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NOTE

Activity of Cu®* lons on the Tetrahedral and Octahedral Sites of Spinel
Oxide Catalysts for CO Oxidation

In studies of CO oxidation on substituted copper
chromite spinel oxide catalysts it was observed that the cata-
Iytic activity of a normal Cu[Cr;]O,4 spinel oxide catalyst
decreases as the Cu?* content of the catalyst decreases,
either by substitution with a divalent ion, i.e., Cu;_x Mgy
[Cr2]O4, or by reduction of Cu?* to Cu'* (1). Crystallo-
graphic studies have shown that Cu[Cr;]O4 changes from
normal to partially inverse when Cr3* is replaced by AI**
(2). Thus, in aluminum-substituted copper chromite cata-
lysts, copper is present on both tetrahedral and octahe-
dral sites of the spinel lattice, i.e., Cui_x Aly [CuxCra_(x4y)
Aly]O4. ESCA studies have shown that upon Al substitu-
tion some of the tetrahedral Cu?* ions are reduced to Cu**
and this causes a reduction in the catalytic activity of the
catalysts (1). The present work was taken up to compare the
activity of Cu?* on tetrahedral sites with that on octahedral
sites of the spinel oxide catalyst. For this, CO oxidation
studies were carried out on the inverse spinel CuFe,O,4 and
on the normal spinel CuRh,QO4 catalysts.

In Cu[Rh;]Oy, similar to Cu[Cr,]O4, Cu ions occupy the
tetrahedral sites exclusively (3), while those in CuFeQy,
i.e., (Cugog Fep.91) [CuggiFe1.09]O4, occupy mainly octahe-
dral sites (4). The variation in specific activity with absolute
temperature (T) between 373 and 723 K of the three cata-
lyst samples, which have surface areas of 1.5 (CuRh,0Oy,),
2.0 (CuCr,0,), and 1.1 (CuFe,0,) m?/g, is shown in Fig. 1.
A comparison of the catalytic activities of these spinel
oxide catalysts with the activity of CuCr,O4 suggests that
the mechanism of oxidation on CuFe,O, and CuRh,O4
is similar to that on CuCr,O4. Moreover, the activity of
CuRh,Qy is comparable to that of CuCr,Q4 but the acti-
vity of CuFe,O, is considerably lower. In this catalyst Cu
is present mainly on the octahedral sites, which may be re-
sponsible for the lower activity of this catalyst.

Thus it appears that the activity due to Cu ions on octa-
hedral sites is less than that of Cu ions on tetrahedral sites.
This is contrary to the reports in earlier studies (5) where
it was indicated that the catalytic activity of a metal ion
is generally higher when it is present on octahedral sites
than when it is present on tetrahedral sites. However, some
recent studies have shown that Cu on the tetrahedral site
of the spinel lattice is more stable and can act as a better
catalyst (6).
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Thermal studies carried out on these catalysts show that
CuCr,04 and CuRh;0O,4 are reduced relatively easily to
Cu,Cr,0O4 and CuzRh,Qy4, respectively, than CuFe,;Oy is re-
duced to CuyFe,O,. This suggests that Cu?* ions on tetra-
hedral sites are more susceptible to reduction to lower oxi-
dation states. This was also indicated in the ESCA studies
on CuCr;_y Al,O4, in which the Cu'* ions formed by reduc-
tion are all present on the tetrahedral sites. Furthermore,
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FIG. 1. Log specific activity vs 1/T for CuRh;O4, CuCr,O4 and
CuFe,0,.
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Cu't has the same electronic configuration as Zn?* (d)*°
and hence would have a definite preference for tetrahe-
dral sites like Zn?* (7). Thus, the tendency of tetrahedral
Cu ions to be readily reduced probably makes them cata-
lytically more active than octahedral Cu ions. However, at
lower temperatures, the relative activities of the octahedral
site cations cannot be ascertained, although from Fig. 1 it
appears that the activities of Rh~ Cr > Fe.

From these results, it may be concluded that in oxidation
reactions on copper spinel oxide catalysts, the catalytic ac-
tivity is higher when copper is present on the tetrahedral
sites of the spinel lattice.

REFERENCES

1. Murthy, K. S. R. C., and Ghose, J,, J. Catal. 147, 171 (1994).

2. De, K. S, Ghose, J,, and Murthy, K. S. R. C., J. Solid State Chem. 47,
264 (1983).

3. Prince, E., Acta Crystallogr. 10, 554 (1957).

NOTE

4. Ohnishi, H., and Teranishi, T., J. Phys. Soc. Jpn. 16, 35 (1962).

5. Boreskov, G. K., in “Advances in Catalysis and Related Subjects”
(D. D. Eley et al., Eds.), Vol. 15, p. 286. Academic Press, New York/
London, 1964.

6. Severino, F,, Brito, J,, Carias, O., and Lami, J., J. Catal. 102, 172 (1986).

7. Cotton, F. A., and Wilkinson, G., “Advanced Inorganic Chemistry,”
3rd ed., p. 845, 904. Interscience. New York, 1972.

J. Ghose**!
K.S. R. C. Murthyy

*Chemistry Department

Indian Institute of Technology
Kharagpur 721302, India
tMicroelectronics and Computer Division
Indian Telephone Industries, Ltd.
Bangalore 560016, India

Received June 8, 1995; revised April 29, 1996; accepted April 30, 1996

1 To whom correspondence should be addressed.



