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One of the most common methods of changing 
the structure in liquid crystals is to introduce 
handednees, or chirality - the lack of mirror 
symmetry. This is common in nature and 
molecules such as glucose have a handedness. 
Making liquid crystals chiral can result in some 
fascinating outcomes. The simplest chiral liquid 
crystal phase is the cholesteric phase. 
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The structure of the cholesteric phase, in which the molecules 
twist with respect to one another, is shown opposite.  The 
spiral (or helicoidal) structure causes the selective reflection 
of visible light within a band of wavelengths of width 
Δλ centred at a wavelength λ0, such that: 

λ 0 = np,
Δλ = Δnp.  

p is the pitch of the helix, Δn is the birefringence and n  is the 
average refractive index. The effect is similar to Bragg 
reflection from thin films, but a band of colours are reflected 
making the effect brighter for selective reflection. The chiral 
structure of the cholesteric phase means that the reflected 
light is CIRCULARLY POLARIZED. 
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The pitch of the helix changes with temperature, so the colour reflected also changes 
with temperature – the materials are THERMOCHROMIC. Cholesteric devices are 
commonly used as thermometers, as well as in advertising, jewellery and cosmetics. 

One of the most striking examples of liquid crystals in biology is in beetles where 
cholesteric liquid crystals can be responsible for their bright iridescent colours. Only 
certain beetles have cholesteric liquid crystal films on their backs; some insects use thin 
film interference or diffraction effects to produce their brightly coloured outer coatings.   

The cholesteric layer in beetles is created in the late chrysalis stage from a liquid 
crystalline glandular secretion which hardens on their backs. The cholesteric reflecting 
layers are always formed as anticlockwise spirals! Mixed colours such as bronze are 
created by changing the pitch throughout the liquid crystal layer. In one beetle, the 
Plusiotis Gloriana, the optical system is very sophisticated. The anticlockwise reflecting 
layer interferes only with left circularly polarised light. Below the first reflecting layer is a 
non-twisted layer 1.8μm thick that transforms the transmitted right-circularly polarised 
light to left which is then reflected by a second cholesteric layer. Thus the reflectivity of 
this beetle is double that of beetles with only one cholesteric layer! 

Circular polarization is used in viewing some 3-D films. You can check whether the 
colours in a beetle are cholesteric by using 3-D glasses. Through one lens the colours 
will appear bright – this is the lens that allows left circularly polarized light through. 
When you look through the other (right handed) lens, the light is blocked and the beetle 
is dark! 
 

   


