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In this work, the adsorption and temperature induced-decomposition of maleic anhydride (MA, C4H2O3) on
the polar Zn-ZnO(0001) and O-ZnO(0001h) surfaces and on the nonpolar ZnO(101h0) surface of zinc oxide
were investigated using X-ray photoelectron spectroscopy (XPS) and near-edge X-ray absorption fine structure
(NEXAFS). Despite the fact that molecules such as small hydrocarbons, alcohols, aldehydes, and carboxylic
acids are generally reported to show higher reactivities on the Zn-terminated polar surface than on the
O-terminated polar surface, we find that the temperature-induced decomposition of MA is essentially the
same on both polar surfaces as well as on the mixed-terminated surface. In the case of the O-terminated
surface, it was possible to correlate the defect density with the observed reactivity. Hence, regarding MA
decomposition, the defect density seems to play a major role for the catalytic activity.

Introduction

Maleic anhydride (C4H2O3, MA) is a versatile raw material
that is used for the production of polymers, agricultural
chemicals, pharmaceutical products, lubricant additives, sur-
factants, and plasticizers.1

One of the most important products made from MA is 1,4-
butanediol (BDL), which is produced by hydrogenation of MA
over Cu/ZnO catalysts. BDL plays a major role for the
fabrication of technologically important polymers such as
polyurethanes and polybutylene terephthalate used in engineer-
ing plastics, films, fibers and adhesives, as well as for the
production of the solventsγ-butyrolactone and tetrahydro-
furane.1 Only five years ago, the majority of BDL was still
produced by the Reppe process2,3 which is based on the reaction
of acetylene with formaldehyde, although several disadvantages,
such as hazardous starting materials, severe reaction conditions,
and a multistep reaction pathway, render this synthesis route
unfavorable.

The commercial hydrogenation of MA and related dialkyl
maleates over Cu/ZnO catalysts was established in the 90s, and
a large number of investigations dealing with the catalyst
composition and the reaction conditions have been published
so far.4-11 Still, there is a lack of surface-analytical studies of
the MA/Cu/ZnO system providing an understanding of the
catalytic processes on a microscopic scale.

The hydrogenation of MA over Cu/ZnO catalysts, which is
industrially performed either in the liquid phase or in the vapor
phase, follows the reaction scheme shown in Figure 1. The
conversion of MA proceeds via succinic anhydride which is
then hydrogenated toγ-butyrolactone (GBL) and further to
BDL. Tetrahydrofurane (THF) can be produced by dehydration
of BDL4,7,8,12 or directly from GBL.6 The yield of this
hydrogenation process is a mixture of the high value products
GBL, THF, and BDL. Typically, methanol, ethanol, propanol,
butanol, propionic and butyric acid, as well as methane and

acetylene6,9,10 are found as byproducts in the hydrogenation
process. The catalysts used in the cited publications are
commercially available Cu/ZnO/Al2O3 catalysts4,7,8 as well as
catalysts prepared by coprecipitation of Cu and Zn carbonates
yielding spinel-type compounds.5,6

According to the literature,6,7,9 the catalytic activity of the
Cu/ZnO catalyst for each hydrogenation step can be attributed
exclusively to copper. However, ZnO-free copper catalysts do
not yield the desired BDL; that is, after formation of GBL,
further hydrogenation of GBL is not observed. This finding is
explained by a competitive adsorption of succinic anhydride
and GBL on the active copper surface, which forces GBL to
desorb from the surface and inhibits its readsorption. When ZnO
is added to the catalyst mixture, the hydrogenation of GBL is
assumed to continue following the reaction scheme in Figure
1. This behavior is attributed to the idea that ZnO provides
additional sorption sites for succinic anhydride, so that its
coverage on the active copper surface is reduced. This enables
readsorption and reaction of GBL at the active Cu sites so that
the hydrogenation to BDL is completed.

In this study, we have investigated the adsorption behavior
of maleic anhydride (MA) on the polar (0001) and (0001h)
surfaces as well as on the nonpolar (101h0) surface of ZnO using
XPS (X-ray photoelectron spectroscopy) and NEXAFS (near-
edge X-ray absorption fine structure) spectroscopy. No
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Figure 1. Reaction pathway for the liquid phase and vapor phase
hydrogenation of maleic anhydride (MA).4-8,12
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