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a fixed Ui, of 008 A?) and refined on F by the
full-matrix least-squares method to R =0-0531, wR
=0-0421, w=1/g*(F), S=103; (4/F)max = 0-000;
(4P)max = 094, (4p)min= —0-56 e A73. All calcula-
tions were performed on a VAX 3200 using the
SHELXTL-Plus88 package (Sheldrick, 1988); atomic
scattering factors from SHELXTL-Plus88.

Discussion. Final atomic coordinates and equivalent
isotropic atomic displacement factors are listed in
Table 1.* The structure contains the centrosymmetric
[MogClg(OC,H,)s)*~ anions shown in Fig. 1. To a
first approximation the clusters together with the
sodium ions form PdCl,-type chains which are
arranged parallel to [010] to form a hexagonal-rod

packing. The [MogClg]** core is coordinated by six

terminal (E)-cinnamyl alcoholate ligands. Averaged
values for dyo_mo =2607 A and dy,_c = 2493 A
are comparable to those found for the MosCE;
anion in salts with monovalent organic cations like
tetrabutylammonium or tetraphenylphosphonium
(Perchenek & Simon, 1990), indicating that exchange
of the terminal halide for alcoholate ligands does not
lead to major changes of the bonding relationships in
the [MoeClg]** unit; the averaged value for dy;,o =
2:037 A is similar to the one in [MogCls(OCH;)e*~
(Chisholm, Heppert & Huffman, 1984). Individual
bond lengths and angles are listed in Table 2.

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters and a complete list of bond lengths and angles
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 54329 (24 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Na,MocClg(OCsHy)s]. CaHyOH.3CH,CN

‘According to Fig. 2 the sodium ion is located in a
distorted tetrahedron formed by two oxygen atoms
of cluster-bonded (E)-cinnamyl alcoholate ligands,
one nitrogen atom of a solvent acetonitrile or an
oxygen atom of a solvent (E)-cinnamyl alcohol mol-
ecule, respectively. This disorder in the solvent
coordination yields a simple explanation for the
observed twofold disorder of the cluster-bonded
alcoholate ligand which is nearest to those channels
containing the disordered solvent molecules. The
Mo—Mo distances in the cluster range from
2:596 (2) to 2-623 (2) A. This differentiation of bond
lengths is unexpected as the cluster has a closed-shell
configuration with 24 electrons in metal-metal
bonding states and should therefore be regular.
Compounds containing distorted Mog octahedra
with 24 electrons have been reported before, e.g.
M06C110Y (Y= S,Se,Te), with dMo—Mo in M06CIIOSe
ranging from 2:598 (1) to 2626 (1) A (Perrin,
Sergent, Le Traon & Le Traon, 1978).- While the
distortion of the Mog octahedron in MogCl,eSe is
obviously due to interconnection of the clusters via
bridging atoms, no such explanation can be thought
of for the molecular title compound.
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Structure of Diaquabis(i,24propanediamine)nickel(II) Dibromide Dihydrate
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Abstract. [Ni(C3H]0N2)2(H20)2]B1'2.2H20, Mr =
438-83, monoclinic, P2,/c, a=751009), b=
16-264 (6), ¢=7632(3)A, B=11326(6)°, V=
857 (1) A%, Z=2, D, =170 Mg m~3, Mo Ka radia-
tion (graphite crystal monochromator, A=
0-71073 A), u(Mo Ka) =577 mm™, F(000) = 444,

* Address for correspondence.

0108-2701/91/112356-03$03.00

T=293 K. Final conventional' R =0-044 for 943
observed reflections and 95 variables. The Ni—N
distances, 2:106 (6) and 2099 (6) A, are typical for
pseudo-octahedral coordination and the N—Ni—N
bite angle is 83-3(2)°. The Ni—N distances are
slightly different due to the effect of the asymmetric
C-substitution, showing a similar behaviour to the:
2-methyl-1,2-propanediamine complexes.

© 1991 International Union of Crystallography
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Introduction. In the course of our investigations on
transition-metal complexes, mainly Ni'' but also
Cu" and Co", with C-substituted ethylenediamines
as ligands, we have reported several crystallographic
studies on complexes within this series (Garcia-
Granda, Diaz, Barrio & Gobmez-Beltran, 1990;
Garcia-Granda, Diaz & Gomez-Beltran, 199054,
1991). Although many crystal structures of these
complexes have been published, there is no report, as
far as we know, of crystal structures of Ni'' com-
plexes containing 1,2-propanediamine (pn) as the
ligand, probably due to difficulties in crystallization.
In order to explain the spectroscopic behaviour of
these complexes, we have undertaken the crystal
structure determination of a Ni" complex with 1,2-
propanediamine.

Experimental. Blue crystal, 0-01 x 0-16 x 0-23 mm.
Mo Ko radiation, graphite crystal monochromator,
Enraf-Nonius CAD-4 single-crystal diffractometer.
Unit-cell dimensions were determined from the angu-
lar settings of 25 reflections with 5 < 8 < 18°. Space
group P2,/c from systematic absences. 2820 reflec-
tions were measured, hk/ range — 10, 0, 0 to 10, 22,
10, 0 < 6 < 30°. @28 scan technique with a variable
scan speed and a maximum scan time of 60s per
reflection. Intensity was checked by monitoring three
standard reflections every 60 min. Final drift correc-
tions were between 0-99 and 1-02. On all reflections
profile analysis was performed (Lehmann & Larsen,
1974; Grant & Gabe, 1978); empirical absorption
correction applied, using ¢ scans (North, Phillips &
Mathews, 1968), correction factors range from 0-54
to 1-50. Some doubly measured reflections were aver-
aged, R;, = 0-042, 2479 unique reflections and 943
observed with I> 30(J). Lorentz and polarization
corrections applied and data reduced to |F,| values.
Structure solved by Patterson interpretation using
the program SHELXS86 (Sheldrick, 1985) and
Fourier synthesis. Isotropic least-squares refinement,
using SHELX76 (Sheldrick, 1976), converged to R =
0-12. At this stage an additional empirical absorption
correction was applied (Walker & Stuart, 1983); the
maximum and minimum absorption correction
factors were 1-50 and 0-54, respectively. Further
anisotropic refinements followed by a difference
Fourier synthesis allowed the location of some H
atoms, the rest were geometrically placed. Positional
parameters and anisotropic thermal parameters for
the non-H atoms were refined. All H atoms were
refined isotropically with a common thermal param-
eter and riding as rigid groups on their parent atoms.
The final conventional agreement factors were R =
0-044 and wR =0-046 for the 943 observed reflec-
tions and 95 variables. Function minimized >w(F, —
F)?, w=1/[o*F,) + 0-00080F? with o(F,) from
counting statistics. Maximum shift to e.s.d. ratio in
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Table 1. Fractional positional and thermal parameters
with e.s.d.’s in parentheses

U, =(1/3)2,2,U,;a*a*a,a,

x y z Ueq (A2 % 10%)
Ni(l) 0-00000 0-00000 0-00000 3-18 (5)
Br(1) 0-3564 (1) 0-11362 (6)  0-5858 (1) 508 (4)
o) 0-2664 (8) 00645 (3) 01313 (7) 45Q)
N(I) -0-0771 (9) 0-0242 (4) 0-2320 (8) 39 (3)
N(2) —0-147 (1) 0-1108 (4) —0-1047 (8) 4-5(3)
() -0-229 (1) 0-0908 (5) 0172 (1) 49 (4)
C(2) -0-176 (2) 0-1510 (5) 0-055 (1) 5-6 (4)
C(3) —0-247 (2) 0-1296 (6) 0-347 (1) 64 (4)
o) 0223 (1) 02004 (4) 0-904 (1) 68 (3)

Table 2. Bond lengths (A) and bond angles (°) with
e.s.d.’s in parentheses

Ni(1)—O(1) 2127 (5) N2)—C(2) 1-48 (1)
Ni(1)—=N(1) 2-106 (5) C(1y—C(2) 1-48 (1)
Ni(1)=N(2) 2099 (6) C(1)—C@3) 1-53 (1)
N(1)—C(1) 1-51 (1)

O(1)—Ni(1)—N(1) 91-8 (2) N(H—C(1)—C(2) 108-0 (7)
O(1)—Ni(1}—N(2) 90-6 (2) N(1)—C(1)—C(3) 1104 (7)
N()—Ni(1)—N(2) 83:3(2) C(2)—C(1)—C(3) 1130 (8)
Ni(D—N()—C(1) 1078 (4) N(2)—C(2)—C(1) 1117 (7)
Ni()—NQ@)—C(2)  107-0 (5)

the last full-matrix least-squares cycle was less than
0-004. Final difference Fourier map showed no peaks
higher than 0-81 or deeper than —0-70e A3,
Atomic scattering factors from International Tables
for X-ray Crystallography (1974, Vol. 1V). The plot
was made with PLUTO (Motherwell & Clegg, 1978).
Geometrical calculations were made with PARST
(Nardelli, 1983). All calculations were made on a
MicroVAX 3400 computer at the Scientific
Computer Center of the University of Oviedo.

Discussion. Final atomic parameters and bond
lengths and angles are given in Tables 1 and 2
respectively.* A PLUTO (Motherwell & Clegg, 1978)
drawing of the complex cation giving the atomic
numbering scheme is shown in Fig. 1. The central Ni
atom is pseudo-octahedrally coordinated to two 1,2-
propanediamine molecules and two water molecules
in trans positions. The complex molecule is centro-
symmetric, with the central Ni atom on a crystallo-
graphic center of symmetry. It is the first complex,
within our series, of C-ethylenediamine derivatives
and Ni" with a bromide cation which exhibits
pseudo-octahedral coordination (Garcia-Granda,

* Lists of structure amplitudes, anisotropic thermal parameters,
H-atom parameters, distances and angles involving H atoms,
hydrogen-bond distances and angles, least-squares-planes data
and principal torsion angles have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 54332 (24 pp.). Copies may be obtained through The
Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.
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Fig. 1. PLUTO (Motherwell & Clegg, 1978) plot showing the
anion—cation relationships, the Ni coordination and the atomic
numbering scheme.

Diaz & Gomez-Beltran, 1990q,b). The Ni—N dis-
tances, 2:106 (6) and 2-099 (6) A, are typical for
pseudo-octahedral coordination and the N—Ni—N
bite angle is 83-3 (2)° which is close to the value
82-5(2)° found for the Ni—2-methyl-1,2-propanedi-
amine pseudo-octahedral complex (Garcia-Granda &
Gomez-Beltran, 1984). It should be pointed out that
the differences found in the N—Ni distances is the
same effect as observed in the case of the 2-methyl-
1,2-propanediamine complex. No unusual geometric
features are present in the molecule. Weak hydrogen
bonds are observed between the coordinated and
uncoordinated water molecules and the bromide
anions. The amino group N(2) is hydrogen bonded
to the uncoordinated water molecule O(2) though

Acta Cryst. (1991). C47, 2358-2362

[Ni(C;H,0N,),(H,0),]Br,.2H,0

H(4). Water molecules, coordinated O(1) and
uncoordinated O(2), are hydrogen bonded through
H(5).
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Structure of the 1:4 Complex of Bis[1,2-oxalato(2 — )]copper(II) and Bis(ethylene-
dithio)tetrathiafulvalene (BEDT-TTF)
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Abstract. 4C,oH;S..[Cu(C,0,),], M, =1778-20, tri-

clinic, PT, a=11781(2), b=15841(3), c=
8710 ) A, a=91115(Q), B=9400(), vy=
10481 (1)°, V=1567(1)A3, Z=1, D,=
1-884 Mg m 3, A(Cu Ka) = 1-5406 A, u=

10-45mm~"', F(000)=901, T=295K, R=0-069
(WR = 0-066) for 4743 observed reflections. BEDT-
TTF molecules form stacks along the ¢ axis. The
stacks are dimerized with the interplanar spacings
being 3-674 (5) [(I)--(ID)] and 3926 (6) A [(T)--(I1")].
The interstack side-by-side S---S contact distances are
in the range of 3-30 (1) to 3-593 (3) A.

0108-2701/91/112358-05$03.00

Introduction. In recent years a family of organic
conductors based on BEDT-TTF has been synthe-
sized. It includes the superconductor (BEDT-
TTF),ReO, (T,=2 K at 0-4 GPa pressure) (Parkin,
Engler, Schumaker, Lagier, Lee, Scott & Greene,
1983) and (BEDT-TTF)I; (T,=1-5K at ambient
pressure)  (Yagubskii, Shchegolev, Laukhin,
Kononovich, Kartsovnik, Zvarykina & Buravov,
1984).

In many known BEDT-TTF salts the acceptor X is
an anion with linear, planar, tetrahedral or octahe-
dral geometry, such as I, (Leung, Emge, Beno, Wang
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