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Living organisms control crystallization of minerals using organic polymers to produce a variety of 
inorganic/organic hybrids such as seashells and bones. They shows hybrid structures composed of 
nano-crystalline calcium carbonate or calcium phosphate and biopolymers. Their formation processes 
have provided ideal models for control of crystal growth to development novel inorganic/organic 
hybrid materials. By using polymer additives and organic synthetic polymers to substitute for 
biopolymers involved in biomineralization, interesting hybrid materials have been developed.[1] In this 
presentation, inorganic/organic hybrid materials with regular ordered structures are shown. 

We have developed thin-film calcium 
carbonate/polymer hybrids by using polymer 
film matrices and water soluble additives (Fig. 
1a).[1,2] On the matrices of poly(vinyl alcohol) 
(PVA) derivatives bearing photoreactive 
moieties, hybrid films with hierarchically 
ordered and photoimaged structures were 
self-organized (Fig. 1b).[2,3] The polymorphs 
and regular structures of the CaCO3 crystals 
were tuned by the structures of the 
photoreactive matrices and the photoreaction. 
This approach can be used for controlled 
crystallization of other inorganic crystals.  

Nanostructured films composed of 
assembled nanorod crystals were formed in the 
matrices of PVA (Fig. 1c).[4] The formation of 
the aligned nanorods was induced by the 
annealed PVA matrix, forming PVA crystallites 
fused inside the matrix during the annealing 
process. It was assumed that these crystallites 
could serve as templates for the formation of the aragonite nanorod crystal formation.  

Hydroxyapatite (HAP) film with regular surface-relief structures were also obtained by 
crystallization using amorphous calcium phosphate and subsequent transition reaction.[5] Film crystals 
consisting of nanorod octacalcium phosphate (OCP) were self-organized on polymer matrix. Rapid 
and topotactic transformation of the obtained OCP films to HAP thin films has also been achieved by 
soaking of the OCP film into hot water (Fig. 1d). These results may provide new strategy towards the 
design of hybrid materials. 
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Fig. 1. Inorganic/organic hybrid materials formed by 
cooperation of polymer matrices and additives. 


