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Abstract A comparative theoretical study applying Dual
Descriptor has been performed using Water Gas Shift reac-
tion, catalyzed by copper supported on monoclinic and
tetragonal zirconia. The Dual Descriptor and thermody-
namic considerations were used to understand the structural
effects that occur in the reaction when it is catalyzed by
Cu on both zirconia phases. It was found that the formation
of carbonates in the Cu supported on tetragonal zirconia
dehydrogenates consistently with experimental results.
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Introduction

The Dual Descriptor emerges from conceptual DFT (Den-
sity Functional Theory) and has been used as a reactivity
index for understating local chemical reactivity, due to its
capacity for obtaining simultaneously nucleophilic and elec-
trophilic sites on a molecular system [1–7]. This descriptor
has been used to explain the reaction sites that take place
in molecular homogeneous catalytic systems and allows the
prediction of the most favorable attack [8, 9]. Several stud-
ies in solid systems have used reactivity indices based on
density functional theory [10–17]. So far the use of the Dual
Descriptor to characterize extended systems is not spread.
The aim of the present paper is to apply the Dual Descriptor
to gain understanding in a heterogeneous catalytic system
used for the production of hydrogen.

The copper supported on zirconia (Cu/ZrO2) is a cat-
alytic system where the copper is the active phase and the
zirconia is the support [18, 19]. The Cu/ZrO2 system is
active in the methanol synthesis, as well as in different cat-
alytic processes such as the CO oxidation with O2, the
reduction of NO with CO, methanol reforming with water
and water gas shift reaction (WGS) [19, 20].

CO + H2O → CO2 + H2 (1)

The WGS (1) is an important reaction for generating hydro-
gen and it is useful to reduce the concentration of CO in
hydrogen-rich effluents from reforming units, avoiding the
poisoning of a Pt anode in the fuel cells (PEEC) [21]. On the
other hand, the WGS reaction shows an interesting behavior
due to dependence on the polymorphic structure of ZrO2

in the catalytic activity [22–26]. Experimental results show
that the activity of copper supported in tetragonal zirconia
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