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Crystal structure I Wollastonite-2M I Ca3[Si309]

Abstract. The structure of woBastonite-2M from Death ValJey, CaJifornia,
USA, Ca3[Si30g], is monoclinic with space group P21!a, a = 15.409(3),
b=7.322(1), c=7.063(1)A, {3=95.30(2)', Z=4 and Dx=2.92g cm-3, and was
refined to R (unweighted) =0.038 and R(weighted)=0.031 using 3886 non-
equivalent reflections. WoBastonite-2M contains dreier single chains. Si-O
distances vary between 1.580(2) and 1.664(2) A (mean 1.627 A), Ca-O
distances between 2.224(2) and 2.640(6) A (mean 2.395 A).

Introduction

CaSi03 exists in two structuralJy quite different forms. The phase stable
above ca. 1150 °C is a cyclosilicate calJed pseudowoBastonite or (X-woBasto-
nite, which contains rings of three corner-shared [Si04]tetrahedra. Depend-
ing on the stacking arrangement of the [Si30g]rings and cations a number
of polytypes of pseudowoBastonite have been described (Yamanaka and
Mori, 1981).

Below ca. 1150 °C CaSi03 contains dreier single chains, i.e. chains with
three [Si04]tetrahedra in the repeat unit. A series of polytypes have been
reported with different packing arrangements of the single chains (Wenk,
1969; Henmi et a!., 1983). These polytypes are calJed {3-wolJastonite or
wolJastonites and are distinguished by the symbols nT and nM, where T and
M stands for triclinic and monoclinic symmetry of the polytype and n
indicates the number of subceBs with dsubcell(100) c:::.7.7 A in the unit cell of the
polytype. The polytype 2M is often calJed parawolJastonite. In both series of
polytypes (X-as weB as {3-wolJastonite exist disordered phases. First X-ray
studies of pseudowolJastonite have been carried out by Jeffery and HeBer
(1953) and the structure has been determined by Yamanaka and Mori (1981).
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The structure of wollastonite-l T has been proposed by Dornberger-Schiff et
al. (1954) and determined by Mamedov and Belov (1956), refined by Buerger
and Prewitt (1961) and Ohashi and Finger (1978), that of wollastonite-2M by
Tolliday (1958), and Trojer (1968). The structures of the higher polytypes 3T,
4T, STand 7T of wollastonite have been described by Henmi et al. (1983) and
Henmi et ai. (1978).

The aim of this refinement of wollastonite-2M is to comment on the large
differences in Si -0 distances and 0 -Si -0 angles of Trojer's structure
determination.

Experimental

A specimen of parawollastonite crystals from Death Valley, California, was
kindly provided by H.-R. Wenk. A crystal measuring 0.125 x 0.175 x 0.275 mm
was used for data collection on an automatic Philips PW 1100 four-circle
diffractometer with graphite-monochromatized MoKIX radiation (2 = 0.7107)
and w - 2 e (emax= 500). The intensities of 9122 non-equivalent reflections
were measured; 3886 of these had I> 3 a(I) and were implied in the
subsequent refinement. The standard deviations, a(I), were estimated using
the formula of Stout and Jensen (1968). Refined cell dimensions were
determined with the program LA T written by Hornstra and Vossers
(1973/74). Lorentz, polarization and absorption corrections (Busing et aI.,
1957) were applied [/i(MoKIX)=24.56cm-1]. The structure was refined
by full-matrix least-squares analysis with the program SHELX-76 (Sheldrick,
1976), starting with the atomic coordinates given by Trojer (1968). The
atomic scattering factors were taken from the International Tables for
X-ray Crystallography, VoL IV, 1974, for neutral atoms. Anisotropic
refinements of the crystal structure converged at R (unweighted) = 0.038
and R(weighted) =0.031 {R(weighted)=.rY;-OFol-IFcj]/.rY;-!Fo!, w=
1/a2}. Final atomic parameters are given in Table 1, bond lengths and angles
in Table 2. A list of observed and calculated structure factors can be obtained
from the author.

Results

In Table 2 the bond lengths d(Si - 0) and d(Ca - 0) and the bond angles
o -Si -0 and Si -0 -Si obtained are compared with those reported
by Trojer. The ranges iJd=dmax -dmin and iJ 1: = 1:max-1':min obtained
(0.084 A, 0.416 A and 19.8°) are considerably smaller than the corresponding
ranges given by Trojer (0.234 A, 0.727 A and 33.3° respectively) and indicate
that the [Si04]tetrahedra and [Ca06]polyhedra are less distorted than
reported.
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