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The EPR spectrum of SrCuO, is explained by means of a model based on the formation of defects involving two

neighbouring copper ions.

In a previous paper' we reported that two samples of SrCuQO,,
prepared in exactly the same way, showed distinctly different
X-ray diffractograms when calcined in air or in vacuo.
Additional lines were observed in the former case, indicating
the presence of a different phase or a polyphasic material. We
also observed that the g=2 room temperature (r.t.) EPR
spectrum is composed of a single line, 800 G broad for the
sample calcined in vacuo, while that of the sample calcined in air
is more intense and is just 600 G broad.t This suggested that
the interaction of our solid with oxygen favours spin—spin
exchange between unpaired electrons belonging to different
copper ions. A ‘half-field’ AM, =2 line was also observed at r.t.
for both samples, calcined either in air or in vacuo. Further-
more, the catalytic behaviour of SrCuQ, for the decomposition
of NO to N,+ 0, was analysed through pulse-reactor experi-
ments, but neither adsorption of NO nor catalytic activity was
observed.! Finally, temperature-programmed desorption
(TPD) studies on the sample prepared in vacuo have shown?
that part of the oxygen formed after interaction with the
NO + N, gas mixture desorbs very quickly at low temperature,
and this amount rapidly decreases to zero with increase in the
reaction temperature, while another part of the oxygen desorbs
only at high temperature. In addition, the sample exhibits
consumption instead of formation of oxygen during injection
of the NO + N, gas pulses.? With the aim of obtaining a better
insight into this topic, in the present work the EPR study of the
SrCuO, sample calcined in air has been repeated at various
temperatures after exposing the sample to atmospheric air for a
few months at r.t.

The new EPR spectrum (Fig. 1) showed a second narrower
line in addition to the previous single line in the g=2 region
[Fig. 1(b)]. At higher temperatures [Fig. 1(a)], this line prevails
over the broader one. Furthermore, the intensity of the half-
field line decreases and almost disappears. At the same time a
new EPR line (about 300 G broad) appears at ca. 2350 G [Fig.
1(a)]. On the contrary, at lower temperatures the half-field line
can still be detected and a very strong signal (about ten times as
intense as that at 200°C) is observed at g=2 [Fig. 1(c)],
probably due to the overlapping of the two lines, which were
better resolved at r.t.

These EPR results seem to confirm what was suggested by
the previous TPD analysis, namely the formation on the surface
of the sample of essentially two different paramagnetic species

$+1G=10"*T.
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Fig. 1 EPR spectra of SrCuQ, obtained with a Varian-E9 Century
Series apparatus. (a) 200°C, gain 5x10% (b) r.t., gain 2x10% (c)
—130°C, gain 5x 10°. In all cases a microwave power of 2 mW and a
very low value of the 100 kHz modulating field (M.A. 0.8) were
employed. ‘

containing oxygen. In fact, at lower temperatures a triplet
species is observed, characterized by a dipolar constant D less
than the Zeeman interaction hv. In this case, which involves
rather small dipolar interactions, the half-field line is observed,
asin Fig. 1(b) and (c). However, it is well known’ that this line is
not observable with very strong dipolar interactions, i.e. when
D> hv. This is what we encountered at higher temperatures
[Fig. 1(a)], when a different species is formed with a verylarge
dipolar constant D, and as a consequence the half-field line is
no longer detectable.

This instance of strongly interacting dipoles (SID) is com-
monly found for many dimers or clusters formed by copper
ions.*® Hence, the formation of defects involving two neigh-
bouring copper ions can be hypothesized in the present case at



Mendeleev Commun., 1992, 2(3), 88-89

MENDELEEV COMMUN., 1992

b

Fig. 2 The crystal structure of SrCuQ, as obtained using the X-ray data
reported in ref. 9. Open circles represent Cu ions, Sr ions are within the
‘boxes’, the vertices of which represent the oxygen ions.

higher temperatures, in analogy with what we have already
observed, within a relatively wide temperature range, with
Ca,Cu0,."® In fact, in the presence of SID, the AM,= +2 line
can no longer be observed and the line shapes exhibit severe
distortion. Furthermore, the low-field z, line would also dis-
appear, being replaced, in the low-field region, by a strong new
z,’ line. The latteris due toa W_," = W,+ hv transition between
the same levels of z, (high field) line, which is therefore due to
the W_, = W,— hv transition. Indeed, the new line measured at
ca. 2350 G at higher temperatures [Fig.1(e)] can be attributed
to the z,’ SID line. The z, line should still be detectable at about
8000 G, but with very low intensity, and we were unable to
observe it, within the limits of our apparatus. The x, and y, (low
fields) lines could be merged into the narrower line appearing in
the g=2 region. On the other hand, it is well known® that in
SrCuO, the copper ions are present essentially as interstitial
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copper(mr) oxide. The X-ray structure of SrCuQ, is shown in
Fig. 2: the CuO particles are not strongly linked to the crystal
framework. On the contrary, they can move, more easily the
higher the temperature, forming dimers containing two oxygen
ions. This could be the origin of the oxygen consumption
observed at higher temperatures under our reaction conditions.
In this situation SrCuQ, could also catalyse the decomposition
of NO, but with a catalytic activity so low that it would be
masked by the oxygen consumption.
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