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Abstract
The strong metal-support interactions occurring in Cu/ZnO catalysts are significantly influenced by the pretreatment. The objective of this
contribution is to demonstrate that by carefully reducing binary Cu/ZnO and ternary Cu/ZnO/Al2 O3 samples in hydrogen under the same
conditions, the Cu metal surface is accessible in identical states to adsorption microcalorimetry, TPD experiments and transmission FTIR
spectroscopy using carbon monoxide as probe molecule. All techniques show that a fully reduced and clean Cu surface is resulting from a
thorough reduction in flowing high-purity hydrogen. The adsorption of CO on this Cu surface is fully reversible at room temperature, with
heats of adsorption ranging between 70 kJ/mol at low coverages and 45 kJ/mol at high coverages.
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1. Introduction
Copper catalysts are widely used for the industrial
methanol synthesis. These catalysts are ternary systems containing copper, zinc oxide and alumina [1]. Several recent
studies indicate that there are strong metal-support interactions (SMSI) between copper and zinc oxide in these catalysts. Under the reducing conditions of the methanol synthesis, the metallic copper surfaces are covered by zinc and
oxygen species [2]. Under more severe conditions, surface
and bulk alloying leads to the formation of brass [3]. The
adsorption of CO can be applied as a quantitative tool to investigate the nature of the SMSI effect [4].
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In this contribution, three different techniques are used
to study the adsorption of CO on copper catalysts, which
are linked by the same gas supply and gas analysis units for
sample pretreatment. The objective is to demonstrate that by
pretreating samples under the same conditions in carefully
designed apparatuses, the metallic copper surface is accessible in identical states to microcalorimetry, temperatureprogrammed desorption (TPD), and transmission Fourier
transform infrared (FTIR) spectroscopy. To the best of our
knowledge, this is a novel experimental approach to obtain a
comprehensive quantitative understanding of the adsorption
of CO on Cu/ZnO catalysts.
The heat of adsorption can be derived from TPD experiments using the Redhead equation, or from adsorption
isotherms using the Clausius–Clapeyron equation. A more
direct approach is to measure the differential heat of adsorption as a function of coverage by adsorption microcalorimetry. The value of this tool for the characterization of catalyst

