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LIQUID CRYSTAL 

Schlieren texture of liquid crystal nematic phase 

Schlieren tezture on an LCD screen of a PlayStation Portable viewed through a 

gircular polarizer 

Liquid crystals (LCa) are a state of matter that has properties between those of 

a conventional liguid and those of a solid crystal. For instance, an LC may 

flow ike a liquid, but its molecules may be oriented in a crystal-like way. There 

are many different types of LC phases, which can be distinguished by their 

different optical properties (such as birefringence). When viewed under a 

microscope using a polarized light source, different liquid crystal phases will 

appear to hawe distinct teztures. The contrasting areas in the tertures 

correspond to domains where the LC molecules are oriented in different 

directions. Within a domain, however, the molecules are well ordered. LC 

materials may not always be in an LC phase (just as water may turn into ice or 

steam). 

Liguid crystals can be divided into thermotropic, luotropic and metallotropic 

phases. Thermotropic and lyotropic LCs consist of organic molecules. 

Thermotropie LCs eæhibit a phase transition into the LC phase as temperature 

is changed. Lyotropic LCs eahibit phase transitions as a function of both 

temperature and concentration of the LC molecules in a solvent (tupically 

water). Metallotropic LCs are composed of both organie and inorganie 

molecules; their LC transition depends not only on temperature and 

concentration, but also om the inorganic-organic composition ratio. 



Examples of liquid erystals can be found both in the natural world and in 

technological applications. Most modern electronic displays are liquid crystal 

based. Lyotropic iquid-crystalline phases are abundant in living systems. For 

erample, many proteins and cell membranes are LCs. Other well-knoun LC 

examples are solutions of soap and various related detergents, as uvell as tobacco 

mosaic virus. 

HISTORY 

In 1888, Austrian botanical physiologist Friedrich Reinitzer, working at the 

Charles University in Prague, erarnined the physico-chemical properties of 

various derivatives of cholesterol, which are now known as cholesteric iquid 

crystals. Previously, other researchers had observed distinct color effects when 

cooling cholesterol derivatives just above the freezing point, but had not 

associated it with a new phenomenon. Reinitzer perceived that color changes in 

a derivative cholesteryl benzoate were not the most peculiar feature. He found 

that cholesteryl benzoate does not melt in the same manner as other compounds, 

but has two melting points. At 145.5 °C (293.9 °F) it melts into a cloudy liquid, 

and at 178.5 °C (353.3 °F) it melts again and the cloudy liquid becomes clear. 

The phenomenon is reversible. Seeking help from a physicist, on March 14, 

1888, he wrote to Otto Lehmann, at that time a Privatdozent in Aachen. They 

enchanged letters and samples. Lehmann eramined the intermediate cloudy fluid, 

and reported seeing crystallites. Reinitzer's Viennese colleague von 2Zepharovich 

also indicated that the intermediate "fhuid" was crystalline. The ezcharnge of 

letters uwith Lehmann ended on April 24, with many questions unanswered. 

Reinitzer presented his results, with credits to Lehmann and von Zepharovich, 

at a meeting of the Vienna Chemical Society on May 3, 1888.2 

By that time, Reinitzer had discovered and des cribed three important features of 

cholesteric liquid crystals (the name coined by Georges Friedel in 1922): the 

existence of two melting points, the reflection of circularhy_polarized light, and 

the ability to rotate the polarization direction of light. 

After his accidental discovery, Reinitzer did not pursue studying liquid crystals 

further. The research was continued by Lehmann, who realized that he had 

encountered a new phenomenon and was in a position to investigate it: In his 

postdoctoral years he had acquired eapertise in crystallography and microscopy. 



Lehmann started a systematic study, first of cholesteryl benzoate, and then of 

related compounds which eæhibited the double-melting phenomenon. He was able 

to make observations in polarized light, and his microscope was equipped uwith a 

hot stage (sample holder equipped with a heater) enabling high temperature 

observations. The intermediate cloudy phase clearly sustained flow, but other 

features, particularly the signature under a microscope, convinced Lehmann that 

he was dealing with a solid. By the end of August 1889 he had published his 

results in the Zeitschrift für Physikalische Chemie. 

Lehmann's work was continued and significantly eæpanded by the German 

chemist Daniel Vorländer, who from the beginning of 20th century until his 

retirement in 1935, had synthesized most of the liquid crystals kroun. However, 

lquid crystals were not popular among seientists and the material remained a 

pure scientific curiosity for about 80 years. 4 

Chemical structure of N-(4-Methozybenzylidene)-4-butylaniline (MBBA) 
molecule 

In 1969, Hans Kelker succeeded in synthesizing a substance that had a nematic 
phase at room temperature, MBBA, which is one of the most popular subjects 
of liquid crystal research ,The nert step to commercialization of liquid crystal 
displays was the synthesis of further chemically stable substances 
(cyanobiphenyls) with low melting temperatures by Georqe Gray°. 
In 1991, when liquid crystal displays were already well established, Pierre-Gilles 
de Gennes received the Nobel Prize in physics "for discovering that methods 
developed for studying order phenomena in simple 8ystems can be generalized to 
more compleæ foTms of matter, in particular to liquid crystals and polymers". 

Liquid crystal phases 



The various LG phases (called mesophases) can be characterized by the type of 

ordering. One can distinguish positional order (whether molecules are arranged 

in any sort of ordered lattice) and orientational order (whether molecules are 

mostly pointing in the same direction), and moreover order can be either short 

range (only between molecules close to each other) or long-range (ectending to 

larger, sometimes macroscopic, dimensions). Most thermotropic LCs will have 

an isotropic phase at high temperature. That is that heating will eventually drive 

them into a conventional liquid phase characterized by random and isotropie 

molecular ordering (ittle to no long-range order), and fluid-ike flow behavior. 

Under other conditions (for instance, lower temperature), an LC might inhabit 

one or more phases with sigmificant anisotropie orientational structure and 

short-range orientational order while still having an ability to flou 

The ordering of liquid crystalline phases is extensive on the molecular scale. 

This order extends up to the entire domain size, which may be on the order of 

micrometers, but usually does not eatend to the macroscopie scale as often 

occurs in classical crustalline solids. However some techniques, such as the use 

of boundaries or an applied electrie field, can be used to enforce a single 

ordered domain in a macroscopic liquid erystal sample. The ordering in a liquid 

erystal might extend along only one dimension, with the material being 

essentially disordered in the other two directions 10. 

edit Thermotropic liquid crystals 

See also: Thermotropie crystal 

Thermotropic phases are those that oceur in a certain temperature range. If the 

temperature rise is too high, thermal motion will destroy the delicate cooperative 

ordering of the LC phase, pushing the material into a conventional isotropic 

liquid phase. At too low temperature, most LC materials will foTm 

conventional (though anisotropic) crystal , Many thermotropic LCs echibit a 

variety of phases as temperature is changed. For instance, a particular type of 

LC molecule (called mesoqen) may eæhibit various smectic and nematic (and 

An ecample of a finally isotropic) phases as temperature is increased. 

compound displaying thermotropic LC behavior is para-azonyanisole , 



Nematie phase 

Schematic of alignment in a nematic phase. 

Phase transition between a nematic (left) and smectic A (right) phases observed 

between crossed polarizers. Black color coresponds to isotropic medium 

One of the most common LC phases is the nematic, where the molecules have 

no positional order, but they have long-range orientational order. Thus, the 

molecules flow and their center of mass positions are randomly distributed as in 

a liquid, but they all point in the same direction (within each domain). Most 

nematics are uniazial: they have one aris that is longer and preferred, with the 

other tuwo being equivalent (can be approæimated as cylinders). Some liquid1 

crystals are biazial nematics, meaning that in addition to orienting their long 

awis, they also orient along a secondary axis , 

The word nematic comes from the Greek vnua (nema), which means "thread". 

This term originates from the thread-like topological defects observed in 

nematic8, which are formally called 'disclinations'. Nematics also echibit so-

called hedgehog topological defects. 



Nematics have fluidity similar to that of ordinary (isotropic) liquids but they 

can be easily aligned by an external magnetic or electric field. An aligmed 

nematic has the optical properties of a uniarial crystal and this makes them 

eatremely useful in liquid crystol displays (LCD) , 

ledit/ Smectic phases 

Schematic of alignment in the smectic phases. The smectic A phase (left) has 

molecules organized into layers. In the smectic C phase (right), the molecules 

are tilted inside the layers. 

The smectic phases, which are found at lower temperatures than the nematic, 

form well-defined layers that can slide over one another in a manner similar to 

that of soap. The smectics are thus positionally ordered along one direction. In 

the Smectic A phase, the molecules are oriented along the layer normal, while in 

the Smectic C phase they are tilted away from the layer normal. These phases 

are liquid-like within the layers. There are many different smectic phases, all 

characterized by different types and degrees of positional and orientational 

order lBl 

edit Chiral phases 



Schematic of ordering in chiral liquid crystal phases. The chiral nematic phase 
(left), also called the cholesteric phase, and the smectie C* phase (right). 

The chiral nematic phase eæhibits chirality (handedness). This phase is often 

called the cholesteric phase because it was first observed for cholesterol 

derivatives. Only chiral molecules (i.e., those that lack inversion symmetry) can 

give rise to such a phase. This phase erhibits a twisting of the molecules 

perpendicular to the director, with the molecular aris parallel to the director. 

The finite twist angle between adjacent molecules is due to their asymmetric 

packing, which results in longer-range chiral order. In the smectic C* phase (an 

asterisk denotes a chiral phase), the molecules have positional ordering in a 

layered structure (as in the other smectic phases), with the molecules tilted by a 

finite angle with respect to the layer normal. The chirality induces a finite 

azimuthal twist from one layer to the nert, producing a spiral twisting of the 

molecular aris along the layer normal 3101 

p/2 

Chiral nematic phase; p refers to the chiral pitch (see teæt) 

The chiral pitch, p, refers to the distance over which the LC molecules undergo 

a full 360° twist (but note that the structure of the chiral nematic phase repeats 

itself every half-pitch, since in this phase directors at 0 and t180° are 

equivalent). The pitch, p, typically changes when the temperature is altered or 

when other molecules are added to the LC host (an achiral LC host material will 

form a chiral phase if doped with a chiral material), allowing the pitch of a 

given material to be tuned accordingly. In some liquid erystal systems, the piteh 

is of the same order as the wavelength of visible light. This causes these systems 

to exhibit unique optical properties, such as Bragg reflection and low-threshold 

laser emission, and these properties are erploited in a number of optical 



applications lolio) Fos For the case of Bragg reflection only the lowest-order 

reflection is allowed if the light is incident along the helical aris, whereas for 

oblique incidence higher-order reflections become permitted. Cholesteric iquid 

crystals also echibit the unique property that they reflect circularly polarized 

light when it is incident along the helical axis and elliptically polarized if it 

comes in obliquely.7 

edit Blue Phases 

Blue phases are special types of hguid crystal phases that appear in the 

temperature range between a chiral nematic phase and an isotropic liguid phase. 

Blue phases have a regular thre-dimensional cubic straucture of defects with 

lattice periods of several hundred nanometers, and thus they echibit selective 

Bragg reflections in the wavelength range of light (visible part of electromagnetic 
radiation) corresponding to the cubic lattiee. Although blue phases are of 

interest for fast light modulators or tunable photonie crystals, the very narTow 

temperature range within uhich blue phases eaist, usually ess than a few kelbin, 

has avays been a problem. Recently the stabiization of blue phases over a 

temperature range of more than 60 K inchuding room temperature (260-326 K) 

could be demonstrated.181 

Furthermore, electro-optical suitching writh response times of the order of 10' s 

for the stabilized blue phases at room temperature has been shown. 

In May 2008, it was announced that the first Bhue Phase Mode LCD panel had 

been developed . 

edit Discotic phases 

Disk-shaped LC molecules can orient themselwes in a layer-like fashion known as 

the discotic nematie phase. If the disks pack into stacks, the phase is called a 

discotic columnar. The columns themselves may be organized into rectangular or 

heragonal arrays. Chiral discotic phases, similar to the chiral nematic phase, 

are also known. 

edit) Lyotropic liquid crystals 

See also: Luotropic liguid crystal and Columnar phase 
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Structure of lyotropic liquid crystal. The red heads of surfactant molecules are 

in contact with water, whereas the tails are immersed in oil (blue): bilayer (left) 

and micelle (right) 

A lyotropic liquid crystal consists of two or more components that ezhibit liquid-

crystalline properties in certain concentration ramges. In the lyotropie phases, 

solvent molecules fill the space around the compounds to provide fluidity to the 

system. 1n contrast to thermotropic liquid crystals, these lyotropics have another 

degree of freedom of concentration that enables them to induce a variety of 

different phases. 

A compound, which has two inmiscible hydrophilic and hydrophobic parts within 

the same molecule, is called an amphiphilie molecule. Many amphiphilic 

molecules show lyotropie liquid-crystalline phase sequences depending on the 

volume balances betuween the hydrophilic part and hydrophobic part. These 

structures are formed through the micro-phase segregation of two incompatible 

components on a nanometer scale. Soap is an everyday erample of a yotropic 

liquid crystal. 

The content of water or other solvent molecules changes the self-assembled 
structures. At very low amphiphile concentration, the molecules will be dispersed 
randomly without any ordering. At sightly higher (but still low) concentration, 
amphiphilic molecules will spontaneously assemble into micelles or vesicles. This 

is done so as to 'hide' the hydrophobic tail of the amphiphile inside the micelle 
core, exposing a hydrophilie (water-souble) surface to aqueous solution. These 
spherical objects do not order themselves in solution, however. At higher 
concentration, the assemblies will become ordered. A typical phase is a 

heæagonal columnar phase, where the amphiphiles form long cylinders (again 
with a hydrophilic surface) that arrange themselves into a roughly hecagonal 

lattice. This is called the middle soap phase. At still higher concentration, a 
lamellar phase (neat soap phase) may form, wherein eztended sheets of 



amphiphiles are separated by thin layers of water. For 80me 8ystems, a cubic 

(also called viscous isotropic) phase may erist between the heragonal and 

lamellar phases, wherein spheres are formed that create a dense cubic lattice. 

These spheres may also be connected to one another, forming a bicontinuous 

cubic phase. 

The objects created by amphiphiles are usually spherical (as in the case of 

micelles), but may also be disc-like (bicelles), rod-like, or biarial (all three 

micelle ares are distinct). These anisotropic self-assembled nano-structures can 

then order themselves in much the same way as liquid crystals do, forming 

large-scale versions of all the thermotropic phase8 (such as a nematic phase of 

rod-shaped micelles). 

For somne systems, at high concentrations, inverse phases are observed. That is, 

one may generate an inverse heragonal columnar phase (columns of water 

encapsulated by amphiphiles) or an inverse micellar phase (a bulk liquid crystal 

sample with spherical water cavities). 

A generic progression of phases8, going from low to high amphiphile 

concentration, is: 

Discontinuous cubic phase (micellar cubic phase) 

Hezagonal phase (heragonal columnar phase) (middle phase) 

Lamellar phase 
.Bicontinuous cubic phase 

Reverse hexagonal columnar phase 

Inverse cubic phase (Inverse micellar phase) 

Even within the 8ame phases, their self-assembled structures are tunable by the 

concentration: for example, in lamellar phases, the layer distances increase with 

the solvent volume. Since lyotropic liquid crystals rely on a subtle balance of 

intermolecular interactions, it is more difficult to analyze their structures and 

properties than those of thermotropic liquid crystals. 

Smilar phases and characteristics can be observed in immiscible diblock 

copolymers. 



Metallotropic liquid crystals 

Liquid crystal phases can also be based on low-melting inorganic phases like 

ZnCl, that have a structure formed of linked tetrahedra and easily form glasses. 

The addition of long chaán soap-like molecules leads to a series of nev phases 

that show a variety of liquid crystalline behavior both as a function of the 

7organic-organic composition ratio and of temperature. This class of materials 

has been named metallotropic 

edit Biological liquid crystals 

Lyotropic liquid-crystaline phases are abundant in kiving systems, the study of 

which is referred to as polymorphism. A ccordingly, lyotropic liquid erystals 

attract particular attention in the field of biomimetic chemistry. In particular, 

biological membranes and cell membranes are a form of liquid crystal. Their 

constituent molecules (e.g., phospholipids) are perpendicular to the membrane 

surface, yet the membrane is flerible. These lipids vary in shape (see page on 

lipid polmorphism). The constituent molecules can inter-mingle easily, but tend 

not to leave the membrane due to the high energy requirement of this process. 
Lipid molecules can flip from one side of the membrane to the other, this 

process being catalyzed by flippases and floppases (depending on the direction of 
movement). These liquid crystal membrane phases can also host important 
proteins such as receptors freely "floating" inside, or partly outside, the 

membrane, e.g. CCT. 

Many other biological structures echibit LC behavior. For instance, the 

concentrated protein solution that is extruded by a spider to generate silk is, in 
fact, a liquid crystal phase. The precise ordering of molecules in silk is critical 
to its renowned strength. DNA and many polypeptides can also form LC phases 
and this too forms an important part of current academic research. 

edit Pattern formation in liquid crystals 

See also: Pattern formation 

Anisotropy of liquid crystals is a property not observed in other fuids. This 
aisotropy makes flows of liquid crystals behave more differentially than those of 
Ordinary fluids. For example, injection of a fua of a liquid crystal between two 



close parallel plates (viscous fingering), causes orientation of the molecules to 

couple with the flou, with the resulting emergence of dendritic patterns., This 

anisotropy is also manifested in the interfacial energy (surface tension) between 

different liquid crystal phases. This anisotropy determines the equilibrium shape 

at the coeristence temperature, and is so strong that usually facets appear. 

When temperature is changed one of the phases grows, forming different 

morphologies depending on the temperature change. Since growth is controlled 

by heat diffusion, anisotropy in thermal conductivity favors growth in specific 

directions, which has also an effect on the final shape. 

edit] Theoretical treatment of iquid crystals 

Microscopic theoretical treatment of fhuid phases can become quite complicated, 

owing to the high material densityj, meaning that strong interactions, hard-core 

repulsions, and many-body correlations cannot be ignored. In the case of liquid 

crystals, anisotropy in al of these interactions further complicates analysis. 
There are a number of fairly simple theories, however, that can at least predict 
the general behavior of the phase transitions in liquid crystal systems. 

ledit Director 

As we already saw above, the nematic liquid crystals are composed of rod-ike 
molecules with the long ares of neighboring molecules aligned approzimately to 
one another. To allow this anisotropic structure, a dimensionless unit vector n 
called the director, is introduced to represent the direction of preferred orientation of molecules in the neighborhood of any point. Because there is no 

physical polarity along the director aris, n and -n are fully equivalent 

edit Order parameter 



ro local nematic director, which is also the local optical aris, is given by 
spata. otial and temporal average of the long molecular are8 

The description oj lhquid crystals involwes an analysis of order. A tensOr OTder 

param 
rameter is used to describe the orientational order of a liquid crystal, althougn 

a SCalar order parameter is usually sufficient to describe nematic liquid crystals. 

To make this quantitative, an orientational order parameter is uually defined 

based on the average of the second Legendre polynomial: 

S= (Pa(cos 4)) = (3 cos0-1 
2 

uhere 0 is the angle between the LC molecular azis and the local director (which 

is the 'preferred direction' in a volume element of a liquid erystal sample, also 

representing its local optical azis). The brackets denote both a temporal and 

spatial average. This definition is convenient, since for a completely randomn 

and isotropic sample, S=0, whereas for a perfectly aligned sample S=1. For a 

ypical liguid crystal sample, S is on the order of 0.3 to 0.8, and generally 

decreases as the temperature is raised. In particular, a sharp drop of the order 

parameter to 0 is observed when the system undergoes a phase transition fromn 

n LC phase into the isotropic phase , The order parameter can be measured 

perimentally in a number of ways. For instance, diamagnetism, birefringence, 

an scattering, NMR and EPR can also be used to determine S 
Ra 

Order of a iquid crystal could also be characterized by using other even 

9endre polynomials (all the odd polynomials average to zero since the director 

Leg 
can point in either of two antiparallel derection8). These higher-order averages 



are more 

lar ordering 

difficult to measure, but can yield Can yield additional information about 
moleca 

al order parameter is als0 used to describe the 

A positional ord. 

is characterized by the variation of the density of the center of ma85 

the ordering of a liquid 
orystal. 

1t is che 

uid crystal molecules along a given vector. In the case oJP 
al 

of the 

along the z-acis the density p(z) is often given by: 
ariata 

pr)P)= Po +P1 cOs (g,2-6)+. 
itional order parameter is defined as (r) = p1(r)e eidr) The compleæ posità 

the average denstty. 1Upically only the first two terms are kept and higher oTder 
and Po 

are ignOTed snce most phases can be described adequately us27g terms are 

i$oidal functions. For a perfect nematic y = 0 and for a smectic phase y w3 
tak on compler values. The complex nature of this order parameter allows jfOT 

manu parallels between nematie to smectic phase tran.sitions and conductor to 

superconductor transitions , 

edit Onsager hard-rod model 

A simple model which predicts hyotropic phase transitions is the hard-rod model 

proposed by Lars Onsager. This theory considers the volume ercluded from the 

center-of-mass of one idealized cylinder as it approaches another. Specifically, if 

the cylinders are oriented parallel to one another, there is very little volume that 

is encluded from the center-of-mass of the approaching cylinder (it can come 

gaute close to the other cylinder). If, however, the cylinders are at some angle to 

one another, then there is a large volume surrounding the cylinder which the 

(due to the hard-rod Pproaching eylinder's center-of-mass cannot enter 

repulsion between the tno idealized objects). Thus, this angular arrangement 

8ees a decrease in the net positional entropy of the approaching cylinder (there 

e fewer states available to it) 

Jundamental insight here is that, whilst parallel arrangements of anisotropic The 

et8 lead to a decrease in orientational enropy, there is an increase in objects lead to 
positior entropy. Thus in some case greater positional order will he 

Pcally favorable. This theory thus predicts that a solution of rod-shaped entrop 
objects wil underg0 bal undergo a phase transition, at sujjicient concentration, into a 



nematic phase. A lthough this model is conceptually helpful, its mathematical 

formulation makes several assumptions that limit its applicabiity to real systems 

edit) Maier-Saupe mean field theory 

This statistical theory, proposed by Dr. Alfred Saupe and Dr. Wilhelm Maier, 

includes contributions from an attractive intermolecular potential rom an 

induced dipole moment between adjacent liquid crystal molecules. The 

anisotropie attraction stabilizes parallel alignment of neighboring molecules, and 

the theory then considers a mean-field average of the interaction. Solved self 

consistently, this theory predicts thermotropic nematic-isotropic phase 

transitions, consistent with eæperiment 20i3 

edit] McMillan's model 

McMillan's model is an extension of the Maier-Saupe mean field theory used to 

describe the phase transition of a liquid crystal from a nematic to a Smectic A 

phase. It predicts that the phase transition can be either continuous or 

discontinuous depending on the strength of the short-range interaction between 

the molecules. As a result, it allows for a triple critical point where the nematic, 

isotropic, and smectic A phase meet. Although it predicts the eæistence of a 

triple critical point, it does not successfully predict its value. The model utilizes 

two order parameters that describe the orientational and positional order of the 

liquid erystal. The first is simply the average of the second Legendre polynomia! 

and the second order parameter is given by: 

The values z, 0, and d are the position of the molecule, the angle betuveen the 

molecular aais and director, and the layer spacing. The postulated potential 

energy of a single molecule is given by: 

U0, )= -U(S+aa cos)co 0,-5 
Here constant a quantifies the strength of the interaction between adjacent 

molecules. The potential is then used to derive the thermodynamie properties of 



the stystem assumning thermal eguilibrium. t results in two self-consistency 

equations that must be solved numerically, the solution8 of which are the three 

stable phases of the liquid crystal. 

edit Elastic continuum theory 

In this formalism, a liquid crystal material is treated as a continuum; molecular 

details are entirely ignored. Rather, this theory considers perturbations to a 

presumed oriented sample. The distortions of the liquid cryatal are commonly 

described by the Frank free energy_ density. One can identify three types of 

distortions that could occur in an oriented sample: (1) twists of the material, 

where neighboring molecules are forced to be angled with respect to one another, 

rather than aligned; (2) splay of the material, where bending9 occurs 

perpendicular to the director; and (3) bend of the material, where the distortion 

is parallel to the director and molecular ais. Au three of tihese types of 

distortions incur an energy penalty. They are distortions that are induced by the 

boundary conditions at domain walls or the enclosing container. The response of 

the material can then be decomposed into terms based on the elastic constants 

corresponding to the three types of distortions. Elastic continuum theory is a 

particularly powerful tool for modeling liquid crystal devices 

edit) Effect of chirality 

As already described, chiral LO molecules usually give rise to chiral mesophases. 

This means that the molecule must possess some form of asymmetry, usualy a 

stereogenic center. An additional requirement is that the system not be racemic: 

izture of right- and left-handed molecules will cancel the chiral effect. Due 

to the cooperative nature of liquid crystal ordering, however, a small amount of 

chiral dopant in an otherwise achiral mesophase is often enough to seleet out 

one domain handedness, making the system overall chiral. 

Chiral phases usually have a helical twisting of the molecules. If the pitch of this 

twist is on the order of the wavelength of visible light, then interesting optical 

interference effects can be observed. The chiral twisting that occurs in chiral LC 

phases also makes the system respond differenty from right- and left-handed 

circularly polarized light. These materials can thaus be used as polarization filters 
931 

***** www** 



1o for chiral LCmolecules to produce essentially achiral mesophases. 
It is pos 

For 
instance, 

in certain in certain ranges of concentration and molecular weight, DNA achiral line heratic phase. An interesting recent observation is of yill form 
an achira 

the format ation of chiral mesophases from achiral LC molecules. Specifically, aomolecules (sometimes called banana liquid crystals) have been shown 
bent-core mole 

liguid crystal phases that are chiral 4. In any particular sample, 
to form liquid 

domains wll have opposite handedness, but within any given domain, var 

achiral orderng wal be present. The appearance mechanism of this 
SCOpic chirality is not yet entirely clear. It appears that the molecules 

macre 

hack in layers and orient themselves in a tilted fashion inside the layers. These 

iquid crystals phases may be ferroelectric or anti-ferroelectric, both of which 

are of interest for applications s 

Chirality can also be incorporated into a phase by adding a chiral dopant, which 

mau not form LOs tself. T'wisted-nematie or super-twisted nematic mixtures 
m 
often contain a small amount of such dopants. 

edit Applications of liquid crystals 

See also: Liquid crystal display 

Structure of liquid crystal display: 1 - vertical polarization filter, 2,4 - glass with 

electrodes, 3 - liquid crystals, 5 - horizontal polarization filter, 6 - reflector 

Liquid crystals find wide use in liquid crystal displays, which rely on the optical 

properties of certain liquid crystalline substances in the presence or absence of 

an electric field. In a typical device, a liquid erystal layer (typically 10 um thick) 

sits betaween two polarizers that are crossed (oriented at 90° to one another). 

The liquid crystal alignment is chosen so that its relaxed phase is a twisted one 

see Twisted nematic field effect) 4, This tuwisted phase reorients light that has 

passed through the first polarizer, allowing its transmission through the second 



reflected back to the observer if a reflector is provided). The 
polarizer (and 

device thus appears transparent. When an electric field is applied to the 

layer er, the long mole cular axes tend to alian narallel to the electric field tus 

gro -a.dually untwrstung in the center of the liquid crystal layer. In tas s 
the 

C molecules do Tot reorient light, 3o the light polarized at the first pole is 

absorbed at the second polarizer, and the device loses tram.sparenc9 
increasTg voltage. In this way, the electric field can be used to make a prtel 

switch between transparent or opaque on command. Color LCD systems use 

same tech7aque, with color fiters used to generate red, green, and blue pizels 

A, Similar principles can be used to make other liquid erystal based optical 

devices7 

Thermotropie chiral LCs whose pitch varies strongly with temperature can be 

used as crude thermometers, since the color of the material will change as the 

pitch is changed. Liquid crystal color transitions are used on many aquarium 

and pool thermometers as well as on thermometers for infants or baths, Other 

liquid crystal materials change color when stretched or stressed. Thus, liquid 

crystal sheets are often used in industry to look for hot spots, map heat flow, 

measure stress distribution patterns, and so on. Liquid crystal in fluid form is 

used to detect electrically generated hot spots for faibure analysis in the 

memory units with extensive 
semiconductor industry ILA, Liquid crystal 

capacity were used in Space Shuttle navigation equipment 40 

It is also worth noting that many common jlauids are in fact liquid crystals. 

Soap, for instance, is a liquid crystal, and forms a variety of LC phases 

depending on its concentration in water 4, 
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