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Liquid Crystals
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Liquid crystalline 
phases
The nematic phase is formed by rod-
like molecules. At high temperature, 
the orientation of the molecules is 
completely random, and the system 
is an isotropic liquid. With 
decreasing temperature, the 
molecules start to orient in a 
common direction and form the 
nematic phase. 

The nematic phase is an anisotropic 
liquid: its optical, electrical, and 
magnetic properties are anisotropic 
like a crystal, yet the system is still in 
a liquid state and can flow.
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Common nematics
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Orientational distribution 
function

Let us consider the distribution of the molecular orientation. Let u be a 
unit vector in the direction of the long axis of the molecule. In the 
isotropic phase, u will be uniformly distributed on a unit sphere |u| = 1.
In the nematic phase, the distribution of u becomes non-uniform on the 
sphere. Let ψ(u) be the distribution function of u on the unit sphere. It is 
normalized as

∫ du ψ(u) = 1 

where du= sinθdθdϕ stands for the surface element of the sphere |u| = 
1, and the integral is over the entire surface.
In the isotropic phase, ψ(u) is constant, independent of u, and therefore 

 ψ(u) =1/4π

On the other hand, in the nematic phase, ψ(u) will be oriented toward 
the direction of the director n, and ψ(u) becomes anisotropic.
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Order parameter
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Order parameter
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Birefringence: The colorful patterns arise 
due to the birefringent nature of liquid 
crystals, which split polarized light into two 
rays traveling at different speeds. When 
these rays recombine, they interfere, 
producing characteristic colors that 
depend on the molecular orientation and 
sample thickness.

Defects and Director Fields: The observed 
textures provide insights into the director 
field configurations and the presence of 
defects. For instance, the number and 
arrangement of brushes in schlieren 
textures can help determine the type and 
strength of disclinations.

Textures
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Maier-Saupe
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MS Free energy

F = E -TS
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Boltzmann 
distribution for ψ
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Details of the SC 
solution 

Wmf (u) = - U S uz
2 + C
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MS order 
parameter
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Graphical solution
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Free energy
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Landau-de Gennes
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External magnetic 
field
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Discotic and rod 
like particles
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Response in the 
disordered phase
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Response in the 
ordered phase
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Elastic energy
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Isotropic state
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Correlation length
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Frank elastic 
energy
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Splay, Twist and Bend
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Onsager
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