
72 Hydrogels

ratio, but with decreasing monomer concentration (Zhang et al. 2005). The latter 
illustrates the importance of the swelling ratio during the formation of the network 
(qo) on the final network toughness. 

The calculated toughness values obtained for hydrogels are small and accurately 
reflect the observed brittle nature of these materials. Techniques to toughen gels  
(for example see Naficy et al. 2011 and Zhao 2014) introduce additional mechanisms to 
dissipate energy during crack propagation. In ‘double network’ hydrogels the damage 
zone size is greatly increased so that many more network strands must be broken in 
propagating a crack. Other dissipation mechanisms involve viscoelastic effects and 
interactions with other phases in composite gels.

Conclusions 

Hydrogels are unique and extremely useful materials by virtue of their capacity to 
retain significant amounts of water. Swelling by water has a profound effect on the 
hydrogel properties and it is important to understand these effects for proper design of 
hydrogel materials. Great advances have been made in the relation of basic properties 
of hydrogels, including mechanical properties, swelling and transport properties, 
by considering the topological structure of the hydrogel network and the relevant 
thermodynamic relations. As a result, it is possible to predict with reasonable accuracy 
and within certain bounds, the equilibrium swelling ratios (and the effects of external 
stress), the modulus, the toughness and the diffusion rates of small molecules within 
the hydrogels. 
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