
Day 2

Pure LC fluids: thermotropic. Meaning temperature is the important 
thermodynamic variable governing phase behavior. 
LCDs are mixtures of liquid crystals, but have no solvent.

LC solutions (polymer LC, colloidal LC, amphiphile LC): 
lyotropic. Meaning concentration is the important 
thermodynamic variable governing phase behavior.

Classification by thermodynamic variable. 

Appearance of nematic liquid crystal.

Cholesterol melts from a solid to a turbid 
liquid at 145 oC.

Turbid liquid turns to a clear liquid at 178 oC.

Turbid liquid is cholesteric (chiral nematic) 
liquid crystal.



Hybrid molecular form and molecular frustration
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8CB: octane + 4-cyanobiphenyl

octane
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Low molecular weight LCs are thermotropics. Meaning no solvent, only liquid crystal.
Commercial LCs are mixtures.



http://omm.hut.fi/opetus/pofy/luento7.pdf

Most block co-polymers are melts 
but solvent can be added without bulk phase separation



lyotropic

http://www.physics.upenn.edu/~tom/talks/Nonlinear_Elasticity.ppt





Mesophase occurrence often caused by same reason: molecular frustration

Big point.

Thermotropic LC

Block co-polymer



http://polymers.nist.gov/combi/NCMC-9%20CD/Presentations%20for%20Web/Fiona%20Case.pdf

Lyotropic liquid crystals

Mesophase occurrence often caused by same reason: molecular frustration



Mesophase occurrence often caused by same reason: molecular frustration

Hard rods. Perfect lyotropic. Onsager model.

http://research.yale.edu/boulder/Boulder-2002/Lectures/Frenkel/part3.pdf

Exception



TMV

L = 300 nm 

D = 18 nm 

Tobacco Mosaic Virus



crossed polarizerswhite light

isotropic

nematic

Wetter, Biologie in unserer Zeit 3, 81-89 (1985)



Bragg diffraction with 
white light

λθ =sin2d2
θ

C.Wetter
Biologie in unserer Zeit 3, (1985).



10 µm

Smectic Phase
of fd virus

co-existence of 
nematic and smectic



Chaikin exaggerates when he says
real space beats Fourier space.

Real space (microscopy) is unparalleled for study of local structure:
defects, microstructure, single molecule dynamics,

high frequency spatial modulations

Reciprocal, or Fourier space is best for 3D averaged structure:
order parameters, symmetry, phase transitions, hydrodynamic modes,

high frequency spatial (and temporal) modulations

Soft matter is best studied experimentally 
using

microscopy
PLUS

scattering



John Godfrey Saxe's ( 1816-1887) version of the famous Indian 
legend,

It was six men of Indostan,
To learning much inclined,

Who went to see the Elephant
(Though all of them were blind),

That each by observation
Might satisfy his mind.

The First approach'd the Elephant,
And happening to fall

Against his broad and sturdy side,
At once began to bawl:

"God bless me! but the Elephant
Is very like a wall!"

The Second, feeling of the tusk,
Cried, -"Ho! what have we here

So very round and smooth and sharp?
To me 'tis mighty clear,

This wonder of an Elephant
Is very like a spear!"

The Third approach'd the animal,
And happening to take

The squirming trunk within his hands,
Thus boldly up and spake:

"I see," -quoth he- "the Elephant
Is very like a snake!"
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Measuring nematic order of colloidal rods by x-ray diffraction

I(q) = f(Ω) P(q, Ω) dΩ∫ 

angular distribution,  f (θ) 
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form factor, P(q, Ω)
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data     model

S =   P2(cos(θ))f(θ) dcos(θ)∫

Angular distribution

c

intraparticle scattering

∫ ΩΩ= dqPfqI )()()(



θ

φθ
φθ

cos
sinsin
cossin

=

=
=

z

y

x

l
l
l



-2 -1 1 2

0.2

0.4

0.6

0.8

1

−π 0 π

angular distribution
 function

)(Ωf











http://dept.kent.edu/spie/liquidcrystals/nematics1.html

http://dept.kent.edu/spie/liquidcrystals/nematics1.html


Elastic constants K have units of force.



Strong anchoring Weak anchoring







has an electrostatic analogue V→θ E
z

→
∂
∂θ

If the voltage is constant in a plane, then the electric field is constant.
parallel plate capacitor V

0

E

02 =∇ θ

02 =∇ V



Liquid crystal disclinations seen through cross-polars

http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13

birefringence

http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13


Topology constrains m to be integer, or half-integer.

Energy / length



φ

n̂

θ

m = +1/2 m = -1/2

om θϕθ +±=
2D disclinations in nematic



http://www.chem.rdg.ac.uk/dept/staff/phys/ams/crosspolars.html
Liquid crystal disclinations seen through cross-polars

http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13

http://www.chem.rdg.ac.uk/dept/staff/phys/ams/crosspolars.html
http://dept.kent.edu/spie/liquidcrystals/textures1.html#ch13
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