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Fig. 2. A schemratic representation of the corrugated Bi,Br, layer.

(Fig. 2). Cs(1) lies inside the layer, Cs(2) outside the
layer. The shorter Bi—Br(terminal) distances [2:713 (2)
A] and the longer Bi—Br(bridging) distances [2:979 (1)
Al are in reasonable agreement with the corresponding
distances found in some other bromobismuthates(III):
2.65 to 2-88 A and 3-02 to 3-13 A in bispiperidinium
pentabromobismuthate(III) (McPherson & Meyers,
1968), 2-64 A and 2.97 to 3-27 A in 2-picolinium
tetrabromobismuthate(III) (Robertson, McPherson &
Meyers, 1967) and 2-749 to 2-879 A and 2:979 to
3.006 A in potassium decabromodibismuthate(III)
tetrahydrate (Lazarini, 1977q). The structure of
Cs,Bi,1, is different (Lindqvist, 1968). Cs and I atoms
are in the hexagonal close-packed structure with Bi
atoms in pairs of adjacent octahedral holes, so that
complex Bi,I3~ anions are present.

I wish to thank Professor L. Goli¢ for his interest in
this investigation and for many helpful discussions. The
financial support of the Research Community of
Slovenia is also gratefully acknowledged.

Acta Cryst. (1977). B33, 2964-2966

CAESIUM ENNEABROMODIBISMUTHATEC(III)

References

CROMER, D. T. & L1BERMAN, D. (1970). J. Chem. Phys. 53,
1891-1898.

CROMER, D. T. & MaNN, J. B. (1968). Acta Cryst. A24,
321-324.

GINSBERG, A. P. & RoBIN, M. B. (1963). Inorg. Chem. 2,
817-822.

HOARD, J. L. & GOLDSTEIN, L. (1935a). J. Chem. Phys. 3,
199-202.

HoARD, J. L. & GOLDSTEIN, L. (1935b). J. Chem. Phys. 3,
117-122.

KiHara, K. & Supo, T. (1974). Acta Cryst. B30, 1088-
1093.

LARSON, A. C. (1967). Acta Cryst. 23, 664—665.

LazArINg F. (1977a). Acta Cryst. B33, 1954-1956.

LAazARINY, F. (1977b). Acta Cryst. B33, 1957-1959.

LINDQVIST, O. (1968). Acta Chem. Scand. 22,2943-2952.

McPHERSON, W. G. & MEvYERs, E. A. (1968). J. Phys.
Chem. 72, 532-535.

PowkeLL, H. M. & WELLS, A. F. (1935). J. Chem. Soc. pp.
1008-1012.

ROBERTSON, B. K., MCPHERSON, W. G. & MEYERS, E. A.
(1967). J. Phys. Chem. 71, 3531-3533.

STEwART, J. M., KRrRuGer, G. L., Ammon. H. L,
DickinsON, C. & HALL, S. R. (1972). The XRAY system
— version of June 1972. Tech. Rep. TR-192. Computer
Science Center, Univ. of Maryland, College Park, Mary-
land.

WaTsoN, B. H. & WASER, J. (1958). Acta Cryst. 11, 689—
692,

WELLS, A. F. (1975). Structural Inorganic Chemistry, 4th
ed. Oxford: Clarendon Press.

WESSEL, G. J. & 1lpo, D. J. W. (1957). Acta Cryst. 10,
466-468.

YAMATERA, H. & Naxkatsu, K. (1954). Bull. Chem. Soc.
Japan, 27, 244.

Z ACHARIASEN, W. H. (1963). Acta Cryst. 16, 1139-1144.

Manganese(II) Propionate Dihydrate

By T. Lis
Institute of Chemistry, University of Wroctaw, 50-383 Wroclaw, ul. Joliot—Curie 14, Poland

(Received 15 April 1977; accepted 24 May 1977)

Abstract. C,H,,OMn, monoclinic, C2/c, a
22-857(9), b = 6-645(3), ¢ = 14.057(6) A, B
114-28 (3)°, M, = 237-12, V = 1946.2 A}, Z=8,D,,
=1.61,D, = 1-618 g cm™3, u(Mo Ka, A = 0-71069 A)
= 14.2 cm~!. The Mn atoms are linked by a bridging
system that contains three types of bridges: a bidentate
C,H,COO- group, one O atom from a second
propionate group and one water molecule, to give
infinite, almost linear, chains parallel to b, with a

distorted octahedral Mn coordination and Mn—Mn
distances of 3-350 (1) A. The compound shows a
temperature-independent magnetic moment very close
to the value 5-9 BM (78-295 K). The structure was
refined to an R of 0.037 for 1537 diffractometer data.

Introduction. As part of our continuing study on the
stereochemistry of Mn—carboxylate complexes (Lis &
Jezowska-Trzebiatowska, 1977; Lis, Matuszewski &
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Jezowska-Trzebiatowska, 1977) our purpose is to
establish the relative variability of the mode of Mn?*
coordination by propionate ligands in the crystalline
state. Our study on propionate complexes of Mn in
higher valence states will be published later.

Single crystals of the compound were prepared by
evaporation of an aqueous mixture of freshly pre-
cipitated manganese(II) hydroxide and propionic acid.
Weissenberg photographs showed that the crystals are
monoclinic; the systematic absences were: hk/ for b +
k =2n + 1, hO!l for / = 2n + 1; space group C2/c or Cc.
An irregularly shaped crystal of approximate size 0-2 X
0-3 x 0-15 mm was selected for the data collection.
A Syntex P2, diffractometer and Mo Ka radiation with
a graphite monochromator were used for lattice-
parameter and intensity measurements. The intensities
were measured by the §-26 scan technique. After each
group of 40 reflexions the intensity of a standard
reflexion was measured and no significant change in
intensity was observed. The data were corrected for
Lorentz and polarization effects. Of 1966 accessible
reflexions in the range 7-0 < 20 < 53°, 1537 with I >
1-960(I) were used for the structure determination. All
calculations were performed with the Syntex XTL
structure-determination system (NOVA 1200 com-
puter and additional external disc memory). Neutral-
atom scattering factors used were those listed in Inter-
national Tables for X-ray Crystallography (1974).

The heavy-atom method was employed for the phase
determination. A satisfactory solution was obtained in
space group C2/c with the Mn atom in a general
position with x ~ 4,y ~ 0, z ~ L& All non-H atoms were
found from several Fourier and difference-Fourier
syntheses. Full-matrix least-squares refinement first
with  isotropic, then with anisotropic thermal
parameters gave R = 0-083 and 0-047 respectively. A
difference-Fourier synthesis at this stage showed all H
atoms. Further refinement with fixed parameters for H
atoms (for all B = 3.5 A?) reduced R to 0-037 and R,
to 0-036. The final atomic coordinates and their
estimated standard deviations are listed in Table 1.* A
final three-dimensional difference-Fourier synthesis was
quite featureless.

The crystal structure is depicted in Fig. 1, which also
gives the numbering scheme used in the text. The
principal bond lengths and angles are presented in
Table 2.

Discussion. The crystal structure, which is defined by
the unit-cell dimensions, the positional parameters of
Table 1, and the space-group symmetry operations,
consists of infinite, almost linear chains of Mn ions

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 32730 (16 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 13 White Friars, Chester CH1 1NZ, England.
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Table 1. The final positional parameters with standard
deviations in parentheses

Positional parameters are given as fractions of cell edges x 10°.
The hydrogen atom positions (x 10%) are unrefined.

X y z
Mn 23987 (2) 1577 (7) 23995 (4)
H,0(1) 30749 (11) 25379 (32) 36066 (16)
H,0(2) 17225 (13) 25457 (36) 43938 (20)
o(1) 28406 (11) 9353 (32) 13519 (17)
0(2) 30125 (11) 42297 (33) 15638 (18)
0(3) 31670 (11) —21175 (31) 30268 (17)
0(4) 39670 (10) 875 (36) 36273 (18)
c\) 30922 (16) 25304 (50) 12252 (23)
C(Q2) 35344 (18) 24415 (52) 6685 (28)
c@3) 42124 (21) 20468 (77) 14344 (38)
c@) 37708 (16) —16515 (49) 34007 (25)
C(5) 42394 (18) —33471 (57) 35668 (34)
C(6) 49326 (20) —27526 (69) 40118 (42)
H(1) 341 182 364
H(2) 318 273 432
H(3) 193 364 432
H(4) 193 136 432
H(5) 352 370 23
H(6) 339 110 18
H(7) 410 ~410 295
H(8) 412 —445 385
H(9) 420 90 205
H(10) 432 318 182
H(11) 455 182 114
H(12) 523 —410 409
H(13) 500 —182 477
H(14) 500 ~182 341

Fig. 1. The crystal structure projected on the (001) plane.
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Table 2. Interatomic distances (A) and angles (°) with
estimated standard deviations in parentheses

Symmetry code: () §— x, 4 + y, 3 —z; (i) § —x, -5+ y, 5 — 2.

Mn—0(1) 2.163(3) Mn—O(2") 2-125 (3)
Mn—0(3) 2.208(2) Mn—O(3) 2-162 (2)
Mn—H,0(1) 2.369 (2) Mn—H,0(1") 2.223(2)
o(1)—C(1) 1.253(4) O(2)—C(1) 1-267 (4)
Cc(1)-C(2) 1.512(6) C@)—C(3) 1.502 (7)
0(3)-C(4) 1:296 (5)  O(4)—C(4) 1.233 (5)
C(@)—C(5) 1.505 (5) C(5)—C(6) 1.498 (7)
O(1)-Mn—-O(2"  176-8 (1) O(1)~Mn—O(3) 85-3(1)
0(1)-Mn—-0(3") 90-3(1) O()-Mn—H,0(l)  88.8 (1)
O(1)-Mn—H,0(1")  89-7(1) O@2"H—Mn—-0O(3) 91-8 (1)
0(2")~Mn—0(3') 92.9(1) O(2")~Mn—H,0(1) 926 (1)
0(2))-Mn—H,0(1") 88.4 (1) O(3)~Mn—0(3)) 166-2 (1)
O(3)-Mn—H,0(1)  89-6(1) O(3)-Mn—H,0(1")  79.5 (1)
0(3)-Mn-H,0(1)  77:2(1) O(3)»Mn—H,0(1% 113-6(1)
H,0(1)—

Mn—H,0(1") 169-1 (1)

O(1)-C(1)-0(2)  123-7(4) O(1)-C(1)-C(2)  119-0(3)
0()-C(1)-C(2)  117.3(3) C(I)-C@)~C(3)  110-4 (4)
0(3)-C(4)-0(4)  122-8(4) O(3)—-C@)-C(5)  117-1(4)
0(4)—-C(4)—C(5)  120-1(4) C@)-C()-C(6)  115-5(4)

parallel to b. The Mn atoms have distorted octahedral
geometry and are linked by three different kinds of
bridges. It is apparent (Fig. 1) that there are two
propionate bridges of different kinds. One type bridges
Mn atoms as a bidentate ligand, and in the second
propionate group only one O atom is the bridging
atom. The Mn—O(propionate) distances vary from
2.125 (3) to 2-208 (2) A. The third bridging group is
the H,0(1) water molecule, giving one longer and one
shorter Mn—O bond of 2-369 (2) and 2-223 (2) A,
respectively.

All bond lengths and angles in the C,H,COO-
groups are unexceptional. The C—O bond lengths in the
bidentate propionate group are equivalent [1-253 (4)
and 1-267 (4) A]. The monodentate carboxylate group
appears to be unsymmetric, with a C(4)—0(4) bond of
1-233 (5) A, close to the expected double-bond value.

In addition to the polymeric nature of the structure
there is a network of hydrogen bonds utilizing the lone
water of hydration, H,0(2), holding the polymeric units

MANGANESE(II) PROPIONATE DIHYDRATE

Table 3. Geometry of the hydrogen bonds
(in A and degrees)

Symmetry code: () $—x, §+y, 4~z (i) 4—x, —3+y, $—2z;
(i) i—x,i—y, 1 -z

X-H...¥ X-.Y X-H H---Y /X-H...Y
H,0(1)-H(1)-0(4) 2:600(3) 089 1.72  170-1
H,0(1)-H(2}-H,0Q2") 2.655(3) 0-94 1.79  164-5
H,0(2)-H(3}-0(1") 2.834(4) 090 197  159.7
H,0(2-H@#)-0(2")  2.776 (3) 095 1.92  148.6

together. All four H atoms from two different water
molecules are involved in hydrogen bonding and their
parameters are summarized in Table 3.

It is noteworthy that the crystal structure of
Mn(C,H;CO0),.2H,0 is quite different from the
crystal structures of Mn(CH,C0O),.4H,0 (Bertaut,
Tranqui, Burlet, Burlet, Thomas & Moreau, 1974) and
Mn(HCOO),.2H,0 (Osaki, Nakai & Watanabé,
1964).

The Mn—Mn distances of 3-350 (1) A indicate that
no metal-metal interaction occurs. To investigate the
effect of intra-chain superexchange interactions, we
have measured the temperature variation of the
magnetic susceptibility between 78 and 295 K. The
investigated compound has a temperature-independent
magnetic moment very close to the spin-only value (5.9
F 0-1 BM), which suggests that there is no super-
exchange within this temperature range.
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