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ABSTRACT: CO adsorption at 1 MPa on CuZn stearate
colloids and supported Cu catalysts was studied in situ by
attenuated total reﬂection infrared (ATR-IR) spectroscopy.
Subsequent to thorough reduction by H2, the IR band at
21102070 cm1 due to linearly adsorbed CO on clean metallic
Cu was always observed initially on all Cu catalysts. During the
exposure of Zn-containing samples to CO at high pressure, a new
IR band at ca. 1975 cm1 appeared in addition and increased in
intensity even at room temperature. The detailed analysis of the IR
spectra showed that the new IR band at ca. 1975 cm1 was not
related to coadsorbed carbonate/formate-like species, but to the
content of Zn in the samples. This IR band was found to be more
stable than that at 21102070 cm1 during purging with inert gas.
It disappeared quickly in synthetic air, pointing to a strongly
reduced state of the Zn-containing Cu catalysts achieved during
high-pressure CO exposure. It is suggested that CO can reduce ZnO to Zn in the presence of Cu, resulting in the formation of a CuZnx
surface alloy. As the CO species with the characteristic IR band at ca. 1975 cm1 binds more strongly to this CuZnx alloy than the linearly
adsorbed CO to pure Cu, it is suggested to be adsorbed on a bridge site.

1. INTRODUCTION
Cu-based catalysts are widely applied in various redox reactions such as the hydrogenation and dehydrogenation of organic
compounds.1 One of the main applications is the synthesis of
methanol from a mixture of CO/CO2/H2 over Cu/ZnO-based
catalysts. Due to its large and still increasing industrial importance, methanol synthesis over Cu-based catalysts has become
one of the best studied reactions in heterogeneous catalysis.2 All
the commercial Cu catalysts for methanol synthesis and the
watergas shift reaction contain ZnO. The synergistic eﬀects of
Cu and ZnO have been studied for several decades focusing on
the electronic properties of Cu or ZnO, mechanisms featuring
spillover of adsorbed species, CuZn alloy formation,3 and speciﬁc
interactions at the Cu/ZnO interface.4 However, the nature of
the active sites,5 the roles of Cu and ZnO in the solid catalyst,6
and other issues still remain controversial.7,8
IR spectroscopy of adsorbed CO is one of the most frequently
applied methods for the determination of the surface states of
supported metals.9,10 Bands at 20002200 cm1 characterize
linearly bound CO molecules.11 Vibrations of CO molecules
bridging two metal atoms show IR bands between 1880 and
2000 cm1, whereas those of multiply coordinated molecules
appear at 16501880 cm1.10,12,13 In recent IR studies, large
diﬀerences in the stretching frequency of CO adsorbed on Cubased catalysts after diﬀerent reducing conditions were found
ranging from 2115 to 2060 cm1.14 In our previous studies on
the synthesis and characterization of Cu colloids15 and CuZn
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stearate colloids,16 two IR bands were observed at ca. 1980 and
1920 cm1 by attenuated total reﬂection infrared (ATR-IR) spectroscopy during CO adsorption at high pressure and high temperature. IR bands in the region of 20001900 cm1 are generally
attributed to bridge-bound CO on metal surfaces, but bridged CO on
Cu single crystals shows an IR band at ca. 1860 cm1, which can only
be observed at low temperatures and high coverages.13 There are
several reports in literature in which the IR bands of adsorbed CO on
solid Cu catalysts were observed below 2000 cm1, but most of them
paid little attention to the IR band in this region or did not provide a
detailed discussion of its origin.1721
The aim of the present study is to investigate the formation
and nature of the IR bands between 2000 and 1900 cm1 observed
during high-pressure CO adsorption on CuZn stearate colloids.
Because of the complexity of the Cu colloidal system, CO adsorption
on Cu/ZnO/Al2O3 was also studied in detail by means of ATR-IR
spectroscopy. The IR band at ca. 1975 cm1 can also be observed
during high-pressure CO adsorption on the most commonly used
solid ternary Cu/ZnO/Al2O3 catalyst. The IR studies show that the
CO species with the IR band at ca. 1975 cm1 binds more strongly to
Cu than the linearly bound CO. The ongoing reduction of oxidic
species by CO is important for the formation of the strongly bound
species. It is suggested that CO can reduce ZnO to Zn in the presence
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