A non-aqueous organometallic route to highly monodispersed copper
nanoparticles using [Cu(OCH(Me)CH2NMe2)2]
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Good quality, highly monodispersed capped copper metal
nanoparticles have been synthesised in a non-hydrolytic
approach using thermal decomposition of the Cu(II) precursor [Cu(OCH(Me)CH2NMe2)2] in a hot coordinating
solvent without further reducing agents; the copper nanoparticles have been characterised by optical spectroscopy
(UV/VIS), electron microscopy (TEM), electron diffraction
(SAED), and dynamic light scattering (DLS).
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The study of nanoparticles of metals has been an extremely
active area of research in recent years because of their unusual
properties which are different from those of bulk materials.
Since heterogeneous catalysis is a surface phenomenon and the
surface to volume ratio increases with decreasing particle
diameter, nanoparticles are vital for high catalytic activity.
Copper particles, for example, are known to enhance the
catalytic activity and selectivity of ZnO in hydration and
dehydration reactions e.g. methanol synthesis, and play an
important role in solid-oxide fuel cells.1 To prevent nano-sized
particles from aggregation capping ligands or other support
materials (such as metaloxides) have to anchor to the surface,
i.e. at least partially cover the particle. Capped nanoparticles can
be obtained in many ways using reducing agents,2 reverse
micelles,3 via photoreduction,4 g-irradiation,5 sonochemical6 or
radiolytic7 methods. However, there is a lack of methods that
allow non-aqueous media which at the same time are chemically simple systems and require few starting materials, no
reducing agents or special additives (i.e. detergents). Ideally, no
salts or other by-products that may be difficult to remove should
be produced. Furthermore, possibilities for systematic optimisation (precursor) as well as controlling (size and surface of the
resulting nanoparticles) should be available. There is one area
that has accumulated a high amount of consolidated knowledge
on precursor chemistry in order to deposit thin metal films:
CVD (chemical vapour deposition). Since colloids, on the other
hand, can be considered as ‘soluble surfaces’ it appears
reasonable to transfer the conceptions of CVD precursor
development to solution-based approaches to metal colloids.
Moreover, a well controllable reaction system made up of only
a coordinating solvent (initially developed for II–VI semiconductor nanoparticles8) can be used for the synthesis of
nanoparticles via pyrolysis of a molecularly designed and tuned
precursor. This approach takes not only advantage of the
concepts of CVD, but offers the control over both parameters
that control the features of nanoparticles, the starting material
and the reaction system.
Here, we present a relatively simple, reproducible, and nonhydrolytic approach to copper nanoparticles using a known
CVD precursor9 [Cu(OCH(Me)CH2NMe2)2] 1 in a pyrolysis
procedure in hot coordinating solvents (hexadecylamine, tri-noctylphosphine oxide). No additional reducing agents are
required for this transformation which yields highly monodispersed nanoparticles of metallic copper and 1-dimethylaminopropan-2-ol and 1-dimethylaminopropan-2-one as volatile by-products. We can fine-tune the synthesis procedure by
varying the parameters of the reaction procedure, e.g. temperature, concentration, reaction time, or solvent, and thereby
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to remove oxygen and water. A solution of 0.3 M 1 in
octylamine was treated the same way at 60 °C. The reaction was
initiated by the rapid injection of 4 mL copper stock solution
into the hexadecylamine at 300 °C under vigorous magnetic
stirring and an Ar atmosphere. Upon injection of the dark brown
precursor solution the colourless amine solution turned red.
After the solution was heated for 30 min at 225 °C, the reaction
was stopped by cooling to room temperature. Adding toluene to
the solid reaction mixture yielded a clear, deep-red dispersion of
copper nanoparticles which was very air sensitive as indicated
by a colour change of the solution from red to blue. Further
purification was achieved by addition of methanol giving a clear
colourless solution and a red precipitate. The precipitate was
separated by centrifugation carried out in an argon-fluted
drybox (H2O, O2 < 1 ppm), washed repeatedly with methanol to
remove excess solvent, and redispersed in toluene. The resulting
colloids are stable for months at room temperature in the
absence of air.
The UV/VIS spectrum of the 7.5 nm copper nanoparticles in
toluene [Fig. 1(a)] displays a sharp absorption peak at 566 nm.
The absorption peak can be attributed to the excitation of
plasmon resonance or interband transitions excitation and are
characteristic properties of the metallic nature of the particles.11
A TEM image [Fig. 1(b)] confirms the formation of nanoscale
copper material as well defined, spherical particles with a
diameter of about 7.5 nm. The size and shape of the nanocrystals
are very uniform and the individual particles are separated by
about 2 nm due to their shells of surfactant from neighbouring
particles.
Obviously, the small size distribution leads to the formation
of hexagonally 2-D ordered lattices of free standing copper
colloids. However, the nanocrystals appear to be relatively

Fig. 1 (a) UV/VIS absorption spectrum of copper nanoparticles in toluene
synthesised by thermolysis of 1 in hot hexadecylamine. (b) TEM image of
individual copper metal nanoparticles showing a tendency towards 2-D
ordering. The nanocrystals were deposited from a toluene dispersion onto a
carbon support film on a Au-grid: bar = 110 nm.
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