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conditions than those used in today’s industry. The proteins responsible for biological silica 
synthesis have received a lot of attention recently, including their very own name, “silicateins” 
(Shimizu et al. 1998; Shimizu and Morse 2000; Weaver and Morse 2003; Pozzolini et al. 2004). 
In this section, we will focus on nacre and promote our opinion that the key to nacre formation 
lies at the organic-mineral interface. Understanding the role of that interface is thus pivotal to 
the development of biomimetics, that is, the ! eld that imports biologically inspired concepts 
and mechanisms into the design and fabrication of new materials.

The nano-structure of nacre

Mollusk shell and pearl nacre presents a highly regular brick and mortar arrangement in 
which aragonite tiles, 500 nm thick along the c-axis, 10-20 µm wide along the a and b axes 
(Mann 2001), and polygonal in shape, form extremely " at layers (Fig. 14). Subsequent layers 
of aragonite tiles and organic matrix, composed of silk-like proteins and glycoproteins, keep 
alternating across the entire thickness of the nacreous layer (Currey 1977; Jackson et al. 1988; 
Schäffer et al. 1997).

The regularly repeating layering of nacre, the semi-transparency of aragonite and the pitch 
of this periodic structure (500 nm), which falls in the middle of the visible light wavelength 
range (400-700 nm), all combine to generate the iridescence typical of mother of pearl. As 
the observation angle varies, the color perceived changes due to the variation in apparent 
spacing between the semi-transparent layers of crystals. Furthermore, there is considerable 
crystallographic alignment, with the c-axes of most tiles lying in the direction perpendicular 
to the tiled planes. Aragonite is an orthorhombic polymorph of CaCO3, whereas the outer 
prismatic layer of all mollusk shells is formed by columns of the trigonal-rhombohedral calcite 
polymorph. In the prismatic layer the c-axes are along the long axis of each prismatic column, 
perpendicular to the shell surface and parallel to the nacreous layer c-axes. Epithelial cells form 
a layer along the inner surface of the shell, called mantle, and secrete all the macromolecules 
of the organic matrix (see Figs. 15 and 16).

Mechanically nacre is stiff and resistant to fracture; it therefore combines the behavior 
of " exible materials that can absorb energy by rearranging their molecular conformation 
(distortion and deformation), and that of hard and stiff materials. On the other hand, it does not 
suffer from the limitations of its components, as it is neither compliant (as most soft materials) 

Figure 14. SEM micrograph of red abalone nacre tiles seen at a fractured edge.


