
American Mineralogist, Volume 85, pages 1534–1539, 2000

0003-004X/00/0010–1534$05.00      1534

INTRODUCTION

The crystal chemistry of apatites and related compounds
are of interest because such compounds are used as additives
in dental materials. Monofluorphosphate apatite is a promis-
ing candidate for investigation based on optical properties re-
ported by Mehta and Simpson (1975). Hydrothermal synthesis
at elevated pressures in sealed gold capsules (Mehta 1973;
Mehta and Simpson 1975) provides quantities insufficient for
dentistry. Our attempts to synthesize larger batches by solid
state reaction under normal pressure yielded single crystals
exhibiting optical properties identical to monofluorphosphate.
However, the single-crystal structure analysis proved this phase
to have diphosphate rather than monofluorphosphate groups.
The compound, Na2Ca2(P2O7)F2, belongs to a group of com-
pounds named after the mineral cuspidine Ca4Si2O7(F,OH)2

(Saburi et al. 1977). All previously known cuspidine members
were sorosilicates and the present phase is the first phosphate
compound having the cuspidine-type structure. Our investiga-
tion confirms experimentally what Fleet and Pan (1995) pro-
posed as the possible substitution of Ca2+ and Si4+ by Na+ and
P5+ in cuspidine type structures.

EXPERIMENTAL METHODS

Na2Ca2(P2O7)F2 single crystals were obtained by heating
mixtures of amorphous NaPO3 and CaF2 in stoichiometric pro-
portions (3:2) in an anhydrous atmosphere of N2 as well as O2.
The mixtures were heated between 693 K and 903 K for 12
hours each. Crystals suitable for single crystal structure in-
vestigations were obtained at 873 K. The diphosphate
Na2Ca2(P2O7)F2 represents about 90 wt% of the crystalline

phases. Other phases were detected listed in order of decreas-
ing abundance: fluorapatite Ca10(PO4)6F2, CaF2, Na4P2O7, and
amorphous NaPO3. The chemical composition of the single
crystals was determined by electron microprobe analysis
(Cameca SX50) with 15 kV accelerating voltage, 10 nA beam
current, a defocused beam and a counting time of 20 s. The
standards used for calibration were jadeite for Na, CaSO4 for
Ca, AlPO4 for P, topaz for F. The results for two different crys-
tals agree (Table 1) and represent an almost ideal stoichiom-
etry.

Preliminary investigations of presumedly single crystals
failed. All crystals exhibited platy morphology and normal
optical behavior with sharp extinctions under the petrographic
microscope. Precession photographs revealed orthorhombic
Laue symmetry with lattice constants of about ao = 7.42 Å, bo

= 20.45 Å, and co = 10.54 Å. The systematic absences indi-
cated in the extinction symbol C-c- with the three possible space
groups Cmcm, Cmc21, and C2cm. However, a structure deter-
mination using direct methods based on an intensity data set
recorded with an Enraf Nonius CAD4 diffractometer failed. At
this point twinning of the crystals was considered to explain
the problems in the structure determination. The crystal used
for the X-ray data collection was optically reinvestigated on a
petrographic microscope equipped with a Medenbach spindle
stage with internal refractometer. In this configuration, lamel-
lar twinning was observed which did not appear when the crystal
was viewed perpendicular to the plate. Consequently, this kind
of twinning by pseudo-merohedry could not be detected in the
preliminary studies. After, numerous samples were screened
by single crystal film techniques, a crystal was found clearly
deviating from orthorhombic symmetry. This indicates that the
volume fraction of the single twin individuals significantly dif-
fers from 0.5, resulting in precession photographs showing the
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ABSTRACT

The crystal structure of synthetic Na2Ca2(P2O7)F2 was solved from single crystal X-ray diffrac-
tion data and refined to R = 4.31% for 1234 independent reflections [I>2σ(I)]. The compound is
monoclinic with space group symmetry P21/n, a = 10.8730(21) Å, b = 10.5516(25) Å, c = 7.4287(13)
Å, and β = 109.74(2)° and twinned by pseudo-merohedry with m(100) as the plane of twinning which
was accounted for in the refinement calculations. The crystal belongs to the structure family of the
mineral cuspidine and represents the first phosphate member of this group. The structure is charac-
terized by ribbons of four MX6-octahedra (M = Na,Ca; X = O,F) running parallel to c. Within a
single ribbon the octahedra are linked by edge-sharing, whereas two adjacent ribbons are connected
via common corners. Further linkage results from the diphosphate groups, sharing each of the six
equatorial oxygen atoms with adjacent octahedral ribbons. Using the modular description usually
applied for the classification of cuspidine type structures the present compound belongs to the so
called type 5 and is the first representative of this class.
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