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Abstract

Liquid crystals (LC) have been drastically protracted
in recent years, due to the ferret out of novel nano-
physiochemical properties at surfaces. Physiochemi-
cal characteristics, such as weak intermolecular for-
ces manifested like odd-even effect, hydrogen bond-
ing, and electric double layers make them ideal for
variety of applications. Furthermore, the orientation
of LC exploits the conventional and novel detection
method for protein binding event on nanostructured
surfaces and protein crystallization on lipid monolay-
ers. These explorations include the detection of parts
per billion (ppb) chemical warfare agents on surfaces
as well as new mechanisms for driving the reorienta-
tion of liquid crystals. The scope of the present review
attempts the recent progress on using LC to amplify a
wide range of engineered surface chemistry progres-
sed from liquid-solid and liquid-aqueous interfaces.
The distinct features of LC role in imaging and bio-
sensing have been discussed. From these studies, it
is clear that the LC has the enormous potential as a
promising material for the biomedical applications.

Keywords: Liquid crystals, Nanostructured surfaces, Orien-
tation of LC, Detection, Biosensing

Introduction

LC isasubstance that exhibits a phase of matter that
has properties between those of a conventional liquid,
and those of a solid crystal. It has been discovered
about 100 years ago by plant physiologist Dr. Friedrich
Reinitzer (1857-1927) and physicist Dr. Otto Lehmann
(1855-1922) investigated some esters of cholesterol

(Cholesteryl benzoate)*?. LC has attracted growing
interests over in the last decade. Several thousands of
organic compounds are identified in the form of LC.
During 1960s to 1970s Liquid-crystal technologies
grew enormoudly, assurance for display technologies,
which largely act upon the basic and applied research®.
L Cs are elongated organic molecules that form inter-
mediate phases between crystalline solids(having long
range order) and liquids (having only short range or-
der). LC is polymorphic in structure, results from a
partial ‘breakdown’ in positional and orientational
order of the crystal lattice!. At particular temperature
L Cs change from the crystalline solid phase to an opa-
que liquid, which transforms at a defined higher tem-
perature to an optically clear liquid (Figure 1). The
range of temperature for the material exists asa LC
different from compound to compound. Some materi-
als have abroad L C range; while others exhibit a nar-
rower margint. LC has a greater intra and intermol ecu-
lar mobility than classical solids.

There are many different types of LC phases, which
can be distinguished based on their different optical
properties. The significance of LCs in understanding
both the liquid and the solid state are characterized by
unusual physical properties. LCs can be subdivided
into two classes: such as thermotropic and lyotropic
LCs. Most of thermotropic liquid crystals(TLCs) have
an isotropic phase at high temperature. TLCs exhibit
some intriguing optical properties and it is possible to
use these to characterize a liquid crystalline material
further. The vast majority of thermotropic liquid crys-
tals are composed of rod-like molecules.

L C has their own specific orientation which is cate-
gorized into two basic alignments such as homeotropic
and planar. The orientation of the organic molecules
dissolved in the LC has different regioselectivity and
chemoselectivity?. The unique optical, electrical and
mechanical properties influence the distinct orientation
of LC. Recently LCs have been used in nanotechnolo-
gies as templates for nanomaterial fabrication. Due to
its anisotropy®, LCs have many important technologi-
cal applications. In many applications of nanotechno-
logies, a uniform orientation of LC is desired, which
is achieved by applying an external force to change the
orientation of an already established liquid crystal
phase or by aligning the LC material on a nanoscale
patterned surface. The ordering of molecules within



182  Biochip Journal Vol. 3(3), 181-189, 2009

L Cs makes them attractive for a variety of sensing and
interfacial applications®’.

lonic liquid crystals are a class of liquid-crystalline
compounds that contain anions or cations. lonic liquid
crystals can be considered as materials that combine
the properties of LCs and ionic liquids. lonic liquids
can aso be used to immobilize transition metal cataly-
stsin the liquid phase of biphasic catalytic reactions®.
Other applications include their use as solvents for
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Figure 1. Schematic diagram illustrating the degree of order
of LC. Nematic liquid crystals have intermediate phase pro-
perty between liquid and solid.

extraction processes and as an electrolyte for batteries,
fuel cells, and dye-sensitized solar cells’.

The liquid-crystalline state is also widely encounter-
ed in biological systems. Luk et al. reported that the
LC materials containing a variety of functional groups
are non-toxic to live mammalian cells. In particular,
fluorinated liquid crystals exhibited minimal toxicity
toward 3T3 fibroblasts and corneal epithelial cells'.
Lockwood et al. has reported the use of TLC for cul-
ture of human embryonic stem cells (hESCs) at inter-
faces. The cells show levels of differentiation compa-
rable to that observed for cells on Matrigel-coated
glass controls. This enables direct imaging of the rear-
rangement of Matrigel by the hESCs through changes
in the appearance of the LC when observed using pol-
arized light microscopy™.

This review gives an overview of nanophysiochemi-
cal properties distinguished by surface and interfacial
phenomenon, and intends to feed the emerging resear-
chers in the field of LC technology. This also high-
lights the different class of orientations, molecular
recognition, protein interaction, and applications in the
sensor devel opment.

Liquid Crystal-Solid Interface
A unique way of controlling both the chemistry and

the topography of a surface is the use of self-assembl-
ed monolayers (SAMs) of alkanethiols on gold films
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Figure 2. Orientation of LC sensitive to nanometer-scale topography and surface functionality. LCs can transduce molecular
events at surfacesinto optical signals through reorientation of the bulk LC.



deposited at an oblique angle from the normal to the
sample substrate. While SAMs can provide surfaces
with different functiona groups and with more or less
invariant monolayer structure, obliquely deposited
gold films possess a subtle anisotropic topography on
the nanometer scale. The maximum anisotropy in the
topography evidently lies between the directions paral-
lel and perpendicular to the gold deposition as the obli-
gue deposition breaks the degeneracy in plane of the
surface. This anisotropic nanotopography possesses a
range of interesting characteristics that are subtle, but
has a strong impact on the orientation of LCs(Figure
2)12,13_

Odd-even Effects on the Anchoring of LC

When LCs are brought in contact with a SAM sup-
ported on obliquely deposited gold films, both the out-
of-plane and in-plane orientation of LC become very
sensitive to the molecular details of the SAM. For
example, on SAMs formed from methyl-terminated
alkanethiols, 5CB (4-cyano-4’-pentylbiphenyl) adopts
a uniform planar alignment with the aziumthal direc-
tion perpendicular to the direction of gold deposition
when there are odd number of carbons in the alkyl
chain of the alkanethiols, but paralel to the direction
of gold deposition when there are even number of car-
bons in the alkyl chain. The odd-even effects in the
LC orientation are triggered off by thermodynamic
(e.g., temperature, strain, and chemica potential) and
structural parameters(e.g., surface roughness and thick-
ness 13,14.

Luk et al. have studied the dependence of LC orien-
tation on the odd and even number of carbons in the
akanethiol’°. The structura odd-even effects stimulate
odd-even alterations of chemical, physical, and surface
and interfacial properties such as chemical reactivity,
electronic property, frictional behavior, and el ectroche-
mical properties. These characteristics were observed
on various organic (highly oriented pyrolyicgraphite
(HOPG), molybdenum disulfide (M0S,), metal subst-
rates including Au (111), Ag (111), Cu, Al), and inor-
ganic (Al,03 and SiO,/Si) self-assembled monolayer
on solid surfaces'®.

Researchers from the University of California report-
ed the discontinuous azimuthal anchoring transition
for nematic liquid crystals(NL Cs) with parallel anchor-
ing to the surfaces of SAM formed from alkanethiols
on gold. The azimuthal orientation of 5CB and MBBA
(N-(p-methoxybenzylidene)-p-butyl aniline) depends
upon the odd or even number of carbons of the aka
nethiols'4,

Skaife et al. have used nanostructured gold surfaces
for the determination of orientations of supported LCs;
these studies supported the influence of gold film on
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the orientation of LCs'®. For example, different orien-
tations were observed on SAMs formed from alkane-
thiols that contain even number of carbons(e.g., CH;
(CH,)11:SH) and odd number of carbons (e.g., CH3
(CHy)10SH)¥. Apart from this, the odd-even effects
exhibiting in the aggregated or solid state were studied
by sum frequency generation (SFG), low-frequency
Raman, solid-state C nuclear magnetic resonance
(NMR), or circular dichroism (CD) spectroscopy else-
where!’. The difference between the even and odd
alkyl chainsin the solid state is ascribed to the differ-
ence of the packing in crystal structure'®.

Important Role of Hydrogen Bonding on
Azimuthal Orientation of LC

Orientational behavior of LC is regulated by the
shape and size of their molecular constituents and non-
covalent intermolecular interactions'®. The impact of
hydrogen bonding on the generation or stabilization
of LC phases has recently been appreciated. Severd
classes of compounds have been synthesized based on
the intermolecular hydrogen bonds between similar
or dissimilar molecules. The effect of intermolecular
hydrogen bonding on the formation of LC phases was
first studied by Gray and Jones, focusing on the dimer-
ization of 4-alkoxylbenzoice acids and trans-4-alkoxy-
cinnamic acids®. Liquid crystalline heterodimer form-
ed by a pair of complementary hydrogen bond donor
and acceptor (4-butoxybenzoic acid and trans-4-)4-
ethoxybenzoyloxy)-4-stilbazol€) triggered an intense
and high activity in the fabrication of supramolecular
hydrogen-bonded LCs'. In addition to that the intra-
molecular interactions such as non-covalent interac-
tions hydrogen bonding, ionic bonding and dispersion
forces play avital role in the preparation of supramo-
lecular assemblies of LCZ.

Hydrogen bonding between the mesogens and acid
groups on the nanostructured surface influences the
azimuthal orientation of LC. The orientation can be
driven by short-ranged interaction between the 5CB
and COOH groups on the surfaces. Luk et al. have
investigated 10 different LC molecules oriented on
carboxylic acid or methyl-terminated SAMs supported
on obliquely deposited gold films. The mesogens com-
prising the L Cs each possess different hydrogen bond
acceptors, and the azimuthal orientations of LC were
found to be influenced by hydrogen bonding. From
that study they have revealed the dictating efficiency
of hydrogen bonding between LC and surfaces. Gen-
eraly LCs constitute different types of hydrogen bond
acceptor like fluoro, ether, ester, cyano, and imine
groups'®. Hydrogen bond strength increases with the
electronegativity of the atoms in the hydrogen bond
acceptor??. Some of the other factors vitalized for hyd-
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rogen bond strength include degree of hybridization,
charge density, steric effects, bonding geometry and
the process of chelation?®. Study of hydrogen bond
interaction within SAMs formed from the carboxylic
acid-terminated alkanethiols by using IR and absorp-
tion spectroscopy was underwent?4,

Electrostatic Interactions Driving
the Orientational Transition of LC

Electrostatic interactions (Electrical double layer)
are described by the reaction field model for the cou-
pling between the molecular charge distributions,
within a cavity identified with the volume occupied
by the molecules?™®. Numerous studies have reported
on eectrical double layersformed by the contact of the
surfaces with isotropic agueous and nonaqueous lig-
uids®®. Electrical double layer generated by the ioniza-
tion or the dissociation of salts that are immobilized
on the near surfaces are induced by the interaction
taken place at the interfaces’. Potential of the electrical
double layer determines the transition of the LC on
interacting surfaces”’. Some examples for the electro-
datic interactions deriving LC transition are described
asfollows.

Shah et al. observed changes of LC orientation from
planar to homeotropic, LCs of p-methoxybenzylidene-
p-n-butylaniline (MBBA) or mixtures of MBBA and
p-ethoxybenzylidene-p-n-butylaniline (EBBA) on
chromium or indium/tin oxide surface, due to the
possess of negative dielectric anisotropy’. The orienta-
tional transitions of LC are regulated by some impor-
tant parameters such as, density of the surface, liquid
crystal layer thickness, Debye length, and dielectric
anisotropy?’. The homeotropic orientation of LC on
the SAM of HOOC(CH,)10SH was triggered by the
electrical double layer formed during the dissociation
of sodium ions. In other study chlorodimethyloctade-
cyl-silane induced homeotropic transition of NLC was
reported. Here the weak polar surface energy plays an
important role for the homeotropic alignments of LCZ,

Recently Lena et al. have reported a theoretical
approach for the statistical mechanics of ferroelectric
nanoparticles in LC, which predicted the enhance-
ments of L C propertiesin good agreement with experi-
ments®. Previous experiments have shown that low
concentration of ferroelectric nanoparticles can greatly
enhance the physical properties of NLCs. They are
important for technological applications, because they
provide a new opportunity to frame the potentia utili-
ty of LCswithout additional chemical process.

Sensing of Chemical Exposure on
Environment by LC
It has been demonstrated recently that micrometer-

thick films of the both nematic 5CB and smectic 8CB
supported on nanostructured surfaces decorated with
metal ions can be used to detect organophosphonates
(OPs) at parts-per-billion (ppb) levels in gas phases.
The approach is based on four principles: (1) meso-
gens at interfaces can communicate their orientations
deep into the bulk of aliquid crystal (up to ~100 um
from the surface), which permits amplification of che-
mical signals generated when analytes bind to func-
tionalized surfaces, (2) because mesogens possess li-
quid-like mohilities, information about the binding of
the analytes can propagated rapidly through films of
LCs, (3) the birefringence of a LC provides a means of
transducing a binding event on a surface into an opti-
cal signa that can be easily visualized by the naked
eye, and (4) because the orientation of LC near a sur-
face reflects the molecular structure of the surface, it
is possible to design surfaces such that orientational
transitions of LCs can be triggered by the binding of
small molecules (e.g., OPs) to surfaces”®. Abbott et
al. have demonstrated the use of the 5CB and 8CB
supported on copper (1) perchlorate salts to detected
low concentration of dimethylmethylphosphonate
(DMMP)’.

Liquid Crystal-Aqueous Interface

Previous studies with solid-liquid crystal interfaces
has made a number of fundamental discoveries regard-
ing the means by which L Cs are anchored on surface-
modified materials, and further demonstrated that LCs
can be used to amplify biomolecular interactions occur-
ring on the surfaces of solids that present covalently
immobilized receptors. However, the lateral mobility
of species within biological membranes is essential
for many types of biological function, such as associa
tion of proteinsinvolved in signal transduction across
membranes®!, complexation of enzymes®, and sub-
strates within biological membranes®. To address this
issue, an experimental system that permits the use of
LCs to amplify binding events occurring at fluid inter-
faces was developed. The simplest approach, uncon-
fined films of liquid crystal on water surfaces, proved
to be useful in the presence of surfactant moleculesin
solution (Figure 3). This experimental setup has been
used to study surfactant adsorption phenomena, the
formation of biomimetic lipid interfaces, and biomole-
cular interactions occurring at these interfaces.

Influence of Surfactants on Aqueous-LC
Interfaces

Studies of the adsorption of surfactants at interfaces
has progressed on various fronts over the past decades,
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Figure 3. Schematic of the experimental set-up used to investigate aqueous-L C interfaces.
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enabled in part by development of new instrumentation
that permits the characterization of surfactant-decorat-
ed interfaces. LC may take homeotropic anchoring or
planar anchoring depending upon the structure of inter-
face®. In aqueous-L C interface the adsorption of sur-
factant trigger the orientational transition of LC®,
Through systematic studies of the structure of surfac-
tant head group and tail structure, researchers have
discovered much about the nature of the orientations
induced in LCs by surfactants.

Bolaform surfactants possess two hydrophilic moi-
eties connected by a hydrophobic hydrocarbon chain,
and typically take on looped conformations when ad-
sorbed at air-water interfaces®. In a demonstration of
the influence of the orientation of the surfactant chain
on the anchoring of LCs at the aqueous-L C interface,
bolaform surfactants with dibromo and hydroxyl/tri-
methylammonium bromide head groups were observed
to cause planar anchoring of the LC. Thisis presuma-
bly the result of a looped surfactant conformation at
the agueous-LC interface. A system of mixed bolaform
and linear surfactants led to a means of visualizing
competitive adsorption to the agueous-LC interface.
Active control of adsorption was achieved by mixing
FTMA (11-(undecylferrocenyl)trimethylammonium
bromide), a bolaform redox-active surfactant, and
CTAB (cetyltrimethylammonium bromide), a classical
cationic surfactant®”. Both reduced and oxidized FTMA
led to planar anchoring of the LC at al concentrations
used in the study, while CTAB caused homeotropic
anchoring at concentrations of 5uM. The anchoring

caused by mixtures of FTMA and CTAB was depen-
dent on the oxidation state of the FTMA. CTAB mixed
with reduced FTMA produced planar anchoring, whe-
reas the same concentrations of CTAB mixed with
oxidized FTMA led to homeotropic anchoring of the
LC. These results are consistent with adsorption pro-
perties of the two surfactants: reduced FTMA more
strongly adsorbs to the LC interface than CTAB but
oxidized FTMA adsorbs more weakly than CTAB. The
anchoring was observed to be reversible by alternating
between reduced and oxidized states of FTMA®. The
transitions between homeotropic and planar anchoring
were followed with time and quantified via birefring-
ence interference colors, leading to a means of assess-
ing kinetics of competitive adsorption in the aqueous-
L C system. The observed birefringence colors are the
result of variation in tilt angle of the LC and have been
used to characterize the tilt present at the aqueous-LC
interface in the presence of adsorbed surfactant.

The studies on the effect of head group and tail struc-
ture show that interactions of the tails of the adsorbed
surfactants and the LC largely dictate the orientations
of the LC. Thisinteraction is facilitated through adsor-
ption of surfactants to the agueous-L C interface from
the bulk solution. Support for this mechanism is found
in the many parallels between the results of previous
work with surfactants at the agueous-L C interface and
studies of the adsorption behavior of surfactants to air-
water or oil-water interfaces. For example, the classi-
cal anionic surfactant sodium dodecylsulfate (SDS)
shows concentration-dependent anchoring of the LC,
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from planar at concentrations below 0.1 mM to homeo-
tropic at concentrations greater than 1 mM. Further,
the addition of electrolyte to SDS solutions leads to
homeotropic anchoring even at concentrations of 0.1
mM. This is presumably due to increased adsorption
of SDSto theinterface facilitated by screening of ele-
ctrostatic repulsions by the electrolyte. Others have
also demongtrated the ability of tail-LC interactions to
direct LC orientations®. Barmentlo & Vrehen demon-
strated anchoring transitions in mixed Langmuir mono-
layers of 8CB and pentadecanoic acid (PDA) on water.
Compression of these monolayers resulted in a decr-
ease of the tilt angle of 8CB (measured from the nor-
mal) and the formation of multilayers of 8CB, as pro-
bed by second-harmonic generation and surface pres-
sure measurements. The change in tilt angle of the
8CB was attributed to interactions between 8CB and
the tails of PDA%,

Lipid Monolayer Assembled at
the Aqueous-LC Interface

In an effort to create a more stable interface amena-
ble to the study of biological interactions, films of
phospholipid were formed at the agueous-L C interface.
Spontaneous formation of phospholipid monolayer at
interface between NLC and agueous phases gives rise
to patterned orientations of the LC that reflect the dif-
ferent organization of the lipid monolayer®.

Brake et al. have demonstrated the self-assembly of
phospholipids (L-o-phosphatidylcholine-3-ol eoyl-y-
palmitoyl (L-POPC), dipamitoyl phosphatidyl choline
(DPPC), and L-o-dilauroyl phosphatidyl choline (L-
DLPC)) at agueous-LC interfaces. Lipid films were
produced by exposing a LC-filled grid to a solution
of small unilamellar vesicles(~36 nm diameter) of L-
a-dilauroyl phosphatidylcholine(DLPC)®. Vesicles of
this size are known to deposit at hydrophobic interface
and the adsorption behavior was visible in the L C text-
ure. Theinitialy bright optical appearance of the LC
(indicative of planar anchoring) developed black do-
mains-corresponding to homeotropic anchoring of the
L C-that nucleated and grew over time.

An alternate method of delivering lipid to the inter-
face isto mix the appropriate lipid with a micelle-form-
ing surfactant before contacting the LC. This method
provided the same end result after exchange of the
bulk solution for lipid- and surfactant-free buffer but
followed a different path: the transition from planar to
homeotropic did not show domain formation in the
mixed micelle system but a smooth, continuous transi-
tion. Fluorescence microscopy showed that varying the
ratio of surfactant to lipid produced lipid layers ranging
from a full monolayer (ratio of 30: 1) to only 70% of
afull monolayer (ratio of 300: 1)%.

Biomolecular Interactions at the Lipid-laden
Aqueous-LC Interface

Lipid-laden interfaces between LCs and aqueous
solutions provide an environment within which the
interactions of proteins and lipids can be amplified
into orientational transitions in the LCs. The orienta-
tional response of the LC can report time-resolved
changes in the spatial organization of the lipid layer
induced by protein binding activity.

Both weak and strong specific protein binding events
were reported at the lipid-laden aqueous-LC inter-
faces, represented by the binding of phospholipase A2
(PLA2) to D-DPPC (Kd~10"4—10"3M) and Neutr
Avidin to biotinylated DPPE (Kd~10-14 M). While
densely-packed monolayers of lipid at the aqueous-LC
interface showed no response to non-specific protein
binding, lipid layers at low areal density reported the
organization of non-specific protein adsorption®. Cyto-
chrome ¢, BSA, mouse 1gG1, and goat 1gG caused
changes from homeotropic to near planar anchoring
of LCs when introduced to interfaces laden with L-
DLPC at sub-monolayer coverage.

The PLA2 system was used with L-phospholipids
to demonstrate the ability of LCs to report enzyme
activity at the agueous-LC interface. PLA2 binds but
does not cleave D-lipids, whereas PLA2 catalyzes the
hydrolysis of afatty acid tail from L-lipids. Both speci-
fic binding and enzymatic activity (hydrolysis) of L-
DLPC and L-DPPC were observed as changesin LC
appearance from dark to bright (homeotropic to pla-
nar)*42. Fluorescently labeled lipids and proteins
revealed that protein binding, phase separation of lipid
and hydrolysis products, and desorption of hydrolysis
products all led to orientational transitionsin the LC3.

Frontier of Liquid Crystals

Although LCs have been used in a wide range of
electro-optical devices, such as flat-panel displays, the
use LCsto amplify biomolecular interactions into opti-
cal signals has not been investigated until recently. The
surface-driven orientational behavior of LCs with the
advancement in the fabrication of surfaces with speci-
fic chemical functionality and nanometer-scale topo-
graphy enables a fundamentally new type of assay
system to investigate a variety of bio/chemical events
on surfaces. For instance, chemical transformations
of surfaces, receptor-mediated binding of proteins to
surfaces, and regulatory protein pathways can be ana-
lyzed by using LCs.

Printing of Oriented Proteins on Surfaces
Affinity microcontact printing (aCP) can be com-
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Figure 4. Experimental procedure for the imaging of affinity
microcontact printed proteins using liquid crystals.

bined with LC analysis to visualize the printed pro-
teins. aCP of proteinsis new types of soft-lithographic
technique that exploits functionalized elastomeric sta-
mps with a receptor to capture a targeted anayte from
amixture of protein solution and then transfer the ana-
lyte onto solid substrates as printed patterns®.

Figure 4 describes the schematic path for the study
revolves around a model system in elastomeric stamps
formed from superior bio-compatibility PDMS* which
were covaently functionalized with biotinylated bovi-
ne serum albumin. The inked stamp was then contacted
with a gold substrate that had been decorated with an
amine-terminated SAM. After stamping the protein
onto the gold substrate, the immobilized protein was
imaged by placement of a micrometer-thick film LC
on the surface®. Jang et al. have used this method to
test cancer cells, detection of epidermal growth factor
receptors from crude cell membrane extracts®. This
result demonstrates that L C-a.CP approach can be used
to explore various receptor-mediated binding events
of proteinsto surfaces.

LC-based Biosensor for Molecular
Diagnostics
As evidenced by the current discussion, LC sensor
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technology has numerous potentially important appli-
cations on the field of medical diagnostics and public
health. For example, Tercero Espinoza et al. character-
ized the alignment properties of 5CB on vesicular
stomatitis virus bound to cationic surfaces. Using this
result, Jang and colleagues demonstrated that the exter-
nal structure of viruses could be identified and differ-
entiated based on induced orientational response of
LC*. The application of LC sensors as rapid diagnos-
tic methods may be especially promising in the area
of biodefense and globally emerging infectious dis-
eases as well 80, Key factors of birefringent and sur-
face sensitive properties of LC towards the analyte
molecules are poised to play an important role in mole-
cular diagnostics. LC molecules have the capability to
transduce the optical appearance of signals from the
biological process or structure. Unique electrical and
optical properties of LC have a delicate response to the
molecules of certain surface interactions, providing
LCs as a biosensor for a wide range of biological ap-
plications. The study of LCs as biological sensors,
with their potential as a sensitive, low cost, point-of-
care diagnostic platform, will provide promise as a
prospective future technol ogy.

Concluding Remarks

Here we have reviewed the orientation of LCs in
response to the effect of surface chemistry includes
solid-LC and aqueous-L C interfaces. The various ap-
plications of these chemical phenomenain LC interac-
tions have been reviewed. The primary factor influ-
encing ordering of the LC in the presence of chemi-
cals, surfactants, or phospholipids appears to be the
structure and organization of the surface molecules.
The use of biologically relevant LC will surely over-
come the existing crisis through simplification of com-
plex diagnostic procedures and sensitive process. The
emergence of LC-based bionanotechnology will result
in notable broad range of interdisciplinary research not
limited to molecular biology, biochip, sensors, drug
discovery, and nanophotonics. Although those studies
are dtill at infancy level, in the near future, more detail-
ed research will unravel the underlying innovations
behind the L C science and technol ogy.
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