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Abstract. Manganese thiosilicate, = 26622,
orthorhombic, Pnma, a= 12-688 (2), b 7 -429 (2),
c—5942(1)A V=56012)A%  Z=4, D,=
3157 gem ™3, A(Mo Ka) = 0-71069 A, =
57-86 cm“‘, F(000) =512, T=298 K, R=0-041, wR
= 0-031 for 1734 unique reflections with F, > 40(F,).
Mn,SiS, crystallizes in the olivine structure type.
Mn—S bond lengths (octahedral coordination about
Mn) are in the range 2-555(1)-2-646 () A, Si—S
bond lengths (tetrahedral coordination about Sl)
2104 (2)-2-144 (1) A. The mean bond distances in
Mn,SiS, agree well with values found in other thio-
silicates.

Experimental. Mn,SiS, crystals were grown by
chemical transport using I, as transporting agent and
MnS, Si and Sg as starting materials. The reaction
was carried out in sealed quartz ampoules at 923/
873 K for two weeks. A dark-brown, transparent

* To whom correspondence should be addressed.

0108-2701/89/111808-02503.00

crystal, size 0-14 x 0.10 x 0-18 mm, was used for
data collection on a Syntex P2, diffractometer
operated in w-scan mode (Mo Ka, graphite mono-
chromator). Lattice constants were obtained from a
least-squares fit of 15 reflections in the range 36 < 26
<68°. Two standard reflections, measured every 50
reflections, showed no significant change during data
collection. 1919 reflections in the range 2 <26 < 80°,
0<h=<22,0<k =13,0=</=<9 were measured and
yielded 1734 unique reflections (R;, = 0-078), of
which 1256 were considered as observed [F,>
40(F,)]. The data were corrected for Lorentz and
polarization effects. A numerical absorption correc-
tion (transmission factors 0-5062 to 0-6200) with
SHELXT76 (Sheldrick, 1976) was applied. Secondary-
extinction effects were taken into account by
refinement of an empirical extinction coefficient X =
72(2) x 1077, F, = F(1 — XF,/sinf). As starting set
for the structure refinement, the coordinates of an
earlier determination by Hardy, Perez & Serment
(1965) were used, but yielded a rather high R value

© 1989 International Union of Crystallography
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Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?)

By = 87Uy, + Uy, + Uyy)/3.

Equipoint x y z B,
Mn(1) 4(a) 0 0 0 1-08
Mn(2) 4c) 0-22946 (5) i 0-51050 (12) 098
Si 4c) 0-40964 (9) i 0:09316 (19)  0-69
S(1) 4(c) 0-40710 (8) : 073915 (17) 075
S(2) 4(c) 0-56466 (7) H 0-23667 (18)  0-78
S(3) 8(d) 0-33299 (5) 0-02463 (8) 024595 (12)  0-78

and an unreasonably short Si—S distance (1-80 A).
In the course of our structure determination we
found that the Si position was incorrect; the correct
atom coordinates were determined by difference syn-
theses. With these coordinates the structure could be
refined to R=0-041, wR = 0-031 [full-matrix least-
squares refinement on F, w = 2:19/6*(F,), anisotropic
thermal parameters, 42 parameters]. The extreme
values in the final difference synthesis were 2-6,
—1-8 € A~? near the S atoms, (4/0),, in the final
cycle was 0-001. Atomic scattering factors for neutral
Si and S atoms were taken from SHELX76 (Shel-
drick, 1976), for Mn** from Cromer & Mann (1968),
anomalous-dispersion coefficients for all atoms from
Cromer & Liberman (1970). Geometric calculations
were performed with PLATON (Spek, 1982). Atomic
positions and equivalent isotropic thermal param-
eters are given in Table 1, bond distances and angles
in Table 2.*

Related literature. The compound Mn,SiS, was
described as of the olivine type by Rocktischel,
Ritter & Weiss (1964). The crystal structure of
Mn,SiS, was first determined by Hardy, Perez &
Serment (1965), but yielded an incorrect Si position.
The mean bond distances in Mn,SiS, from our work
agree well with those found in many other thio-
silicates, e.g. in Fe,SiS,, which also has the olivine
structure, the mean Si—S bond length is 2131 A
(Vincent, Bertaut, Baur & Shannon, 1975). The dis-
tortions of the polyhedra in Mn,SiS, [Si tetrahedron

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 52056 (9 pp.).
Copies may be obtained through The Executive Secretary, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Table 2. Bond distances (A) and angles (°)

Si tetrahedra
Si—S(1%)
Si—S(2)
Si—S(3), S(3%)*

2104 (2)
2:144 (1)
2139 (1)

S(1")—Si—S8(3), S(3)*
S(1"y—Si—S(2)
S(3—Si—S(3")
S(2)—Si—S(3), S(3")*

1147 (1)
114-3 (1)
1031 (1)
104-4 (1)

Mn(1) octahedra
Mn(1")y—S(1), S(1%)*
Mn(1")—S(2), S(2*)*

2:619 (1)
2:563 (1)

Mn(1")—S(3"), S(3")* 2:608 (1)

S(1), S(1"—Mn(1")y—S(2), $(2*)*
S(1), S(I"y—=Mn(1")—S(2"), S(2)*
(1), S(1)—Mn(1™;—S(3"), S(3*)*
S(1), S(1—Mn(1")—S(3"), S(3")* 958 (1)
S(2), S(2*)y—Mn(1"*}—S(3"), S(3")* 81-7 (1)
$(2), S2"y—Mn(1*)—S8(3"), S(3*)* 98:3(1)

878 (1)
92.2(1)
84-2(1)

Mn(2) octahedra
Mn(2)—S(2)
Mn(2)—S(3"™), S(3™)*

2:555 (1)
2:598 (1)

Mn(2)—S(1)
Mn(2)—S(3), S(3")*

2:632 (1)
2:646 (1)

S(2y—Mn(2)—S(3), S(3")*
S(2')—Mn(2)—S(3"), S(3*)*
S(3"y—Mn(2)—S(3")

S(3"), S(3")—Mn(2)—S(1)*

S(3), S(3*y—Mn(2)—S(3"), S(3*)*
S(1)—Mn(2)—S(3), S(3")*
S(3—Mn(2)—S(3")

S(2'y—Mn(2)—S(1)
S(3), S(3"y—Mn(2)—S(3"), S(3")*

93-7 (1)
93.4(1)
103-5 (1)
89-0 (1)
88-5(1)
83-2 (1)
785 (1)

176-0 (1)
1656 (1)

Symmetry code: (i) x~ 1,3 = y, 1= z; (ii) x, 3 — y, 2, (iii) § — x, —y, §+ z; (iv) } - x,
Sy it l-x iy 1-z (Vi) x, p, z— 1.

*Two equivalent distances or angles.

almost regular, Mn(1) octahedron less distorted than
Mn(2) octahedron] are comparable with those in
Fe,SiS, and many other olivine-type compounds.

We thank the Fonds der Chemischen Industrie for
financial support.
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