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INTRODUCTION

The crystal structures of many minerals have been deter-
mined in detail using single crystal X-ray diffraction meth-
ods [see Gaines et al. 1997 and ICSD 2001 (Bergerhoff et al.
1983) for references] and this has enabled the stoichiometry
and crystal chemistry of these minerals to be fully established.
However, a number of minerals have, by virtue of their oc-
currence as microcrystalline masses, remained intractable to
structure elucidation by single crystal methods. In some cases,
when the symmetry is high, it has been possible to establish
the crystal structure from the powder diffraction data. There
remains, however, a group of microcrystalline minerals, of
orthorhombic, monoclinic, and triclinic symmetry, for which
crystal structures have not been determined.

The recent development of profile-fitting methods for X-
ray powder diffraction analysis, together with the develop-
ment of new software to accurately extract intensity data from
these patterns has made possible the ab initio determination
of the structure of microcrystalline inorganic compounds, for
example, Ga2(HPO3)3, (Morris et al. 1992), b-Ba3AlF9, (Le
Bail 1993), Bi(H2O)4(OSO2CF3)3, (Louër et al. 1997),
(UO2)3(HO3PC6H5)2·H2O, (Poojary et al. 1996), and recently
the mineral tinticite, Fe6(PO4)4(OH)6·7H2O (Rius et al. 2000).
These developments have also been enhanced by the avail-
ability of high-intensity synchrotron sources that permit high-
resolution powder diffraction patterns to be obtained from small
powder samples. Louër (1998) presents a review of the meth-
ods, problems and structure solution strategies for ab initio

determination of the structure of microcrystalline compounds.
As part of an on-going program we are investigating the

crystal structures of a number of phosphate and borate miner-
als that occur only in microcrystalline masses and we report
here the crystal structure of kingite.

PREVIOUS WORK

Kingite was first described by Norrish et al. (1957) from
the Fairview phosphate working near Robertstown, 150 km
N.N.E. of Adelaide, South Australia, where it occurs as small
fine grained nodules in soils formed from the weathering of
Cambrian-Precambrian limestones during the Tertiary period
(see also Mumme et al. 1984). Norrish et al. (1957) deter-
mined the formula to be Al3(PO4)2(OH,F)3·9H2O, by elemen-
tal analysis, and measured the specific gravity to be 2.27, but
were unable to index the powder diffraction pattern. They
noted that kingite undergoes partial dehydration between 120
and 160 ∞C and forms “meta-kingite,” Al3(PO4)2(OH,F)3·4H2O,
and they also noted a small amount of F replacing OH (less
than 1 wt% F) in their elemental analysis (see below). The
powder diffraction pattern was indexed with the aid of elec-
tron diffraction patterns by Kato (1970) on a triclinic cell
with a = 9.15(1), b = 10.00(1), c = 7.24(2) Å, a = 98.6(1), b
= 93.6(1), g = 93.2(1)∞, and V = 652(2) Å3. Kato (1970) noted
that the individual platelet-like crystals of kingite are between
0.5 and 1.0 mm in diameter at the type locality. Kingite has
since been found at a number of other phosphate deposits
(Anthony et al. 2000), most notably at Tom’s quarry near
Kapunda, approximately 90 km N.N.E. of Adelaide, South
Australia, where it occurs in some abundance as nodules up
to 50 cm in diameter. At all localities, kingite occurs only as* E-mail: Pring.Allan@saugov.sa.gov.au
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 ABSTRACT

The crystal structure of kingite, Al3(PO4)2(F,OH)2·8(H2O,OH), a secondary mineral from a
Cambrian-Precambrian phosphate deposit at Tom’s Quarry, near Kapunda, South Australia, has
been determined from a powder sample using synchrotron X-ray diffraction data. The structure
was determined ab initio by direct methods and refined to RBragg = 0.022 and Rwp = 0.039 using the
Rietveld method. The triclinic structure was solved and refined in the space group P1

–
, a = 9.377(1),

b = 10.113(1), c = 7.138(1) Å, a = 97.60(1), b = 100.88(1), g = 96.01(1)∞, V = 653.0(1) Å3 , Z = 2.
The structure of kingite contains finite strings of three corner sharing Alf6 octahedra (where f
represents O, OH–, F–, or H2O). These strings are cross-linked via PO4 tetrahedra to produce layers
that are perpendicular to [100]. The layers are linked via hydrogen bonding through H2O located
in the interlayer space. Kingite is shown to have a different stoichiometry to that reported earlier.
The relationship of kingite to the structures of wavellite, Al3(PO4)2(OH)3·5H2O, and mitryaevaite,
Al5(PO4)2[(P,S)O3(OH,O)]2F2(OH)2(H2O)8·6.48H2O, are briefly discussed.


