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1
Introduction

Owing to their abundance in nature (as phosphate ores) and presence in living
organisms (as bones, teeth, deer antlers, and the majority of various pathological
calcifications), calcium phosphates are inorganic compounds of special interest
to human beings. They were discovered in 1769 and have been investigated since
then [1, 2]. According to the databases in scientific literature (Web of knowledge,
Scopus, Medline, etc.), the total amount of currently available publications on the
subject exceeds 40 000 with an annual increase of, at least, 2000 papers. This is a
clear confirmation of their importance.
By definition, all known calcium phosphates consist of three major chemical

elements: calcium (oxidation state +2), phosphorus (oxidation state +5), and
oxygen (reduction state −2), as a part of the phosphate anions. These three
chemical elements are present in abundance on the surface of our planet: oxygen
is the most widespread chemical element of the earth’s surface (∼47mass%),
calcium occupies the fifth place (∼3.3 to 3.4mass%), and phosphorus (∼0.08 to
0.12mass%) is among the first 20 of the chemical elements most widespread on
our planet [3]. In addition, the chemical composition of many calcium phosphates
includes hydrogen, as an acidic orthophosphate anion (for example, HPO4

2−

or H2PO4
−), hydroxide (for example, Ca10(PO4)6(OH)2), and/or incorporated

water (for example, CaHPO4⋅2H2O). Regarding their chemical composition,
diverse combinations of CaO and P2O5 oxides (both in the presence of water and
without it) provide a large variety of calcium phosphates, which are differentiated
by the type of the phosphate anion. Namely, ortho-(PO4

3−), meta-(PO3
−),

pyro-(P2O7
4−), and poly-((PO3)n

n−) phosphates are known. Furthermore, in the
case of multicharged anions (valid for orthophosphates and pyrophosphates),
the calcium phosphates are also differentiated by the number of hydrogen ions
attached to the anion. Examples include mono- (Ca(H2PO4)2), di- (CaHPO4),
tri- (Ca3(PO4)2), and tetra- (Ca2P2O7) calcium phosphates. Here, one must
stress that prefixes “mono,” “di,” “tri,” and “tetra” are related to the amount of
hydrogen ions replaced by calcium [4–6]. However, to narrow down the subject,
only calcium orthophosphates (abbreviated as CaPO4) will be considered and
discussed.Their names, standard abbreviations, chemical formulae, and solubility
values are listed in Table 1.1 [7, 8]. Since all of them belong to CaPO4, strictly
speaking, all abbreviations in Table 1.1 are incorrect; however, they have been
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extensively used in literature for decades and, to avoid confusion, there is no need
to modify them.
In general, the atomic arrangement of all CaPO4 is built around a network of

orthophosphate (PO4) groups, which stabilize the entire structure. Therefore, the
majority of CaPO4 are sparingly soluble in water (Table 1.1); however, all of them
are easily soluble in acids but insoluble in alkaline solutions. In addition, all chem-
ically pure CaPO4 are colorless transparent crystals of moderate hardness but,
as powders, they are of white color. Nevertheless, natural minerals of CaPO4 are
always colored because of the presence of impurities and dopants, such as ions of
Fe, Mn, and rare earth elements [11, 12]. Biologically formed CaPO4 are themajor
component of all mammalian calcified tissues [13], while the geologically formed
ones are the major raw material to produce phosphorus-containing agricultural
fertilizers, chemicals, and detergents [14–16].
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