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Liquid crystal
A state of matter that exhibits 
properties of both liquid and 
crystalline substances at the 
same time such as by flowing 
while its molecules maintain a 
recognisable orientation.

or just a substance?

READING ASSIGNMENT

Introduction to 
liquid crystals (1, 2) 
DENIS ANDRIENKO
bit.ly/339ByC3



Morphology
The study of the forms of liquid 
crystals and the relationships 
between their structures.



Mesomorphic state
A state of matter in which the degree of 
molecular order is intermediate between 
the perfect three-dimensional, long-range 
positional and orientational order found in 
solid crystals and the absence of long-
range order found in isotropic liquids, 
gases and amorphous solids. 
Liquid crystal state (LC)
A mesomorphic state between solids and 
liquids having long-range orientational 
order and either partial positional order or 
complete positional disorder. 
Liquid crystal
A substance in the liquid crystal state.

More accurate definitions
Crystal phase
Phase with a long-range periodic positional 
or translational order. 
Liquid phase
Phase with no long-range periodic or 
orientational order. 
Mesophase or liquid crystal phase
Phase that does not possess long-range 
positional ordering, but does have long-range 
orientational ordering. 
This occurs over a defined range of 
temperature or pressure or concentrations 
within the mesomorphic state.  
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Discovery and initial 
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‘Father’ of liquid 
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Daniel Vorländer 
Germany, 1867–1941 
Discovered most 
liquid crystals known 
today

Pierre–Gilles de Gennes 
France, 1932–2007 
Discovered how methods 
for measuring order 
phenomena can be 
extended from simple 
systems to more complex 
ones like liquid crystals
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Three basic types READING ASSIGNMENT
Ch. 3 and 4 (quick read)

bit.ly/2GLlayh
Nematic 

N Smectic-A 
SmA

Smectic-C 
SmC

Cholesteric 
N*



n(r)

Common orientation across molecules 
described by the director, a unit vector 
usually denoted by n(r).

Molecular ordering does not possess 
well-defined layers: no long-range order 
in the positions of centres of mass.

Nematic 
N

Possess thread-like defects, hence the 
term nematic which comes from the 
Greek word !"μ$ for ‘thread’.



NEMATIC LIQUID CRYSTAL / KASZYNSKI LAB



Smectic-A 
SmA

n(r) and z 
aligned

Common orientation across molecules 
described by the director, a unit vector 
usually denoted by n(r).

Molecular ordering consists of well-
defined layers, or stratification, across 
the entire smectic liquid crystal sample.

In the simplest type SmA the director n 
and layer normal z are aligned; the 
second most common type SmC has a 
non-zero angle between n and z.Smectic-C 

SmC

n(r) and z 
not aligned



SMECTIC LIQUID CRYSTAL / FSU



Molecular orientation is described by the 
director, a unit vector usually denoted 
by n(r), which is chiral in nature.

Like nematic, molecular orientation has 
long-range order but the positional 
ordering is not of long-range due to 
chirality (chiral nematic liquid crystals).

The distance over which the director 
undergoes 360o rotation is called the pitch. 
Nematic liquid crystals have infinite pitch.

Cholesteric N*
n(r)

n(r)

n(r)

n(r)
n(r)

n(r)
p/2

The pitch, like visible light, is usually hundreds 
of nanometers (10–7 m). It is affected by 
temperature, magnetic and electric fields.



CHOLESTERIC LIQUID CRYSTAL / PHILIP HANDS



SOURCE 
What makes a liquid crystal? The 
effect of free volume on soft matter. 
JOHN GOODBY, RICHARD MANDLE ET AL.

All other known types
(So far anyway)





Smectics Plane views of various 
smectic liquid crystals



READING ASSIGNMENT
Ch. 1 only

j.mp/2YPUoLg

Birefringence
Liquid crystals are optically anisotropic which means 
they exhibit different refractive indices for light based 
on its travel direction or polarisation. 

The maximum difference between the refractive indices 
of a material is known as its birefringence. 

Birefringence is especially useful when it comes to 
determining the order in a liquid crystal as it helps us 
determine the Orientational order parameter.



Orientational order parameter

MOST LEAST

A look at the extent of ordering in the crystal–liquid phases

Crystals Smectics Nematics Liquids



Orientational order parameter
A quick derivation of two order parameters

··T =
Txx 0 0
0 Tyy 0
0 0 Tzz



··T =
Txx 0 0
0 Tyy 0
0 0 Tzz

Let us calculate what happens to this tensor 
when the director is along the z-axis.

Rz(ϕ) =
cos ϕ sin ϕ 0

−sin ϕ cos ϕ 0
0 0 1

First rotation by φ around z-axis 
takes us to intermediate (xi, yi, z)

Ry(θ) =
cos θ 0 −sin θ

0 1 0
sin θ 0 cos θ

Second rotation by ' around the yi axis 
takes us to the final (x’,y’,z’) system

T′� = Rx(ω)TRt
z(ω)



··T =
Txx 0 0
0 Tyy 0
0 0 Tzz

Rz(ϕ) =
cos ϕ sin ϕ 0

−sin ϕ cos ϕ 0
0 0 1

First rotation by φ around z-axis 
takes us to intermediate (xi, yi, z)

Ry(θ) =
cos θ 0 −sin θ

0 1 0
sin θ 0 cos θ

Second rotation by ' around the yi axis 
takes us to the final (x’,y’,z’) system

T′� = Rx(ω)TRt
z(ω)Apply these rotation transformations on our tensor:

Result (diagonals only)
T′�x′�x′� = Txx cos2 θ cos2 ϕ + Tyy cos2 θ sin2 ϕ + Tzz sin2 θ
T′�y′�y′� = Txx sin2 ϕ + Tyy cos2 ϕ
T′�z′�z′� = Txx sin2 θ cos2 ϕ + Tyy sin2 θ sin2 ϕ + Tzz cos2 θ

Observe that the traces 
of T and T’ are the same.



Anisotropy of a macroscopic phase is generally given by

ΔT′� = T′�z′�z′� −
1
2 (T′ �x′�x′� + T′�y′ �y′ �)

= 3
2 T′�z′�z′� −

1
2 tr(T′�)

If we have a uniaxial sample so that T′�x′�x′� = T′�y′�y′�

ΔT′� = ( 3
2 sin2 θ cos2 ϕ − 1

2 ) Txx + ( 3
2 sin2 θ sin2 ϕ − 1

2 ) Tyy + ( 3
2 cos2 θ − 1

2 ) Tzz

we get, on substitution,

⟨ΔT′�⟩ = ⟨ 3
2 sin2 θ cos2 ϕ − 1

2 ⟩ Txx + ⟨ 3
2 sin2 θ sin2 ϕ − 1

2 ⟩ Tyy + ⟨ 3
2 cos2 θ − 1

2 ⟩ Tzz
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1
2 (T′ �x′�x′� + T′�y′ �y′ �)

= 3
2 T′�z′�z′� −

1
2 tr(T′�)

If we have a uniaxial sample so that T′�x′�x′� = T′�y′�y′�

ΔT′� = ( 3
2 sin2 θ cos2 ϕ − 1

2 ) Txx + ( 3
2 sin2 θ sin2 ϕ − 1

2 ) Tyy + ( 3
2 cos2 θ − 1

2 ) Tzz

we get, on substitution,

⟨ΔT′�⟩ = ⟨ 3
2 sin2 θ cos2 ϕ − 1

2 ⟩ Txx + ⟨ 3
2 sin2 θ sin2 ϕ − 1

2 ⟩ Tyy + ⟨ 3
2 cos2 θ − 1

2 ⟩ Tzz

Averaging over all molecules

where we define

D = ⟨ 3
2 sin2 θ sin2 ϕ − 1

2 ⟩ − ⟨ 3
2 sin2 θ cos2 ϕ − 1

2 ⟩ S = ⟨ 3 cos2 θ − 1
2 ⟩and



D = ⟨ 3
2 sin2 θ sin2 ϕ − 1

2 ⟩ − ⟨ 3
2 sin2 θ cos2 ϕ − 1

2 ⟩ S = ⟨ 3 cos2 θ − 1
2 ⟩

⟨ΔT′�⟩ = ⟨ 3
2 sin2 θ cos2 ϕ − 1

2 ⟩ Txx + ⟨ 3
2 sin2 θ sin2 ϕ − 1

2 ⟩ Tyy + ⟨ 3
2 cos2 θ − 1

2 ⟩ Tzz

Tendency of the x- and y-axes to point along the director

Orientation 
Tendency of the z-axis to point along the director

Knowing anisotropy Tzz − (Txx + Tyy)/2 the parameter S can be determined.

Orientational order parameter



Orientational order parameter
Determines the extent of ordering in a liquid crystal

' is the angle between the actual orientation of a molecule and the 
local director of a small volume element (recall that the director 
can change across a vast sample: no large-scale order exists).

S = ⟨ 3 cos2 θ − 1
2 ⟩



S = 1 for perfectly aligned samples 
S = 0 for perfectly random samples 
Generally, 0.3 < S < 0.8 for liquid crystals

S

TTC The order parameter is affected 
by temperature changes.

Phase transition

' is the angle between the actual 
orientation of a molecule and the local 
director of a small volume element.

S = ⟨ 3 cos2 θ − 1
2 ⟩



Orientational order parameter

It is affected by, and can therefore be 
measured using, temperature, absorption 
coefficient, birefringence, diamagnetic 
susceptibility, Nuclear Magnetic Resonance, 
Raman scattering and other phenomena.

READING ASSIGNMENT
Ch. 1, 2, 9, possibly others

j.mp/2M4hCeE



Identification of phases
Ref. ch. 9 of Collings and Hird

Main type of mesophase classification 
Molecularordering

Purpose of classification is mainly 
academic but is sometimes for 
technological usage

Main identification technique is 
optical polarising microscopy 
which reveals different textures

Differences between various 
phases is small so greater 
precision is required

1

2

3



Detector

Normal light

Polariser

Polarised light

Sample

Light affected by sample

Second polariser

To detector



FIRST OBSERVATION

Identification on sight

MOST LEAST

Opacity Solids Nematics LiquidsSmectic A etc.
LC is a bit opaque

Fluidity Liquids Smectic A etc. SolidsNematics
Viscosity is reverse

Crystal B etc.

Crystal B etc.

Colour
Selective reflection 
based on pitch

USUALLY ACCOMPANIED BY TEMPERATURE SWEEP

Chiral types Non-chiral types



MOST LEAST

Opacity Solids Nematics LiquidsSmectic A etc.
LC is a bit opaque

Fluidity Liquids Smectic A etc. SolidsNematics
Viscosity is reverse

Crystal B etc.

Crystal B etc.

Colour
Selective reflection 
based on pitch

Chiral types Non-chiral types

CASE ONE
Fluid, non-reflecting, 
mildly opaque sample.

Smectic A etc.

CASE TWO
Waxy, heavily opaque, 
non-reflecting sample.

Crystal B etc.

CASE THREE
Lightly opaque, fluid, 
non-reflecting sample.

Nematic

CASE FOUR
Fluid, opaque, red in 
low and blue in high T.

Chiral nematic

V.H. Belvadi
Smectic A type

V.H. Belvadi
Crystal B type

V.H. Belvadi
Nematic

V.H. Belvadi
Chiral type



READING ASSIGNMENT
Compulsory: 9.3.1–9.3.3

j.mp/2M4hCeE

LEAST

Nematics LiquidsSmectic A etc.

Liquids Smectic A etc. SolidsNematics

Crystal B etc.

Crystal B etc.

Chiral types Non-chiral types

CASE TWO
Waxy, heavily opaque, 
non-reflecting sample.

Crystal B etc.

CASE THREE
Lightly opaque, fluid, 
non-reflecting sample.

Nematic

CASE FOUR
Fluid, opaque, red in 
low and blue in high T.

Chiral nematic



ASSIGNMENT
Title of your report 

Full name 

Abstract: An approximately one-hundred word 
summary of your report, outlining your 
intention and conclusion, or what the reader 
can learn from your report. 
——————————————————— 
Type and print or handwrite your report. Keep 
the maximum length to around 1,000 words. 
Use small diagrams where necessary and 
cover everything in your syllabus under liquid 
crystals (not crystal lattice dynamics). 

Use equations as necessary, separate your 
report using headings and subheadings if 
needed, and give credit to books or webpages 
that you refer to. Include a small bibliography 
at the end. 

Purpose 
The purpose of this report is to (1) help you 
understand the subject matter and (2) teach 
you how to write a report. If you’re typing, 
fonts and sizes do not matter. Keep it sensible.

Minimum 
Read and summarise the reading 
assignments suggested in this and 
the previous lecture (esp. Collings).
Further 
Find other references and expand 
your report while staying roughly 
within the bounds of the syllabus.
Avoid 
Copying others’ structure. 
Re-writing other’s report with synonyms. 
Rearranging others’ sentences. 
Outright copying others’ report.

OK

BAD

Report on liquid crystals



SUBMISSION

Handwritten 
Just give it to me by hand. 
(Obvious?)

Report on liquid crystals

Typed 
Save paper and e-mail it to 
hello@vhbelvadi.com with the 
following subject.

hello@vhbelvadi.com

[Report, II MSc, Your name] Title of your report

Title of your report 
Full name 

Abstract: An approximately one-hundred word 
summary of your report, outlining your intention 
and conclusion, or what the reader can learn 
from your report. 

——————————————————— 

Type and print or handwrite your report. Keep 
the maximum length to around 1,000 words. Use 
small diagrams where necessary and cover 
everything in your syllabus under liquid crystals 
(not crystal lattice dynamics). 

Use equations as necessary, separate your report 
using headings and subheadings if needed, and 
give credit to books or webpages that you refer 
to. Include a small bibliography at the end. 

Purpose 
The purpose of this report is to (1) help you 
understand the subject matter and (2) teach 
you how to write a report. If you’re typing, 

Do not forget 
to attach.

DUE BY
End of September 2019.

Lots of time

mailto:hello@vhbelvadi.com

