View Online

PAPER

www.rsc.org/pccp | Physical Chemistry Chemical Physics

The formation of colloidal copper nanoparticles stabilized by zinc
stearate: one-pot single-step synthesis and characterization
of the core–shell particlesw
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A highly eﬃcient one-step process to generate Cu–Zn colloids was developed, in which the
colloidal particles were synthesized from Cu and Zn stearates by reduction with H2 in a
continuously operated stirred tank reactor. The resulting spherical, well separated particles have a
size of 5–10 nm, consisting of a crystalline Cu0 core (fcc) stabilized by a Zn stearate shell without
long-range order. In situ attenuated total reﬂection FTIR spectroscopy was used to monitor the
shift of the C–O stretching vibration of adsorbed CO as a function of temperature and pressure.
The absence of the CO rotation–vibration bands of dissolved CO allowed us to obtain FTIR
spectra at a CO pressure of 1.0 MPa at 473 K resulting in three shifted CO bands at 2030–2025,
1979–1978, and 1920 cm 1. These bands indicate the presence of reduced coadsorbed Zn species
on the metallic Cu surface. Cyclic CO adsorption experiments demonstrated the dynamics of the
interaction between the Cu core and the Zn stearate shell.

Introduction
With a world production capacity of 48 million tons in 2008,
methanol is one of the most important chemicals used in
industry.1,2 It serves as a basic feedstock for the production
of other chemicals. Furthermore, it is a potential energy source
for fuel cell applications.3 Methanol is traditionally produced
from synthesis gas (CO, CO2 and H2) over a solid ternary
Cu/ZnO/Al2O3 catalyst. In the 1980’s a liquid-phase methanol
synthesis process (LPMeOHTM) was introduced for methanol
production from coal to improve the quality of methanol and
prolong the catalytic lifetime of the Cu catalysts.4
Despite the enormous number of publications on methanol
synthesis over copper-based catalysts, the nature of the active
sites, the reaction mechanism, the role of Cu and ZnO in the
solid catalyst, and further issues still remain controversial.5,6
However, it is commonly accepted that by combining Cu and
ZnO a synergetic eﬀect is achieved, which requires an intimate
contact between Cu and ZnO. For example, under severe
reducing conditions, frequency shifts of adsorbed CO were
detected by infrared spectroscopy for Cu/ZnO catalysts, which
were proposed to originate from the migration of Zn species
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onto the Cu surfaces (so-called SMSI eﬀect, strong metal–
support interactions).7
A homogeneous catalyst with a deﬁned molecular structure
could help to address all these questions. There are several
reports in the literature about homogeneously catalyzed
methanol synthesis,8 typically applying transition metal based
catalysts (e.g. Ru, Ni, Re).9 An alternative approach for
bridging the gap between heterogeneous and homogeneous
catalysts is the preparation of quasi-homogeneous systems
consisting of colloidal nanoparticles, which can be applied in
gas–liquid methanol synthesis. Colloids of deﬁnite size and
shape should be less complex than industrial catalysts and
could be used to access structure–activity correlations.
Furthermore, in comparison to the micrometre-sized grains
used in the industrial liquid methanol process,4 the colloidal
nanoparticles expose a much higher Cu surface area. So far,
methanol synthesis over nanosized trialkylaluminium-stabilized
Cu colloids10 and Cu/ZnO1 x colloids11 has been reported.
These nanoparticles are highly active for the production of
methanol in the liquid phase, but originate from partially
complex, expensive, and diﬃcult to handle organometallic
compounds.
Here, we report on the further development of the simple
and easy to scale-up stearate synthetic route developed by
Kimura and co-workers12–14 to obtain bimetallic Cu–Ni
colloids for the amination of alcohols. This route is extended
to easily tunable Cu–Zn colloids for gas–liquid methanol
synthesis. The colloids were synthesized from Cu stearate
combined with stabilizing metal stearates (M = Zn, Al, Ca)
by H2 reduction in the same continuously operated stirred
tank reactor (CSTR) used for the catalytic reaction. The
generation of stable Cu colloids via stabilization with salts of
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