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Rietveld refinement of the crystallographic structure of human dental enamel apatites
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INTRODUCTION

X-ray powder diffraction and chemical analyses show that
mammalian dental enamel apatite is an impure form of hy-
droxylapatite, Ca10(PO4)6(OH)2 (structure described in Elliott
1994). The major difference of enamel apatite from hydroxy-
lapatite is in the presence of about 3 wt% CO3. Details of the
crystallographic structures of carbonate-containing apatites
(including minerals) are important because CO3

2– ions increase
their reactivity, both in thermal and aqueous systems. For ex-
ample, enamel from a caries lesion contains less carbonate than
normal enamel. However, it is not clear whether this is be-
cause the mineral has dissolved and some reprecipitated with
less carbonate, or a more soluble, carbonate-rich fraction of
the mineral has preferentially dissolved. These possibilities can
only be distinguished if subtle structural changes can be char-
acterized.

Enamel apatite crystals are too small for single-crystal struc-
ture determination, but unit-cell contents have been deduced
from chemical analyses assuming that tetrahedral sites are full
(Table 1). The OH– ion content is deduced from the require-
ment for charge balance assuming that CO3

2– ions only replace
PO4

3– ions (except the last formula in which a small fraction
also replaces OH– ions). Compared to hydroxylapatite, these
formulae show a deficiency of ions in Ca2+ and OH– ion sites.
The loss of negative charge from the loss of OH– ions and re-
placement of PO43– by CO3

2– ions is balanced by loss of positive
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charge from Ca2+ sites.
Polarized infrared (IR) spectroscopy of sections of enamel

(reviewed in Elliott 1994) shows that the OH– ions lie parallel
to the c-axis, with evidence for perturbation of some OH– by
neighboring Cl– ions. Such studies also show that the CO3

2– ions
are oriented with respect to the apatite lattice and are probably
in two different environments. The majority of the CO3

2–
 ions

have their planes oblique to the c-axis and are thought to oc-
cupy the sloping faces of tetrahedral sites. The minority of ions,
comprising about 10% of the total, have their planes nearly
parallel to the c-axis and are thought to occupy sites in the
hexad axis channel.

The Rietveld whole pattern fitting method (Young 1993)
was applied to neutron and X-ray powder diffraction data de-
rived from the dense fraction (specific gravity >2.95) of pooled
human dental enamel (Young and Mackie 1980). These refine-
ments did not include CO32– ions and had equally spaced O at-
oms along the hexad axis at z = 0.0, 0.10, 0.2 or z = 0.05, 0.15,
0.25 whose occupancies were refined, instead of an OH– ion,
to represent scattering density along this axis. The structure
was very similar to hydroxylapatite, but lattice parameters, a =
9.441(2) and c = 6.878(1) Å, showed the well-known differ-
ences from hydroxylapatite (a = 9.4176 and c = 6.8814 Å,
Elliott 1994). Clear evidence exists for a difference in the scat-
tering density distribution along the hexad axis because enamel
showed a single maximum in X-ray scattering between z = 0.1
and z = 0.15 that was not seen with the neutron data. It was
suggested that this electron density resulted from H2O in some
orientational disorder and the known small quantity of Cl– ions*E-mail: r.m.wilson@mds.qm.ac.uk


