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Catalytic activity and XPS investigation of
dalofossite oxides, CuMO, (M =Al, Cr or Fe)
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Department of Chemistry, Indian Institute of Technology, Madras 600036, India

Catalytic decomposition of N,O has been carried out on oxides having dalofossite structure
CuMO,; (M = Al, Cr or Fe) at 50 and 200 torr initial pressure of N,O in the temperature range
380-480°C. CuFeO, showed higher activity while CuCrO, showed low conversion in the
temperature range studied. The variation in activity has been explained based on the presence
of mixed valence copper and the concentration of copper on the surface as evinced from

X-ray photoelectron spectroscopy.

1. Introduction

Mixed metal oxides are more advantageous compared
to simple oxides because the crystal structure can
accommodate various active transition metal ions and
can stabilize unusual valence states of transition metal
ions. Attempts have been made to evaluate the cata-
lytic activity of mixed metal oxides having perovskite
and spinel structure for various reactions [1-3]. Oxi-
des having dalofossite structure are known to exhibit
interesting structural and solid state properties [4-8].
In the present investigation, an attempt has been made
to evaluate the catalytic activity of dalofossite oxides;
CuMO, (M = A], Cr or Fe), using decomposition of
N, O as the test reaction.

2. Experimental procedure

Oxides with the formula CuMO, were prepared by
heating a stoichiometric mixture of CuO and M, O at
1050 °C for 48 h in a platinum crucible. The formation
of single phase was confirmed by X-ray diffraction
(XRD). The surface area of these oxides was deter-
mined by the BET method using nitrogen gas as the
adsorbate at liquid nitrogen temperature. Magnetic
susceptibility measurements were performed in a vi-
brating sample magnetometer (PAR 155) at room
temperature employing a field strength of 5kG.

The surfaces of these oxides were characterized by
X-ray photoelectron spectroscopy (XPS). XPS were
recorded using an ESCALAB Mark II at room tem-
perature and a base pressure of 10”8 mbar. The car-
bon contamination peak at 285.0eV was taken as
internal standard.

Decomposition of N,O was carried out on these
oxides at 50 and 200 torr (1torr = 1.333 x 10? Pa)
initial pressures of N,O in the temperature range
380-480°C. Decomposition of N,O on CuCrO,
showed conversions less than 5% at 480°Ch~! and
hence kinetics could not be followed. However, the
other two catalysts were found to be active and hence
detailed kinetics were made.
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3. Results and discussion
All the oxides are found to have dalofossite structure
and the lattice parameters are given in Table I. The
surface area of these oxides is very low which may be
due to the sintering of particles due to the high
temperature employed during synthesis.

The kinetic results were analysed using the rate
Equations 1 and 2 corresponding to no inhibition and
strong inhibition by oxygen, respectively [9]
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Using the integrated forms of these equations,
kinetic plots were made and a typical plot is shown in
Fig. 1. Using the rate constants at different temper-
atures, Arrhenius plots were made (Fig. 2) and kinetic
and Arrhenius parameters are summarized in
Table 1.

Based on the percentage conversion, the acti-
vity trend follows the order CuFeO, > CuAlO,
> CuCrO,. In order to explain the activity trend, the
surfaces of the catalysts were analysed by XPS to
obtain some idea about the active site and surface
concentration of the active metal ions.

TABLE I Physico-chemical properties of CuMO,

Property CuAlO, CuCrQO, CuFeO,
Structure Hexagonal -+ Hexagonal Hexagonal
Lattice
parameter (nm) a  0.287 51 0.29709 0.30224

c 1.694 10 1.71005 1.704 95
Magnetic
suceptibility,
x (emu. g™ ?) ~ 1077 ~107¢ ~107%
Surface area 11 1.4 1.0
(m*g~?) '
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TABLE II Kinetic and Arrhenius parameters for the decomposition of N,O

Catalyst Puso T(°C) k* (x 10%) E, LnAd Decomposition
(k calmol 1) at 440°C, 30 min (%)
CuAlO, 50 420 1.5 250 119 9.6
440 33
460 47
200 400 1.1 272 13.2 5.8
420 2.2
440 33
460 4.7
CuFeO, 50 400 1.2 16.9 5.9 10.8
420 2.0
440 2.6
460 3.6
200 380 1.5 15.0 49 6.2
400 2.1
420 2.6
440 39
CuCro, 50 400-480°C - - - <5
200

At 50 torr, unit of k is s~ ! (Equation 1). At 200 torr, unit of k is mm*/?s~! (Equation 2).

XPS of Cu2p, Fe2p, Al2s and O 1s were recorded
and the salient features of these spectra are sum-
marized in Table III. Fig. 3 shows the Cu2p;,, spec-
trum of the oxides CuMO,. The (Cu2p;;,) XPS of
CuAlQ, has already been discussed elsewhere [10]. In
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Figure I Kinetic plots for the decomposition of N,O on CuFeO, at
200 torr. (A) 440°C, (O) 420°C. (A) 400°C (@) 380°C.
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Figure 2 Arrhenius plots for the decomposition of N,O. (@)
CuFeO, (50 torr), (&) CuFeO, (200 torr), (O) CuAlO, (50 torr),
(A) CuAlO, (200 torr).
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the case of CuAlO, and CuFeO,, Culp,, spectra
showed two peaks with binding energy values of
~ 9328 and ~ 933.3 eV corresponding to Cu* and
Cu?*, respectively, as reported for several oxides con-
taining copper [11,12]. The observation of a satellite
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Figure 3 (Cu2ps,,) XPS of CuMO,. F, Fresh; E, etched.



TABLE III XPS data for the series CuMO,

Region Binding energy (eV)
CuAlO, CuCrO, CuFeO,
Fresh Etched Fresh Etched Fresh Etched
O 1s 529.50 - 530.25 530.50 529.90 530.35
532.50 532.60 532.00 531.75 531.50 532._50
Cu 2p;,, 932.30 932.30 932.50 932.50 932.25 932.75
933.10 933.40 - - 933.75 -
Cu 2p,,, broad 952.20 952.50 952.75 952.00 952.50
952.70 - 954.00 -
Al 2s 118.40 118.30 - - - -
Cr 2p,, — - 576.50 576.50 - -
Cr 2p, - - 586.25 586.25 - -
Fe 2p;,, - - - 711.50 711.40
2pys2 - - - 724.25 724.00
Surface Cu/M ratio 0.24 - 1.72 -~ 1.85 -

peak at ~ 942 eV is a clear indication of Cu?* present
on the surface. The presence of Cu?* on the surface
could be attributed to the partial oxidation of Cu* on
exposure to the atmosphere. However, after etching
the surface with Ar™ for 1 min, the intensity of the
Cu?* peak at ~ 933.3 ¢V decreases or disappears.
This is also evinced from the disappearance of the
satellite peak observed for Cu?*. This indicates that
only few layers of the surface contain Cu?*. On the
other hand, the (Cu2p;;,) XPS of CuCrO, showed a
symmetrical peak with a binding energy value of
~ 932.5 eV corresponding to Cu™ on the surface.

Fig. 4 shows the O1s core level spectra of these
oxides. The XPS of all these oxides showed two peaks
with binding energy values of ~ 530 and ~ 531.5¢eV.
According to the literature data for O 1s reported for
several mixed metal oxides [13,14], the lower binding
energy peak at ~ 530 eV corresponds to species with
two negative charges O?~ while the higher energy
peak is associated with oxygen species having one
negative charge which includes CO2~, or OH™, O".
However, the symmetrical C1ls peak observed for
these oxides rules out the possibility of carbonate type
species on the surface. It is evident from the binding
energy values given in Table III that aluminium,
chromium and iron are found to be present in trivalent
state [11, 15-17].

Generally at low pressure, N,O adsorption occurs
preferentially by the interaction of n* orbitals of N,O
with the surface states of the oxide lattice and because
of limited surface sites, the adsorption of N,O be-
comes rate controlling. This is also evidenced from the
observation that at 50 torr, adsorption of N, O is rate
limiting (Equation I). At high N, O pressures a multi-
centre adsorption leads to the population c* orbital
of N, O and hence causes easy N—O fission resulting in
a situation where desorption of oxygen controls the
overall rate, which is the case at 200 torr N, O (Equa-
tion 2). The catalytic activity of CuAlO, for the de-
composition of N,O has been discussed elsewhere
[10]. Although the p-type nature of the dalofossite
oxide [8] favours the adsorption of N,O, its subse-
quent desorption of oxygen demands empty d-orbitals

on the surface. The closed shell configuration of AI**
and Cu* is not favourable for the desorption of
oxygen. Thus, AI*>* and Cu* cannot act as sites for
oxygen desorption. However, the observed activity
could be attributed to the presence of Cu®* as evinced
from XPS studies. Also, desorption of oxygen which
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Figure 4 (O 1s) XPS of CuMO,. F, Fresh; E, etched.
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involves decoupling of spins will be easy on oxides
having high moment. CuAlO,, which showed weak
paramagnetism due to the presence of small amounts
of Cu?*, does not favour this process. Similarly, XPS
results of CuFeO, showed the presence of Cu* and
Cu?* and iron in the trivalent state. It is known that
iron in the trivalent state is active for various reactions
including the decomposition of N,O [1]. Thus, the

high activity of CuFeQ, could be attributed to the -

presence of two active sites, namely Cu?* and Fe®”.
Also, the desorption of oxygen will be easy on
CuFeQ, because of its high magnetic moment. Hence
low E, was observed. The (Cu2P) XPS of CuCrO,
showed the presence of only Cu* and Cr**, Because
there is no Cu?* on the surface and oxides containing
Cr3®* are reported to be poor catalysts [18,19],
CuCrO, showed poor conversion in the temperature
range studied.

It is evident from Table IIT that CuFeO, has a
higher concentration of copper on the surface and
hence high activity. Although CuCrO, has a higher
concentration of copper compared to CuAlQ,, it is
less active compared to CuAlQO, due to the absence of
Cu?* on the surface.

4. Conclusion

The catalytic activity of oxides having dalofossite
structure has been tested using the decomposition of
N,O. The high activity of CuFeO, has been explained
based on the presence of mixed valence nature and
surface concentration of copper.
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