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Abstract
The binuclear complex tris(ethylenediamine)zinc tetracyanozincate was prepared and characterized by single-crystal X-ray structure analysis.
It consists of distorted [Zn(en)3 ]2+ octahedra and [Zn(CN)4 ]2− tetrahedra. The thermolysis under air was studied by thermogravimetry, and the
resulting product (ZnO) was characterized by X-ray diffraction and scanning electron microscopy, showing compact particles with a diameter of
100–300 nm.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Zinc oxide nanostructures have been the subject of intense
interest due to their potential wide-ranging applications [1,2].
Zinc oxide is a wide band gap semiconductor which is used,
e.g., in electronics, photoelectrochemistry, and sensor technology [3–5]. In catalysis, a mixed catalyst containing copper and
zinc oxide is used in methanol synthesis. Recent studies indicate that the Cu–ZnO interface plays an important role under
reducing reaction conditions [6]. Nanostructured ZnO with various morphologies such as nanorods, nanowires, nanotubes,
nanosheets and nanodiscs were prepared by different synthetic
methods [7–12]. Vapour phase growth at high temperature is the
major physical method to prepare ZnO nanostructures [13]. The
wet-chemistry synthesis is generally carried out with solutions
of zinc salts in water or alcohols, to which hydroxide is added
which leads to the precipitation of ZnO [14]. The preparation
of ZnO nanostructures by thermolysis of organometallic [15] or
molecular precursors [16] was also reported.
Metal oxides can be obtained by thermolysis of metal cyanide
coordination compounds under mild conditions [17–21]. In the
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work presented here, zinc oxide was prepared by thermolysis of
[Zn(en)3 ][Zn(CN)4 ], a new binuclear complex that decomposes
to zinc oxide at moderate temperature under oxidizing conditions. This process was followed by thermogravimetry and the
product was characterized with respect to its crystallinity and
morphology. It was of interest whether the loss of the ligands
would lead to a fine particulate ZnO phase which might be of
interest, e.g., for heterogeneous catalysis. The neutral ligand
ethylenediamine should be a good leaving group as well as the
cyanide which may be released as cyanogen, (CN)2 or undergo
oxidative combustion [20].
2. Materials and methods
Single-crystal structure analysis was carried out with a
Siemens SMART CCD area detector system and for calculations (solution and refinement) the program package Bruker
AXS SHELXTL Version 6.12 was used.
Thermogravimetry was carried out with a Netzsch STA 409
TG-DTA apparatus. Samples were heated from room temperature to 1000 ◦ C at a rate of 5 K min−1 under dynamic O2
atmosphere at a flow rate of 50 mL min−1 .
IR characterization of the products was performed with a
Bruker Vertex 70 instrument in KBr pellets. High-resolution

