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Crystals have 3 dimensional periodic structures.

Amor phous materialsincluding liquids are disorder ed.

Liquid crystals have inter mediate order, and are
consequently sometimes known as mesophases.

They are neither trueliquidsnor crystals.

There arevariousdifferent typeswith differing
symmetries.

— lowest symmetry
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n
director

nisthepreferred direction, known asthe director
Alignment with the director isnot perfect.
Can be characterised by the order parameter

2" L egendr e polynomial
wher e 0 isthe angle each molecule makes with n.
S =1 for perfect alignment
S =0 for random alignment (asin isotropic liquid) and
S =-1/2 for moleculeslying randomly in plane Oar to

director

—from Greek for soap.
Layer structure—with nematic order within layers.
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nor mal

n_inclined to layer
normal

There are awhole series of smectic phases, with
different degreesof symmetry.

Some of them arereally equivalent to low-dimensional
crystals.
All have layer structures.
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—the name comes from cholesterol.
Chiral molecules (that is, ones with asymmetric carbon
atoms, so that that isthe molecule differsfrom its
mirror image) spontaneously twist.

Nematic order in each layer, but thereisa (systematic)
angular twist between successive layers.

Thisleadsto a helical structure.
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Helix has a well-defined pitch.
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Typical moleculeswhich form LC phasesarerod-like or
anisotropic in some other way.

CH3—O@—CH2—|\|—< Q > (CH2)3 CH3

n-(-p methoxybenzylidene)-p-butylaniline MBBA

isatypical molecule, paralinked aromatic rings, often
with conjugation, to create an overall stiff molecule
resembling arod.

Par a linkages mean bonding at 1 and 4 position on
benzenering to give a straight molecule.

Conjugation means alter nating appar ent single and
double bonds along the chain promote electron
delocalisation, which tendsto stiffen the molecule.
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Can also have polymerswith this same para linkage to
give a high aspect ratio molecule.
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Poly(p -phenylene terephthalamide) PPTA —Kevlar.

Other shaped anisotropic molecules can also form LC
phases.

e.g. planar molecules
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These may stack as columnsto form columnar phases.

There are many variations of discotic phases depending
on the symmetry of the stacks.
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Or smply all the discs may align parallel toform a
discotic nematic.
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Such disc-shaped organic molecules, again with
substantial para linkages, but now within a planeto

form thedisc, are being increasingly looked at for their
ability to orient to give useful optoelectronic properties.
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Have mentioned that the word smectic comes from the
Greek for soap.

The moleculesin soap (based on stearic acid) are
examples of amphiphilic molecules (literally 'both
loving').

This means they have a polar end which is hydrophilic,
and a non-polar hydrophobic end.

Such molecules spontaneoudy order when placed in
water —a process known as'self assembly'.

Wat er

Planar bilayer

0 000
Structure
% % ? % ? hydrophobic

hydrophlllc

These structuresare Water
very important in biology, asthey form the basis of the
cell membranefor all animal cdlls.
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In thiscasethelayersroll up to form a closed surface,
with the hydrophilic head groupsin contact with the
agueous environment both within and outside the cell.

all the way
§ round

Physicists are now using model bilayer structures,
known as vesicles, to help understand the cell
membrane's behaviour .

In general amphiphilic molecules can exhibit a series of
different phases, with a systematic progression
depending on concentration and molecular shape.
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Block copolymer melts (i.e. A,B, type polymers) show
very similar behaviour.

Thisisfor similar reasons—the two parts of the chain
do not want to mix and so the geometry of the
connectedness for ces particular self-assembled
structuresonto the system.

In this case the progression of phasesoccursasa
function of ''concentration’ (ratio of m/n) and total
chain length.

A A A, B B B
SPHERES CYLINDERS LAMELLAE CYLINDERS SPHERES

Increasing A-Content

Decreasina B-Contant
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Liquid crystalline phases can form

» either over arange of temperatures—thermotropic
phases —

e or over arange of concentrationsin solution —lyotropic.

MBBA isan example of the former.

Since, aswe will see, optical propertiesare strongly
affected by the phase the system isin, such materials can
be very useful for temperature sensors, by choosing
materials with appropriate phase transition
temperatures.

Kevlar isan example of a lyotropic material.

However, because of its para-linkages and high degr ee of
conjugation it only dissolvesin very strong acids.

When Kevlar isprocessed, it isdissolved in hot
concentrated sulphuric acid . Thismakesit expensiveto
process.
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