
17www.hoddereducation.co.uk/physicsreview16 Physics Review April 2021

Download this poster at   
www.hoddereducation.co.uk/physicsreviewextras

PhysicsReviewExtras

AT A GLANCE

3 Polymer molecules in an elastomer when 
(a) unstretched and (b) stretched
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9 Auxetic LCE films could be used to make 
solar panels more robust

7 The LCE shows auxetic behaviour at large strains
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4 Some liquid crystals undergo a phase change 
when heated or cooled
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5 Conventional materials become thinner when 
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New liquid crystals

In 2018 Devesh Mistry (1), while a PhD student at the 
University of Leeds, made a remarkable discovery. He 
unexpectedly made the first known auxetic liquid-crystal 

elastomer (LCE). 
An elastomer (elastic polymer) is a polymer material that 

returns to its original size and shape after being subjected 
to large strains (2). In the unstretched material, the long 
molecules lie in irregular coils (3). When the material is 
stretched the molecules straighten out, but spring back 
to their original arrangement when the stretching force is 
removed. 

8 The LCE molecules’ side branches account 
for its auxetic behaviour 

1 Devesh Mistry with his PhD supervisor 
Professor Helen Gleeson (University of Leeds)

2 Some elastomers can be stretched to several 
times their original length

6 Mistry’s thin-film auxetic LCE

Liquid crystals have properties between those of solid crystals 
and normal liquids. The background image shows liquid crystals 
viewed using polarised light. Molecules in a liquid crystal are 
arranged in an ordered structure (4), but the material may be 
able to flow. 

An auxetic material is one that becomes thicker when stretched, 
unlike conventional materials (5). 

Measurements of longitudinal strain, εx, and lateral strain, εz, 
describe how materials deform when stretched:

εx = 
Δx
x

  and  εz = 
Δz
z

  

The Poisson ratio, ν, is the ratio of two strains:

ν = – 
εz

εx

 

If the width decreases, εz is negative. When εz and εx have 
opposite signs, ν is positive. Conventional materials have 
ν = 0.5 for small strains and maintain a constant density when 
deformed. Auxetic materials have a negative Poisson ratio. 

Mistry had synthesised a thin-film LCE (6) using readily 
available chemical techniques. He was surprised to discover 
that, at longitudinal strains of about 0.9, it started to thicken (7). 
This auxetic behaviour was explained in terms of its molecular 
structure (8). 

The properties of LCEs can be engineered by adjusting 
their chemical make-up, and the Leeds team is exploring 
possible applications of auxetic LCE films. They could, for 
example, be used in solar panels (9), where they would 
thicken when deformed and stick more closely together, 
rather than shrinking and peeling apart as happens with 
conventional films.




