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constrained to be 1.2 times the equivalent isotropic parameter
of the attached N atoms.

Data collection: SMART (Siemens, 1994b). Cell refinement:
SAINT (Siemens, 1994b). Data reduction: SAINT. Program(s)
used to solve structure: SHELXTL (Siemens, 1994a). Pro-
gram(s) used to refine structure: SHELXTL. Molecular graph-
ics: SHELXTL. Software used to prepare material for publica-
tion: SHELXTL.

This work was supported in part by the Donors of the
Petroleum Research Fund, administered by the Ameri-
can Chemical Society, and by the Missouri Research
Board and University of Missouri—St Louis Research
Award Fund.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FG1480). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, [{Cu(C3H4N»)4}{Cr.07)],, con-
taining a [Cr(Him);]** cation (Him = imidazole) and
a dichromate anion, was obtained by hydrothermal syn-
thesis. Each Him ligand coordinates to the Cu atom via
one N atom, forming a tetragonally elongated octahe-
dral geometry with a basal plane defined by four copla-
nar imidazole N atoms, the axial sites being occupied
by O atoms from two dichromato ligands. The dichro-
mate anions bridge the Cu ions to form one-dimensional
zigzag chains.

Comment

Complexes of Cu** and Him with halides have been
structurally characterized, such as [Cu(Him);(H>O)»)]F>,
[Cu(Him)4]I> and [Cu(Him)4]Br, (Vreugdenhil er al.,
1984; Akhtar er al., 1968; Ballester er al., 1993;
Parker & Breneman, 1995). These molecular struc-
tures reveal that the bromide and iodide anions are
weakly bound in the axial coordination sites, but in
[Cu(Him)4(H,0,)]F,, the fluoride ions are not coordi-
nated to the Cu ion, the fifth and sixth octahedral sites
above and below the CuN, plane being occupied by
two water molecules. The structures of some complexes
of oxo acid anions with imidazole—copper(Il) have
also been reported: [Cu(Him)4(SO4)], [Cu(Him)4(NO3)]
and [Cu(Him);(ClO,),] (Fransson & Lundberg. 1972:
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Fig. 1. Part of the polymeric chain structure of (I), with 30% probability ellipsoids and with unique atoms labelled.

McFadden et al., 1976, Ivarsson, 1973). In these com-
pounds, there are two apical bonds to the O atoms of the
sulfato, nitrato and perchlorato groups. The Cu- - -O dis-
tances in these complexes are 2.574 (4), 2. 566 [average
of 2.606 (6) and 2.526 (6) A] and 2.625 (S)A respec-
tively.

We have investigated a related complex with dichro-
mate as the oxo anion, [Cu(Him)4]Cr,0,, (I). The
asymmetric unit contains two discrete half-cations and
one dichromate anion. Each square-planar [Cu(Him),]%*
cation has Cu on an inversion centre. The Cu—N dis-
tances and angles agree well with the corresponding
mean equatorial geometry in many other octahedral Cu"
complexes with unidentate or bidentate N-donor ligands
(Ivarsson, 1973; de Munno et al., 1993; Su et al., 1993).
The axial Cu.--O distances to dichromate are similar
to those in [Cu(Him)4](SO4)] (Fransson & Lundberg,
1972), but are longer than the Cu---Ogp, distance
(241 A) in CuSO4.5H,0 (Bacon & Curry, 1962), in
which the coordination around the Cu atoms is also
a distorted octahedron, with two sulfate O atoms in
the apical positions. These Cu- - -O distanccs fall in the
range observed for semi-coordination (Ivarsson, 1973).
As usual, the dichromate anion consists of two apex-
linked distorted tetrahedra. Bond lengths and angles in
the dichromate anion are normal (Jannin et al., 1993).

(O 9 3

O—Cr—O0—Cr—0

— V l |
HN\) /H\ O (e}

M

n

The Cu®* ions are bridged by dichromato ligands
to form one-dimensional zigzag chains (Fig. 1). The
shortest Cr- - -Cu distances are 4.013 (1) and 4.060 (2) A.
Dichromate as a bridging ligand has previously been
reported by Dave & Czernuszewicz (1994).

Experimental

A mixture of Cu(NO;); (0.24g, 1mmol), Him (0.27 g,
4 mmol) and K:Cr;0O; (0.295g, 1 mmol) was dissolved in
deionized water (20 ml) and transferred to a Teflon-lined steel
bomb, which was sealed, heated at 413 K for 12 h, and then
cooled gradually over 8 h to room temperature. The precipitate
was filtered off to give an orange solution, from which pale-
brown crystals of [Cu(Him)1]Cr,0O; were collected after a few
days.

Crystal data

[CuCr,07(C3HsN3)4] Mo K« radiation

M, = 551.87 A=0.71073 A
Triclinic Cell parameters from 25
P1 . reflections
a=9901(2) A 0 =5-13°
b=13.314(3) A = 2.087 mm™"'
c=9555R2)A T=293(2)K

a = 100.34 (3)° Block

B = 11781 (3)° 04 x 0.2 x 0.2 mm
v = 69.25 (3)° Pale brown
V=1041.7(4) A’

Z=2

D, = 1.759 Mg m™*
D,, not measured

Data collection

Rigaku AFC-6S diffractom-
eter

2734 reflections with
F2 > 20(F?)
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w/20 scans Rin = 0.023

Absorption correction: max = 25°
1) scan (Coppens et al., h=0—11
1965) k=-14 > 15
Tmin = 0.528, Trax = 0.659 [ = —11 — 10

3 standard reflections
every 150 reflections
intensity decay: 1%

3893 measured reflections
3662 independent reflections

Refinement

Refinement on F2 (A/0)max = 0.006

R = 0.035 Apmax =0442 ¢ A_
wR = 0.091 Apmin = —0529 ¢ A3
S =1.033 Extinction correction:
3662 reflections SHELXL97

275 parameters Extinction coefficient:
H atoms ndmg with fixed 0.0013 (5)

Uiso = 0 08 A? Scattering factors from
w= lU[cX(F2) + (0.0362P)° International Tables for
+ 1.0728P] Crystallography (Vol. C)

where P = (F2 + 2F5)/3

Table 1. Selected geometric parameters (A, °)

Cr1—03 1.600 (3) Cr2—04 1.771 (3)
Cr1—01 1.605 (3) Cul—N3 2.000 (3)
Cr1—02 1.607 (3) Cul—NI1 2.005 (3)
Cr1—04 1.777 (3) Cul—05 2,554 (3)
Cr2—07 1.601 (3) Cu2—N7 2.000 (3)
Cr2—05 1.607 (3) Cu2—N5 2.002 (3)
Cr2—06 1.607 (3) Cu2—02 2.578 (3)
03—Cr1—01 108.03(17) 06—Cr2—04 110.13 (16)
03—Cr1—02 111.74(17)  N3—Cul—NI 91.83(13)
01—Cr1—02 109.85(17)  N3—Cul—05 90.54 (12)
03—Cr1—04 110.30(17)  N1—Cul—05 85.49 (12)
01—Cr1—04 110.22(15)  N7—Cu2—N5 91.54 (14)
02—Cr1—04 106.72 (15)  N7—Cu2—02 84.86 (12)
07—Cr2—05 110.25(18)  N5—Cu2—02 90.44 (12)
07—Cr2—06 108.84 (17)  Cr1—02—Cu2 146.05 (17)
05—Cr2—06 112.08 (17)  Cr2—04—Crl 131.32(18)
07—Cr2—04 109.12 (16)  Cr2—O05—Cul 154.00 (18)
05—Cr2—04 106.37 (16)

Data collection: MSC/IAFC Diffractometer Control Software
(Molecular Structure Corporation, 1994). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduc-
tion: SHELXS97 (Sheldrick, 1997b). Program(s) used to
solve structure: SHELXS97. Program(s) used to refine struc-
ture: SHELXL97 (Sheldrick, 1997a). Molecular graphics: XP
(Siemens, 1990). Software used to prepare material for publi-
cation: SHELXL97.

We thank the Anhui Provincial Foundation of Natural
Science Research and the National Natural Science
Foundation of China for financial support.

Supplementary data for this paper are available from the 1UCr
electronic archives (Reference: CF1190). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, bis[tris(1,2-ethanediamine-N,N')-
cadmium] tetraiodocadmate diiodide, [Cd(C; HgNﬁ)}]‘r-
[th]l”n, contains the nearly octahedral [Cd(en);]**
cation in both enantiomeric forms, the nearly tetrahedral
[CdL;]*~ anion and I~ anions. The geometries of
the complex ions are as expected, e.g. d(Cd—N) =
2,348 (5), 2,364(5) and 2,418 (5) A, and d(Cd—I) =
2,7867 (4) A.

Kommentar

Wir interessieren uns seit langem fiir Strukturen
von Polyiodiden komplexer Kationen (Tebbe, 1977),
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