¢ LIGUID CRYSTAL ¢
S e e R S

141 Introduction @

The term 'Liquid crystal®' seems to be a paradox.
After all, liquids and crystals are quite different
forme of matter. They have nothing in common. As we
know that gensrally, thers are three states cf mattaer
solid,'liquid and gas., Flasma is supposed to be the

fourth state of matter,.

A Liquid state is described as a free flowing
substance that has viscosity and no shape of its oung
shape of liquid is that of its container. It has
surface fansion, its own boiling point, and if heated
further converts into gasenus state. Liquid has no
erystallineg nature, Particles in a liquid move in a
totally random manner, flow around and over each other

gquite casily.

A solid stats is described to have its ouwn
particular shape, have no viscosity but has elasticity,
rigidity. Solids may be either crystalline or amorphous,
Crystalline solid state is rigid state of matter
consisting of reqularly spaced particles in three

dimensonal matrix. These particles move but only



within the region of their sites in the crystal lattice.
The particles are held together by forces within the

solid, Crystalline solid has its own melting points,

Then what are liquid crystals? As the name
sugg:ats, they are states of matiter intermediats between
the solid and liguid state. Liguid ecrystals have some
properties characteristics of liguids and some others
characteristics of crystalline solids. The liquid
crystals can flow, pour and take the shape of any
container thoy are poured into, but their particles

do something we ordinarily think of only in solids.

The intsrconvension of phasss at well defined
temperatures near melting point of crystalline solid,
perticularly in cass of organic corespounds, was
observed by an Austrian botanist Reinitzer (1) in

1988, While synthesising cholesteryl benzoate it was

found that it WBas two melting points, The solid
melted at 145°C %o give a turbid liquid, which changed
sharply to clear liquid at 179%C. The subsequent
studias of Lehmann (2) Schenk (3) Vorlander (4) and
Friede (5) established that tha intermediate phases
botwsen crystalline solids and isotropic liquids form
masophases called liquid crystalline states. Lehmann (2)
showed that the turbid liquid is birefringent and hence

anisotrophc.



The thsoretical study of this snecial phase
poses certain intrijuing and unsolved problems and
calls for a new understanding and dovelanment of
statisiical theories. The behaviour of liquid crystals
andg axhibitlion of colour pattsra has trignered the
exparimertal efforts in thise novel fleld, The linquid
erystals have unuseal phyaical and ontical pronartiss
and tave numbnr nf immortaent Scchniclegiczl and commercial
applicationg, Thov are aolready being used in digital
watchos, digital resdouvis, menory aystens, display
daviecss, digposable 'thermoneterg, leather industry
and phbarmnecuticulus. As a result, the liguid ecrystals
have exciited genzral intorest and ponular appeal and

an axhensive etudy is being pursusd in various

labosakories all avaer the world.

102 Classiflcation of Liguid Crystals @

Tihe liquid crystals can be classified on the
basis of methods of their formation. There are two
racugnizaed claswss of liquid crystals . First
Thermotropic iiguld orystals and second Lyotropic

Liquid crystale.

Thermeiropic liguid criyetais are formed when

the temperature of sume crystalliine solids of rod
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like molaculesis varied. The intermediate phase

batwsen crystalline solid and isotropic neat liquid

servas as thermotropic liguid crystal, 1f a thermotropic
liquid ecrystal can be formad by both the cooling and |
hoating processes, then the phase is knoun as
Tenantiotropic'. Those thermotropic liquid crystals

which are obtained only when the substance is supsrcosled
are callsd "monotropic’. There are some 5000 organic
compounds which yield these thermotropiec liquid crystal

phasasa.

Lyotropic liquid crystals are formed when
cartain compounds are treated with a highly polar .
solvent such as water. 0One of the compounds is usually
amphiphiliec containing a polar head group attached to
one or mors hydrocarbon chains. The Seccnd compound
is usually water or heavy water. The typical
hydrophilic groups in the amphiphilic compounds
forming lyotropic liquid crystals (6) are —~UH,--D(Ch2-

CWETU)nH, «=L00H, ==COONa, -=50Na, ==503K, ~=lMe4Br,

==P0d, ==CH,=CH -NH;' and typical lipophilic groups

2
are --CnH2n+1 and --UZC ==lH --CHZCOBCn H2n+1 etc.

1.3 Classification of Thermotropic liquid-
Crystals :

Theremotropic liquid crystals are classified

in three main classes (7), namely i) Smectic, 2) nematic
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and 3) Cholasteric. Each of these exhibits
characteristic opptical patterns or textures abserved

in thin Films { 0.3 mm) under a pelarizing microscope.

1) Smectic 3

Sacovic Weans soap like; many common soaps exhibit
amoctic phasas at elavated temperatures (200%.) or
in the presence of water. This mesophasa has the
highest crystalline order. [{iolecules in this mesophase
are arrenged in layers with their long axes parallel to
each other. (Fige 1.1). However, there is a significant
scatter of the long molegular axes from the perfect
parallel arraengement due to thermal fluctuations. It
may be mentionad that various types of smectic phases
are knouwn depending upon the molecular arrengaments
within the layers (B). Smectic liquid crystals have
relatively high viscosity and have not found as many
applications as the other classes mentioned below.
The cantfa of mass of the molecules is in a plans
which is perpendicular to the optic axis of the
molacules. The fluidity of the phase comes from the
flexibility and the gliding ability of the layers over
@ach other. Different smectic liquid crystals are
mentioned as smectic A, Smectic By, Smectic Ceeececes

cesscsssssievan typas at different temperatures.
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2, Nematic :

Nematic means thread like, esxhibits a lowsr
degree aof a molecular order than smectic liquid erystals,
as the molecules are not saperated into layers, although
they are aligned parallel to sach other. (Fig. 1.2).

In this phase molecules have a greater mobility. This
masophasa have been most axtensively usaed for structural
studies in HMR expsriments. For substances exhibiting
hoth the swmactic and the namatic phases, the smectic
always occurs at a lower temperature. The constituent
molecules in this phase are usually long rod like
structures and the ordering consists of a proferred
parallel arrengement of the long axes of larger group
of molecules. When a nematic liquid crystal is
axamined under polorized microscope, tiny thread=like
structures are visible called textures. These
structures scem to be ths boundriecs between the regions
of differant molecular orientation. OUptically, a
nematic behaves as uniaxial material with the centra

of symmetry. The existence of centre of symmetry is
also supported by the absence of ferro-slectric and
Second hormonic generation in light scattering
Phenomenon. Nematic is optically strongly birefringent

or doubly refracting, theo refractive index being
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diffarent for light polarized parallel and perpendicular
to the director axis. HNematics show anisotropies in
diamagnetic and dielectric properties. Pure nematics
ars good insulators, but whaen doped with ionic

impuritio it becomos conducting.

1t may again be emphasized that the parallel
arrqngemnant of moleculaes is not at all as perfect
due to tharmal fluctuations. #A measure for the
fluctuations give the degrae of order defined by the

averags valuges
’ Berial
5=} 3Cosb-1)

tthere 0 $= is the momentary angle betwsen the long
axis of the molecule and the axis of preferred
orientation, For isotropic arragensnt, i.e. random
orientation of the axes, S=0 and for perfect parallel

alignment S=1 (i.e. O=0),

3) Cholasteric

The name arises from tha fact that most compounds
axhibiting this phase a skeleton similar to the steroid
cholesterol, The cholesteric phase is a special type
of the nematic phase and is formad by optically active

compounds. In this mesophase, the molecules are
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separated into layers and within one layer thay are
arrenged parallel to sach other, wherecas between two
asuccessive layers tha diraection of longest molscular
axis is slightly displaced. This displacement follous
a helical path (Fige 1.3). The helix can be right or
loft handed depending upon the sense of displacement.
The pitch of the helix changes critically with small
variation of temperature, pressure, etc. resulting in
changes of tha roflecting properties. Such subgstancas

have found applications in temperature sensing devices.

The presence of the helical distortion makes
cholesteric phases unsuitable for high rasolution
NI studies. #s the cholesteric phase is of the most
opticelly active compounds}; a compansatad mixture of
d=rotatory and l=rotatory cholesteric liquid crystal
changes into nematic mescphase and can be used in

MMR experimonts For siructural studies (9).

The molecular structure of a cholesteric
ligquid crystal is delicately balanced and is easily
disturbed. These small disturbances interfere with
the weak forces betwsen molecules and have the effect
of slightly changing the molecular structure of thae
substances. But such a structural change also changes

the optical proporties of liquid crystal which give
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them potentials of technical applications iy detection
of toxic chemicals, thermography or surface tempsrature
mapping, light modulating devices such as light valves,
memory circuits, rear projection screans, display

panels of digital readouds, wathces.

1.4 Lyotropic liauid crystals ¢ Lyo- means

containging water. As stated above Lyotropic liquid,
crystals are formed by mixing two or more components

in solvents generally polar type.

The molocular packing in the Lyotropic liguid

crystals is explainsd as follows:

Tha soaps are amphiphilas, meaning compounds
which have a hydrophilic ( an affinity for water )
polar group attached to a long hydrophobic ( water=-
repellant ) hydroearbon chain. The amphiphilic
compounds are characterised by having in the same
molecule two parts with greatly differsnt solubility
praparties.' One part of the molecule is hydrophilic
(an affinity for water) which tends to be soluble in
water and insoluble in hydrocarbons and the other is
lipophilic (insolubility in water) which has reverse
solubility characteristics. As the concentration of

goap increasas, the hydrophobic paraffin chains tend



to associate prefersntially with one annther, since they
are quite insoluble in water. At the concentration
known as the eritical micelle concentration, aggregates
of the alkylsalphaﬁe iong form stable antities knoun as
micalles, The non=polar hydrocarbon chains nccupy the
interior of the micallas with.th@ ionic head groups on
the surface whare they can interact efficiently with

the golvent (Fig. 1.4). This type of behaviour is
typical net only for snaps but also for naturally occuring
materials such as phospholipids. The critical micelle
concentration and the aggregation number depaends on many
factors == tne natura of the polar head group and of the
hydrosarbon chain and thae presenca or absence of

slectrolvies atc,

Rs the conecentration of the soap increase an
anisotropiec liquid crystalline matarial may be formed,
which has a lamaellar structure as shoun in Fig. 1.5
The hydrocarbon chains form the superstructure with the
polar groups lying along the interface with water. The
arrangamont is such that the hydrocarbon chains are
parpendicular to the interface and sach layer is

approximately two hydrocarbon chain lengths thick.

Irradiation with high Fregquency sound converts
a lamellar phase into isotropic solution. The sonication
does not destroy the lamellar structure, but causes the

formation of closed bilayeraes called vesicles (Fig. 1.8).
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They ars sphercidals in shape and enclose a volume of
water depsndent on the diamstor of the vaesicle and

separated from the interstitial water.

Uith changing composition, the lamellar gtructure
aftan becomos unstable and cylidrically shaped aggregates
may form a hexagonal packead structure (Fig. 1:?); The
polar head groups in this cade lie on the surfage of

gthe gylinder with the hydrocarbon chains in ths interior

{middle Scap). Tha hexagonal and the lanellar awgisgotropic

liquids arg by far the most common Lyotropic phagses.
However, many ather types of phases like cubic, reversed
micellar and reverssd hexagonal may cccure under

diffarant gconditicns.

Sometimes nematic lyotropic liquid crystals
gapahle of being oriented by magnetic Pields may also
he formed. The exact structure of such phases is not

vet wall sstablished, though they are assumad to have a

cylindrical superstructure resembling the hexagonal
phase. Such nematic lyotrepic liguid crystal phase

have gnormous use as orienting media in NHMR sxpsriments.

15 Liquid crystals as NIMR solvents S

Saupe and Englert in 1963 (10) for the first

time demonstrated the use of thermotropic nematic
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liquid crystal as uéry usaful solvent for studying
different soludes by NMR spectroscopy. Ths solute
moloculs gets oriented in nematic liquid crystal solvent
which is a new technique for the determination of the
relative arrengoment of nuclei of the solutse. The scope
of this technique is quite breoad and the precision
compares wall with that obtainable from other available
methods, NMR spectroscopy in liquid crystal solvents

is the most recent addition to other different techniques
such as X=rays, microwave, I.R., neutron diffraction,
slactron diffraction, electron spin resonance to study
the molecular structure of a compound. This is the

only technique among those mentioned above whers the
material is studied in the liquid phass. In the
Pavourable cases it gives a precision of about 1 part

in 156 in the relative bond distances and the bond

angles (11).,

Dut of different types of thermotropic liquid
crystals, only the nematic liguid crystals are extensively
used as solvents for NMR spectroscopy. Very few
cholesteric liquid crystals of compensated mixtures
with opposite types of optical activity converts
cholasteric intoc nematic mesophase and can be used in

NMR experiments for structural studies(9). Smectic
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liquid crystals also serve as solvents for NMR
spectroscopy giving large line width and hence very

few times usad as solvenis.

Lyotropiec liguid crystals of nematic nature uwas
for the first time usad as solvent in NMR spectroscopy
by Lawson and Flaut (12) in 1967, It has its oun
p@?ticul&r mixture of differsnt ingradients, Since then
several other lyotropic phases have been used in NFR
experiments and the results have been summerised (13)

in deteil,

Tha use aof lyotrbpic liquid crystal solvents in NMR
exparimentg for the study of molecular structure is much
less than that of thermotropic pruobably because tha
formation of the lyotropic nematic phases depend
eritically on the concantration and purity of the
ingradients used {14), and it takes much longer time
to gat nroper orientstion. Howavar, thair use as the
orienting mediz has certaln advantages over the
thormotropic liquid cryakals, Thass phases are more
sonsitive to solvent~=solute interactions, have low
line width as compared with thermotropie sclvents and
relativaly low molaculsr erder cf tha dissolved spacies

which simplified the snalysis of ths spectra.



mm Following are the commonly used thermotropic nematic liquid crystal solvanis
for NM R spactroscopy {(15), with the nematic range of temperature in pure form.
Sre.No. Name naaamﬂnwmw namee Structure. Hematic ramge e
I. Ne=({pelMethoxybanzylidens)e= M.B.B.A. :un..o.«\ rn:nz&\\ //n 4Hg  10-48
=pen=huytylaniline. :
. A\ 7N\
I1. f={p-Lthoxybenzylidensa)= E.B.HB.A, :mmwlo L\lnzuz Mvnb:m 32.5=81
=pen=butylanilina. — —
I11. pen=Hutyl=p’-nathoxy-= Merckés ll/ \
~pzoxybenzena, Phase IV H ntnLN \vz ﬁzxﬂ \n&:m 16=76
iV, 65 mols % Merck's phase IV fierck's 65 mole % Merck's phase IV,
+ 35 mole % ﬂrumm.h, +uu mole 4
S : x& 4/ o
p=gthyl=p’=methoxyazoxybsnzena H3(C=0 ,ll\?iz nN =5 to 75 ¢
Ve fNematic Mixturs Cstman kodak ::awmowommn =1 to 105
Nematic Mixture.
Ui, Pegyno=pen=pentylbiphenyl PeCoFoHe, za % MWV \ 22.5=35.
¥itl. ZLI 1167 W These commercial :mamﬂpm liquid nu<mwmwm
ZL1I 1165 produced by lMerck Germoney are also in
w use at room temperature.
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Following Lyotropic ﬁematic Liquid crystal solvents

are in use for NMR spectroscopye.

1)

2)

3)

5)

6)

An 821:1:10 mixture (by weight) of sodium Cg or C4q0
alkylsulphate, the correspnnding.alcahol, gsodium

sulphate and water (D20). by Lawson and Flaut (12).

A 14:1:1:20 mixture (by weight) of sodium dodecylsulphate,
decanol, sodium sulphate and water (D20) by Khetrapal
etoals(16).

A 75 1.5:1:215 mixture (by weight) of potassium laurate,
decanol, potassium chloride and water (D20) by Long

Jr.(17).

A 10:1:2081 mixture (by weight) of decylmanium chloride,
decanol, water (020) and Ammonium chloride, Amonium
chloride in this phase may be replaced by other salts
by Reeves et.al, (18). This phase has superstructure

carrying a positive charge.

Lyotropic phase in which the ions form the phase itgelf

provide high resolution NMR spectra, have also been

used, by Resves at.al. (19=21).

For specific purpose polypeptides also serve as
lyotropiec liquid crystal phase such as poly—}f—banzyl-
eL=glutamate (F.B.L.G.) etc. by Iizuka, E.et.al.(22-24),



