
A novel preparation of nano-Cu/ZnO by photo-reduction of
Cu(OCH(Me)CH2NMe2)2 on ZnO at room temperature

Lianhai Lu, Andreas Wohlfart, Harish Parala, Alexander Birkner and Roland A. Fischer*
Lehrstuhl für Anorganische Chemie II, Organometallics & Materials Chemistry, Ruhr-Universität Bochum,
Universitätsstraße 150, 44780, Bochum, Germany. E-mail: roland.fischer@ruhr-uni-bochum.de; Fax: (234)
3214174; Tel: (234) 3224174

Received (in Cambridge, UK) 14th September 2002, Accepted 29th October 2002
First published as an Advance Article on the web 22nd November 2002

Room-temperature preparation of nano-Cu on ZnO by UV
light induced photo-reduction of Cu(OCH(Me)CH2NMe2)2
precursor was achieved, indicating a novel method of nano-
Cu/ZnO synthesis from an organometallic copper precursor
in non-aqueous media without further chemical reduction.

Cu/ZnO is an important material widely used in catalytic
hydrogenation and dehydrogenation of organic functional
groups, as well as in solid fuel cells. Investigation on Cu/ZnO
has been attracting world wide interest during the past
decades.1–4 In order to obtain information on supported nano-
Cu particles, we started the exploration of direct synthesis of
Cu/ZnO nanocomposites under very mild conditions.

Various techniques have been used for the synthesis of
ligand-capped or supported nanoparticles of metals and metal
oxides, including microemulsions,5 sol–gel method,6 pulsed
electrodeposition7 and photoreduction,8–10 etc. Recently, we
reported the unique properties of [Cu(OCH(Me)CH2NMe2)2] as
a metal–organic precursor for the thermally induced synthesis
of monodispersed Cu nanocolloids in non-aqueous media.11

Similar results were obtained for TiO2
12 and recently for ZnO.13

The photo-reduction method has been so far mainly applied in
several inorganic aqueous systems to produce metal colloids of
Pt, Rh, Ag, etc. However, there is less study relating to non-
aqueous photo-reduction systems, especially relating to the
preparation of Cu/ZnO. Here we describe a novel method to
form Cu/ZnO nanocomposites by using [Cu(OCH-
(Me)CH2NMe2)2] as the Cu source and taking advantage of the
photocatalytic properties of ZnO.

The precursor [Cu(OCH(Me)CH2NMe2)2] was prepared
according to the literature.14 Briefly, copper methanolate reacts
with the corresponding aminoalcohol ligand in toluene in an
alcohol exchange procedure at room temperature. After remov-
ing the solvent, the product was purified by sublimation at 343
K under vacuum. The photo-reduction experiments were
conducted under Ar atmosphere for all steps in a Pyrex Schlenk
tube with a built-in water cooling finger to keep the reaction at
constant room temperature. Typically, 1 g of nano-ZnO
(Nanotech, USA, average particle size of 56 nm) was trans-
ferred to a Schlenk and then heated in oil-bath at 493 K for 3 h
under vacuum (about 1023 Torr) to remove surface adsorbents
and moisture. After being cooled to room temperature, a 50 ml
solution of 1 mmol Cu precursor in absolute methanol was
added to the Schlenk under Ar protection. After being stirred for
30 min for a better homogeneous adsorption of the precursor on
the ZnO surface, the reaction suspension was irradiated by UV
light (125 W) for 3 h. The UV lamp and all reaction systems
were shielded by aluminium foil. IR radiation in the UV light
was mostly filtered by passing through a water circulation tube
while short wavelength UV light was cut off by the Pyrex
Schlenk tube itself. In this photocatalytic experiment, metallic
Cu was directly deposited on ZnO without further chemical
reduction. At the end of the reaction, the white ZnO powder
turned red, while the purple colour of the Cu precursor in
methanol solution disappeared showing the complete conver-
sion of the precursor. The mixture was filtered, and the residue
was further dried at 300 K under vacuum for a few hours and
then kept under Ar.

up to 200 kV with a single crystal LaB6 filament. The chemical
compositions of the samples were analysed by energy dis-
persive X-ray spectroscopy (EDX) on an EDX system attached
to the TEM.

During preparation for XRD measurement, the very air-
sensitive Cu samples were filled in a capillary tube (0.5 mm ID)
in a dry box (Ar, O2 < 1 ppm, H2O < 1 ppm). The grease pre-
sealed capillary tube was further fused by a flame after being
removed from the dry box to avoid oxidation of Cu during
measurement. As indicated in Fig. 1, typical reflections of Cu at
(111) and (200) were clearly detected, indicating formation of
well crystalline metallic Cu particles, while the wurtzite
structure of the nano-ZnO remained unchanged. By using the
Scherrer formula to analyse the X-ray line broadening, the
average crystallite size of the Cu is calculated to be 30 nm from
Cu(111) and 22 nm from Cu(200).

Fig. 2 illustrates the TEM image of the Cu/ZnO sample
prepared from photo-reduction of [Cu(OCH(Me)CH2NMe2)2]
on nano-ZnO in methanol solution. The TEM sample was
prepared in an Ar dry glove-box with a special O-ring sealed Ar
protection sample holder. Cu/ZnO was dispersed in toluene and
a drop of the suspension was then dispersed on a gold grid. The
Ar protected sample was directly transferred into the TEM
chamber and then evacuated for measurement. The TEM image
shows that the sample particles are not uniform with a size
distribution mainly in the range of 20–100 nm, which
corresponds to that of nano-ZnO used in this study. EDX
analysis was then performed on this sample with an electron
beam being focused on several sections of the sample as shown

Fig. 1 XRD spectra of nano-ZnO and Cu/ZnO prepared from photo-
reduction of [Cu(OCH(Me)CH2NMe2)2] on nano-ZnO in methanol solu-
tion.
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