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The results of the group’s research will appear in the online edition of the magazine 
Nature Materials, published on December 2, 2014. 
 
Background 
Elastic substances are those with molecules that are more entangled in their natural state 
than they are when stretched by an external source, at which point their molecules 
become more regularly oriented without breaking or becoming deformed. The substances 
then return to their original unordered state when released. This property is known as 
‘entropic elasticity’, and is found in substances such as rubber, silicone, polyurethane and 
sulfur. A common structural feature of these substances is that their highly polymerized 
and very flexible straight chain polymers form strong cross-links through physical and 
chemical bonding when they are stretched and exposed to temperature changes. 
 
Oxide glass is widely used in application such as window glass, wherein the atoms are 
usually strongly linked in a lattice structure. If the glass is stretched at or above the glass 
transition temperature (Tg), the lattices are broken and rearranged, producing 
permanent deformation. Even if the force is removed, the glass does not resume its 
original shape. This structural difference from rubbery substances has meant that no 
oxide glass exhibiting entropic elasticity has been discovered, until now. 
 
Research findings 
Inaba and his team conducted experiments with a mixed alkali metal metaphosphate 
glass with the chemical composition Li0.25Na 0.25K 0.25Cs 0.25PO3. This oxide glass is 
isotropic and is hard and easily fractured at room temperature, in the same way as 
normal glass. However, when it is heated to the vicinity of the glass transition point Tg 
and then cooled in a stretched state, the glass becomes anisotropic – its physical 
properties become directionally dependent - due to the orientation of the straight chains. 
 
When the metaphosphate glass undergoes heat treatment at around Tg, it shrinks up to 
35%, but there is no change in volume. Furthermore, while many materials such as 
ordinary glass, ceramics and metals, are exothermic when contracted due to heat, the 
glass developed by the team is endothermic when it contracts. 
 
Metaphosphate glass, whose structure resembles that of organic rubber, exhibits a 
degree of contraction never seen before in oxide glass. It displays great anisotropy due to 
its straight chain orientation and reverts to its original structure when released. 
 
 

Fig. 1: When the anisotropic glass undergoes heat 
treatment at around Tg, the long side shrinks up to 
35%.  
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