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Abstract
Bone is a natural nanocomposite. Its mineral component is nanocrystalline calcium phosphate
apatite, whose synthetic biomimetic analogs can be prepared by wet chemistry. The initially formed
crystals, whether biological or synthetic, exhibit very peculiar physicochemical features. In particular,
they are nanocrystalline, nonstoichiometric, and hydrated. The surface of the nanocrystals is covered
by a non-apatitic hydrated layer containing mobile ions, which may explain their exceptional surface
reactivity. For their precipitation in vivo or in vitro, for their evolution in solution, for the 3D organization of the nanocrystals, and for their consolidation to obtain bulk ceramic materials, water appears to
be a central component that has not received much attention. In this mini-review, we explore these key
roles of water on the basis of physicochemical and thermodynamic data obtained by complementary
tools including FTIR, XRD, ion titrations, oxide melt solution calorimetry, and cryo-FEG-SEM. We
also report new data obtained by DSC, aiming to explore the types of water molecules associated with
the nanocrystals. These data support the existence of two main types of water molecules associated
with the nanocrystals, with different characteristics and probably different roles and functions. These
findings improve our understanding of the behavior of bioinspired apatite-based systems for biomedicine and also of biomineralization processes taking place in vivo, at present and in the geologic past.
This paper is thus intended to give an overview of the specificities of apatite nanocrystals and their
close relationship with water.
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Introduction
Nanocrystalline apatites constitute the mineral portion of
bone and dentin (Gomez-Morales et al. 2013; LeGeros and
LeGeros 1984). In these biominerals, nanocrystals are composed
of a crystalline core of nonstoichiometric calcium phosphate
apatite, deriving from hydroxyapatite Ca10(PO4)6(OH)2 and
containing trace amounts of other mineral ions such as sodium,
strontium, fluoride, etc. This core is covered by a non-apatitic
ionic hydrated layer (Cazalbou et al. 2004a; Eichert et al. 2005,
2008; Jäger et al. 2006; Rey et al. 1989, 1990, 2007; Grossin
et al. 2010; Vandecandelaere et al. 2012; Gomez-Morales et al.
2013; Wang et al. 2013), conferring exceptional surface reactivity
that is exploited in vivo for regulating ionic concentrations in
body fluids in homeostasis processes (Bonjour 2011; Rey et al.
1989, 1990, 2009; Driessens et al. 1986). The overall composition of bone apatite can generally be satisfactorily described as
Ca10–x(PO4)6–x(HPO4,CO3)x(OH,½CO3)2–x with 0 ≤ x ≤2 (Eichert
et al. 2007; Rey et al. 2009), and compilation of cortical bone
analyses suggested the following averaged chemical composition
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(Legros et al. 1987): Ca8.3(PO4)4.3(HPO4,CO3)1.7(OH,½CO3)0.3.
In these formulas, carbonation can be present by substitution of
hydroxyl groups in the so-called apatitic-channels of the lattice
(A-type carbonates) or of phosphate groups (B-type). Labile
carbonate (LC) species corresponding to surface carbonate ions
within the surface layer can also be identified. The overall degree
of carbonation is low for early, immature apatitic deposits, but
it progressively increases up to several weight percent upon aging. For charge compensation, some PO3–
4 ions are substituted
by HPO2–
4 ions (which, in the apatitic lattice, occupy the same
type of sites as B-type carbonates).
It is possible to prepare biomimetic analogs to bone apatite,
either carbonate-substituted or non-carbonated, by soft chemistry using close-to-physiological synthesis routes such as
coprecipitation (Delgado-Lopez et al. 2012; Iafisco et al. 2011,
2012; Vandecandelaere et al. 2012; Pasteris et al. 2012). These
synthetic compounds not only help us to understand biomineralization phenomena, but also encourage the development of
bio-inspired materials for bone regeneration and, more recently,
in nanomedicine, e.g., for oncology (Drouet et al. 2015; Kramer
et al. 2014; Iafisco et al. 2012, 2013; Bouladjine et al. 2009), gene
delivery (Hossain et al. 2010; Sokolova et al. 2006; Chowdhury
and Akaike 2005) and hematology (Stefanic et al. 2017). For
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