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Crystal structure and thermochemical reactivity of an unusual copper complex
that contains copper in four different coordination geometries†
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According to X-ray single-crystal structure analysis, {[CuII(en)2]2[CuI
2(CN)6]}[CuII(en)2]2[CuI(CN)3]2·

2H2O contains copper in four different coordination environments: trigonal planar, square planar,
square pyramidal and tetrahedral. The different coordination geometries of copper were investigated by
quantum chemical calculations of model compounds, thus allowing to tentatively assign the different
CN-bands in the IR spectrum. The thermolysis led to sub-lm sized rod-like copper(II) oxide particles.

Introduction

The thermolysis of coordination compounds is an alternative
preparative method to oxides that are useful, e.g., as sensors
or heterogeneous catalysts.1,2 Typically, for the preparation of
heterogeneous catalysts, carbonates, nitrates or oxalates are5
decomposed,3–7 In contrast to this classical route, coordination
compounds contain volatile structural elements (like cyanogen,
(CN)2, or ethylenediamine)8,9 which may be released at moderate
temperature. The number of copper complexes with cyanide
and/or ethylenediamine reported in the literature is large and the10
known geometries of copper in the solid state are manifold.10–14

In the framework of our studies on coordination compounds with
moderate decomposition temperature (to obtain finely particulate
oxides), we found the title compound.

Here we report the single-crystal structure and the thermolysis15
of {[CuII(en)2]2[CuI

2(CN)6]}[CuII(en)2]2[CuI(CN)3]2·2H2O, a novel
coordination compound that contains cyanide and ethylenedi-
amine as ligands and which can be decomposed to nanoscale
copper(II) oxide, CuO.

Results and discussion20

The title compound tetrakis[bis(ethylenediamine)copper(II)] bis-
[(tricyanocuprate(I)][hexacyanodicuprate(I)] dihydrate, {[CuII-
(en)2]2[CuI

2(CN)6]}[CuII(en)2]2[CuI(CN)3]2·2H2O, 1, was
crystallised from water. We obtained large dark-violet crystals
which were studied by single-crystal X-ray diffraction. The25
coordination geometry is surprisingly complex with copper in
four different environments (see Fig. 1 and Tables 1 and 2). The
individual structural units are shown in Fig. 2. Note that the
[CuII(en)2]2+ unit (C i symmetry) exists in essentially two forms with
respect to the orientation of the two C–C bonds: they are parallel in30
the “free” [CuII(en)2]2+ units, whereas one can recognize a cross-like
arrangement of the C–C-bonds when looking at the side of those
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Table 1 Bond lengths (Å) and angles (◦) for 1

Cu(1)–N(3) 2.008(2) N(12)b–Cu(11)–N(11)b 84.42(9)
Cu(1)–N(1) 2.029(2) N(11)–Cu(11)–N(11)b 180.00(16)
Cu(1)–N(2) 2.030(2) C(11)–N(11)–Cu(11) 107.14(17)
Cu(1)–N(4) 2.044(2) N(12)–C(12)–C(11) 107.8(2)
Cu(1)–N(5) 2.264(3) C(12)–N(12)–Cu(11) 109.79(17)
Cu(2)–C(6) 1.964(3) N(22)c–Cu(21)–N(21) 95.97(9)
Cu(2)–C(5) 1.967(3) N(22)–Cu(21)–N(21)c 95.97(9)
Cu(2)–C(7)a 2.133(3) N(22)c–Cu(21)–N(21)c 84.03(9)
Cu(2)–C(7) 2.134(3) N(21)–Cu(21)–N(21)c 180.00(13)
Cu(2)–Cu(2)a 2.5964(7) N(21)–C(21)–C(22) 108.0(2)
C(7)–Cu(2)a 2.133(3) N(32)–C(32)–Cu(31) 175.9(3)
Cu(11)–N(12) 1.998(2) Cu(2)a–C(7)–Cu(2) 74.96(9)
Cu(11)–N(12)b 1.998(2) N(11)–C(11)–C(12) 106.7(2)
Cu(11)–N(11) 2.021(2) N(12)–Cu(11)–N(12)b 180.00(12)
Cu(11)–N(11)b 2.021(2) N(12)–Cu(11)–N(11) 84.42(9)
C(12)–N(12) 1.476(4) N(12)b–Cu(11)–N(11) 95.58(9)
Cu(21)–N(22) 2.009(2) N(12)–Cu(11)–N(11)b 95.58(9)
Cu(21)–N(22)c 2.009(2) N(12)b–Cu(11)–N(11)b 84.42(9)
Cu(21)–N(21) 2.016(2) N(11)–Cu(11)–N(11)b 180.00(16)
Cu(21)–N(21)c 2.016(2) C(11)–N(11)–Cu(11) 107.14(17)
Cu(31)–C(31) 1.934(3) N(22)–Cu(21)–N(21) 84.03(9)
Cu(31)–C(33) 1.941(3) N(22)c–Cu(21)–N(21) 95.97(9)
Cu(31)–C(32) 1.954(3) N(22)–Cu(21)–N(21)c 95.97(9)

Symmetry transformations used to generate equivalent atoms: a −x, −y +
1, −z + 1. b −x + 1, −y, −z. c −x, −y, −z + 1.

Fig. 1 Asymmetric unit of 1, showing the different coordination geome-
tries of copper (red) which is coordinated by nitrogen (blue) and carbon
(grey). The large red sphere depicts oxygen from crystal water. Hydrogen
atoms are omitted for clarity.
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