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Abstract. M n S O 3 ,  M r -- 135.00, rhombohedral, R3, 
a = 7-912 (1) A, a = 109.241 (5) ° , Z = 6, D c = 3.50 
Mg m -3, ~t(Mo Ka) = 5.90 mm -l. R = 0.029 for 1152 
unique reflections. Mn 2+ is coordinated by six O from 
different SOl-  ions in a distorted octahedral con- 
figuration, M n - O  ranging from 2.151 (2)- 
2.242 (2)A. The sulfite ion has S - O  of 1.541 (2), 
1.540 (2) and 1.536 (2)A and O - S - O  of 103.23 (9), 
103.35 (9) and 103.52 (10) ° 

Introduction. In connection with studies on sulfites of 
Fe and Mn, the crystal structure of pink, rhom- 
bohedral MnSO a has been determined. The prep- 
aration of this compound, then designated a-MnSO 3, 
has been described elsewhere (Magnusson, Johansson 
& Lindqvist, 1981). The compound is isostructural with 
FeSO a, hereafter called a-FeSO 3 (Bugli & Carr6, 
1980). 

Intensities from a crystal, 0.22 × 0.22 × 0.22 mm, 
were measured with a Syntex P21 diffractometer, with 
graphite-monochromated Mo Ka radiation. Data were 
collected for sin 0 < 0.58 with the 0-20  scan technique 
and a variable scan rate from 2 to 14 ° min-k A total of 
1217 unique reflections were measured. Of these, 1152 
had I _> 3tr(I) and were used in subsequent cal- 
culations. Integrated intensities were obtained using a 
profile-analysis procedure (LELA; Lindqvist & Ljung- 
strfm, 1979) based on the Lehmann & Larsen (1974) 
method. A standard reflection measured after every 
fiftieth reflection showed no abnormal fluctuation. The 
intensities were corrected for Lorentz and polarization 
effects but not for absorption. A ~, scan over the 221 
reflection showed that the intensity decreased 35% 
when the crystal was rotated from the least to the most 
absorbing position. Of the space groups consistent with 
no systematically absent reflections, R3 was selected 
from the location and heights of the peaks in a 
Patterson synthesis, the position of Mn thus also being 
determined. The S and O atoms were located in a 
subsequent Fourier summation (FOUR; XTL, 1973). 
"Positional and anisotropic thermal parameters were 
refined to R = 0.029; R = 0.031 including unobserved 
reflections (BLOCK; Lindgren, 1977). Atomic coordi- 
nates and equivalent isotropic thermal parameters are 
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Table 1. Fractional coordinates and equivalent 
isotropic temperature factors (,~2) with e.s.d.'s in 

parentheses 

Beq = ~ ~ i ~ j b~r(ai, a i) (Hamilton. 1959). 

x "¢ 7. Beq 

Mn 0.36530 (5) 0.18610 (5) 0.68143 (5) 0.680 (6) 
S 0.35000 (7) 0.02485 (7) 0.21003 (8) 0-605 (9) 
O(1) 0.5535 (2) 0.2301 (3) 0.3405 (2) 0.88 (3) 
0(2) 0.3101 (3) -0.0203 (3) 0.3725 (2) 1.05 (4) 
0(3) 0.4127 (2) -0.1322 (2) 0.1190 (3) 0.95 (4) 

given in Table 1.* The structure factors were weighted 
according to w = (25 + F o + 0.025Fo~) -1. Scattering 
factors (Doyle & Turner, 1968) for Mn °, S o and O ° 
were used. Cell parameters were determined from 
powder diffractometer data with Pb(NOa) 2 as internal 
standard [apb~No3)2 = 7.8566 A at 294 K; International 
Tables for X-ray Crystallography. 19621.* Least- 
squares refinement of the unit-cell parameters was 
based on 25 reflections and carried out with the 
program POWDER (Lindqvist & Wengelin, 1967). 

Discussion. a-MnSO a is isomorphous with c~-FeSO 3 
(Bugli & Carr6, 1980), and its structure is illustrated in 
Figs. 1 and 2. In contrast to the yellow fl-MnSO a 
(Magnusson et al., 1981), a-MnSO 3 has the pink color 
typical of Mn 2+ salts, reflecting the distorted octahedral 
environment of Mn 2+. The structure consists of MnO 6 
octahedra and SO 3 groups linked together in a three- 
dimensional network, each Mn 2+ being coordinated by 
six O from different sulfite groups and each O 
coordinating two Mn 2+ ions. 

M n - O  distances in a-MnSO 3 are significantly longer 
than the corresponding F e - O  distances in o - F e S O  3 

(Bugli & Carr6, 1980), the average values in the two 
compounds being 2.203 (1) and 2.158/k respectively. 
This agrees well with reported values for the ionic radii 

* Powder data and lists of structure factors and anisotropic 
thermal parameters have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 35984 
(14 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 
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Fig. 1. A stereoscopic view of the structure (OR TEP; Johnson, 
1965). 
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Table 2. Some interatomic distances (/~) and angles (o) 

Mn-O( 1 ~) 2.151 (2) Mn-O(3 v) 2.181 (2) 
Mn-O(1 H) 2.228 (2) S-O(1) 1.540 (2) 
Mn-O(2 H~) 2.210 (2) S-O(2) 1.541 (2) 
Mn-O(2) 2.242 (2) S-O(3) 1.536 (2) 
Mn-O(3 Iv) 2.207 (2) 

O...  O distances 

O(l~)-Mn-O(1 ~) 85.58 (8) 2.919 (3) 
O(li)-Mn-O(2 i~l) 98.46 (6) 3.303 (2) 
O(l~)-Mn-O(2) 90.25 (6) 3.114 (2) 
O(l~)-Mn-O(3 ~v) 161.16 (6) 4.299 (3) 
O(l~)-Mn-O(3 v) 111.43 (67 3.579 (3) 
O(lli)-Mn-O(2 ~) 97.43 (6) 3.335 (2) 
O(l~)-Mn-O(2) 96.10 (7) 3.325 (3) 
O(l")-Mn-O(3 ~v) 79.93 (6) 2-849 (2) 
O(l~)-Mn-O(3 v) 162.02 (6) 4.356 (3) 
O(2H~)--Mn--O(2) 164.63 (7) 4.413 (3) 
O(2til)--Mn-O(3 i~) 74.86 (6) 2.685 (2) 
O(2~)--Mn--O(3 ~) 90.27 (6) 3.113 (3) 
O(2)-Mn-O(3 ~v) 100.46 (6) 3.420 (2) 
O(2)-Mn-O(3 ~) 74.72 (6) 2.685 (2) 
O(3~)-Mn-O(3 ~) 86-49 (3) 3.007 (1) 
O(1)-S-O(2) 103.23 (9) 2.415 (2) 
O(1)-S-O(3) 103.35 (9) 2.413 (2) 
O(2)-S-O(3) 103.52 (10) 2.417 (2) 

Symmetry code: (i) y,z,x; (ii) I - z, 1 - x, 1 - y; (iii) z, x, 1 + y; 
(iv) 1 - x, -y, 1 - z: (v) -y, -z, 1 - x. 

o f  Mn 2+ and Fe 2+ of  0 .80  and 0.76/~, respectively 
(Pauling, 1960). The sulfite ion in t t -MnSO 3 is only 
slightly distorted from the ideal C3v symmetry  (el Table 
2), which is in marked contrast  to the sulfite ion in 
fl-MnSO3 (Magnusson et al., 1981). This may be 

Of?hi) ~ o/ti9 

o(3iv I 

Fig. 2. The coordination of the Mn 2+ ion. Symmetry code as in 
Table 2. 

ascribed to differences in Mn-su l f i t e  coordinat ion in 
the two phases. In a - M n S O  3 no two O belonging to the 
same sulfite group coordinate  the same Mn 2+, as is the 
case in f l-MnSO a. Average values of  S - O  distances 
[1.540 (1) ~ ]  and O - S - O  angles [103 .4 (1 )  ° ] are 
quite similar to those reported for tt-FeSO 3 (1.543/~, 
and 103.0 o). 

References 

BUGLI, G. & CARRIe, D. (1980). Acta Cryst. B36, 
1297-1300. 

DOYLE, P. A. & TURNER, P. S. (1968). Acta Cryst. A24, 
390-397. 

HAMILTON, W. C. (1959). Acta Cryst. 12, 609-610. 
International Tables for X-ray Crystallography (1962). Vol. 

III. Birmingham: Kynoch Press. 
JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794. Oak 

Ridge National Laboratory, Tennessee. 
LEHMANN, M. S. & LARSEN, F. K. (1974). Acta Cryst. A30, 

580-584. 
LINDGREN, O. (1977). Thesis. Univ. of G6teborg. 
LINDQVIST, O. & LJUNGSTROM, E. (1979). J. Appl. Cryst. 12, 

134. 
LINDQVIST, O. & WENGELIN, F. (1967). Ark. Kemi, 28, 

179-191. 
MAGNUSSON, A., JOHANSSON, L.-G. & LINDQVIST, O. 

(1981). Acta Crvst. B37, 1108-1110. 
PAULING, L. (1960). The Nature of the Chemical Bond, p. 

518. Ithaca: Cornell Univ. Press. 
XTL (1973). Operations Manual, Syntex Analytical Instru- 

ments, Cupertino, California 95014, USA. 


