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Abstract

Synthetic chukhrovite, Ca,AlSi(SO4)F ), * 12H,0 crystallizes in the cubic space group Fd3,
with @ = 16.710 (2)A and Z = 8. The structure was refined to R, = 0.028 and . = 0.025, using

481 nonzero reflections.

Al and Si are statistically distributed at the same site, M [16(d)], which is surrounded by six
fluorine atoms to form the octahedral group MF,. The remaining fluoride ion is surrounded
by a tetrahedron of Ca ions [F(1)-Ca = 2.411A] as in fluorite. The overall coordination of Ca
is seven with a geometry corresponding to that of a monocapped octahedron. Each corner of
the MF¢ octahedron is linked to a Ca coordination polyhedron and each Ca t-iyhedron
shares three corners with three different MF¢ octahedra. The SO, ion is surroundeu by 12 wa-
ter molecules, all of which are hydrogen-bonded to SO, oxygens. The most unusual feature of
this hydration is that all four faces of the SO, ion are linked to faces of Ca polyhedra via hy-

drogen bonding.
Introduction

The mineral chukhrovite occurs in the secondary
oxidation zone of the Kara-Oba molybdenum-tung-
sten deposit in central Kazakhstan. These crystals
have been described as face-centered cubic with a =
16.80A, crystal class T, = m3, and with typical oc-
tahedral habit (Ermilova et al., 1960). The chemical
composition was given as: Ca,AL(Y,RE)SO,F,,
- 10H,0, where RE may be a mixture of rare-earth
elements.

Crystals of similar composition and X-ray diffrac-
tion pattern to that of the mineral chukhrovite often
occur in t*. flter cake during the manufacture of
phosphoric acid. Lehr et gl. (1966) and Coates and
Woodard (1968) have published detailed descriptions
of this mineral. Coates and Woodard suggested that
these octahedral crystals are isomorphous with
chukhrovite. They reported a cell parameter of
16.75(5)A, space group Fd3, and gave the chemical
composition as: Ca,Bage(Y,La)oosAl 31 S107s
(SO 00F 150 - 10H,0. Meredith (1965), in his studies
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of the reaction of hydrochloric acid with phosphate
rock, reported a residual crystalline material with
the formula CaSO, - 1.5CaSiF, - AlF, - CaF,
- 12H,0. The X-ray diffraction pattern and the differ-
ential thermal and thermogravimetric analysis re-
ported by Meredith show that this material is similar
to our synthetic chukhrovite. H4jek and Benda
(1972) reported a synthetic material with the chem-
ical composition Ca,,Al,Si,(SO,),;F, - 45H,0 which
corresponds to Ca Al ¢, Si,3:(SO)F 5, - 15H,0.
Again, these are octahedral crystals with cubic sym-
metry and on the basis of the X-ray diffraction pat-
tern appear to be quite similar to our synthetic
chukhrovite.

Experimental

Our crystals of synthetic chukhrovite were pre-
pared as part of a factorial-designed experiment to
study the effect of F, Al, and Si on the precipitation
of chukhrovite (Frazier et al., 1977). In one of these
trials exceptionally large octahedral crystals of
chukhrovite were obtained (up to 200 pm along a) by
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~ Observed and calculated structure factors for Cag(Ae, Si)504F13-12 Hp0. The columns L, O,

and C are the values of 2, 10 F, and 10 F. respectively. Reflections with Fy < 30(Fgy) are
considered unobserved and are marked by *.
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