mesophase. Lighting, imaging, fluorescence microscopy, the
development of cutting-edge laser displays, biological sensing, chemical monitoring, identification, and communication are some
of the opportunities for RL 8. By using LC in conjunction with QDs, a different lasing process that has been mentioned can be
accomplished. In this instance, it is possible to see the SPR phenomenon, which contributes to a large drop in the lasing threshold
82

It is noteworthy that the Perovskite materials utilized for lasers have extremely appealing 3D and other nanostructures (e.g.,
nanoplates, nanoparticles). It is important to note that in this situation, it is possible to produce extremely effective light
amplification along with a narrowing of the acquired spectrum that points to the one-mode RL phenomena 8384,

Future and the last ten years 2339 PDLC microlasers make up the following category of LC lasers and are a great topic for
discussion. Future applications in optoelectronic devices, as well as for biology and medicine, should be distinguished. The
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innovative independent tiny lasers, for instance, may be inserted into the cornea, skin, and entire blood, paving the way for long-
term diagnostics and sensor data collection. When LCs are utilized deliberately, droplets with certain sizes of resonators may
form.

Nowadays, it is feasible to design a gadget with a powerful beam and a tiny footprint (range of micrometers). Furthermore, at the
fabrication stage, it is simple to adjust the size, quantity, and dispersion of droplets. Also, a number of simple procedures
(homogenization in an ultrasonic water bath or the utilisation of a vortex) can be further researched. The disorganised nature of
PDLCs may provide the groundwork for achieving a low lasing threshold. Even in the same system, a change in droplet size may
make it possible to produce band-edge lasing .

A low-cost laser source may be produced for a variety of uses by simply switching between the acquired effects. Recalling the
WGM process, which is distinguished by a high Q factor, is important when discussing lasing from a droplet cavity. These lasers'
design and compact size are primarily intended for soft-matter-based bio- or chemosensors and miniature lasers .

In order to improve a truly wireless data transmission technique, a lot of work is now being done to find materials that work with
lasers (Li-Fi technology). Many white light sources are required for this purpose. As a result, LC mesophase-formed
microresonators make excellent candidates for systems that emit two and three hues, as well as white light. LC-based lasers have
a wide range of uses, including cutting-edge data delivery and illumination technologies (like Li-Fi), sensing and biosensing, and
display technologies. It is difficult to predict how much the lasers will need to be modified for future use—whether that means
they will need to be made smaller, more flexible, or even more complex.As LCDs, LCs were once widely used, as is known,
however LED and OLED have now supplanted this technology as being considerably more useful. The features of LCs, however,
should be kept in mind as they are still quite important and are yet not fully understood.

Fig.3 Future Prospective of Liquid Crystal
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CHALLENGES AND PROBLEMS :

Liquid crystals have been a major topic since the previous decade, and a lot of work has been done in understanding their
challenging process and alignments in a variety of applications, primarily in display displays. Yet, the largest problem now facing
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the liquid crystals business is that quite a few crucial alignment issues, particularly those related to liquid crystals molecular
interactions, are not fully understood. The proposed alignment technique is required to overcome the current constraints
impacting display quality and processing costs. Liquid crystals' unique difficulties include multi-domain alignment pattern
combinations, picture sticking, uneven display brightness, and non-uniform alignment over huge screens 8-

Another issue that is crucial in display applications is the response time of liquid crystals. Because to the non-adjustable pre-tilt
angle of liquid crystals with the substrate, which ultimately has an impact on cell dynamics, slow reaction time of liquid crystals
produces blur quality and unfavourable picture presentation. A appropriate orientated angle adjustment between liquid crystals
and substrate must be addressed in order to increase picture quality and presentation .

Moreover, the anchoring energy may be utilized to measure the liquid crystal's alignment strength. This energy is required to
deviate the director off the molecular axis at a given angle. To obtain uniform planer alignment, stability of the anchoring energy,
which is related to the pre-tilt angle, is another major challenge for the liquid crystal industry. To solve this issue, the rubbing
mechanism was introduced. However, this mechanism also has problems, such as static charge accumulation and dust-particle
generation on the crystal surface, which affect the fundamental device characteristics and operational mechanism. An important
factor in assessing the quality of a liquid crystal display is the phenomenon known as "picture sticking," which occurs when an
image is shown for an extended period of time. The current state of the liquid crystal issue is, in reality, the electric charge or
residual DC charge created on the liquid crystal surface during long-term image display, which results in the selective surface
adsorption of ionic impurities contained in the liquid crystal material or layers .

Additionally, liquid crystals have some other drawbacks related to the enormous amount of ionic impurities found in their aligned
layers and the presence of conjugated functional groups or lone pairs in their molecules as well as between their aligned layers,

which would ultimately disturb and disrupt the display application and thus affect the use of liquid crystals in device applications
89

CONCLUSION: :

Drug-loaded liquid crystals have emerged as a promising drug delivery system due to their unique structural characteristics and
advantages over traditional drug delivery methods. The ability to control drug release, improve bioavailability, and target delivery
to specific sites makes liquid crystal-based drug delivery an attractive option for drug formulation. Different types of liquid
crystal phases, such as lamellar, cubic, and hexagonal phases, have been investigated for drug delivery applications. The lamellar
phase, which is a continuous bilayer structure, has been extensively studied for its potential as a drug delivery vehicle due to its
high interfacial area and the ability to control drug release. Cubic phases, on the other hand, are characterized by the presence of
interpenetrating channels, and their high viscosity makes them suitable for sustained drug release. The hexagonal phase, which
has a two-dimensional periodic structure, has been explored for its potential in transdermal drug delivery. Several studies have
been conducted to investigate the behavior of drugs in liquid crystal phases, and successful drug-loaded liquid crystal
formulations have been reported for various drugs such as ibuprofen, diclofenac, and paclitaxel. However, there is still much
room for future research in this field. One potential avenue for research is the investigation of new types of liquid crystal phases
that could further improve drug delivery efficiency. Optimization of drug loading and release from liquid crystal formulations is
another area that requires further investigation to achieve optimal therapeutic efficacy. Moreover, exploring the potential of liquid
crystal-based drug delivery for different routes of administration, such as oral, injectable, and ocular routes, could expand the
application of liquid crystals in drug delivery. In summary, drug-loaded liquid crystals are a promising drug delivery system with
several advantages over traditional drug delivery methods. The unique structure of liquid crystals allows for controlled drug
release, improved bioavailability, and targeted delivery. Research in this field has yielded promising results, and future
investigations could further enhance the potential of liquid crystal-based drug delivery for clinical applications.
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