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Abstract

The structure of Zn–Co spinel prepared by coprecipitation was studied by IR spectroscopy. The characteristic bands of
extra OHy and H Oq groups were shown to exist in IR spectra up to 7008C. Comparing IR spectra of a poorly crystallized3

low temperature catalyst with that of a perfect Zn–Co spinel, we have associated the noticeable splittings and shifts of the
F bands with definite structural distortions. The presence of extra anions in the catalyst with a spinel-like structure in the1u

temperature region 100–7008C is the factor that stabilized the unusual cation distribution in this catalyst. The most plausible
cation distribution in such a spinel is proposed as follows: Co3q and Zn2q are in octahedral positions, and Co2q and Zn2q

are in tetrahedral ones. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Spinel cobaltites are widely used as environ-
w xmental catalysts for the oxidation of CO 1 and

w xhydrocarbons 2 3 , thus studies of the forma-
tion, structure and cation distribution are of
great interest to understanding their catalytic
action. It was shown that the catalytic activity
of Co catalysts with spinel type structure de-

w xpends on the cation distribution 4 . In spinels
synthesized at low temperature, the cation dis-
tribution differs from that of high-temperature
spinels because of the incomplete removal of

w xthe anions of the precursor compounds 5 . For
catalytic purposes, the spinels are usually syn-
thesized via coprecipitation of metal cations

) Corresponding author.

from their nitrate solutions by carbonates or
Ž .alkali. At low temperatures 350–5508C the

compounds are poorly crystallized according to
X-ray characterization and more information
about the structure can be obtained from vibra-

Ž .tional in part IR spectra. In our previous paper
w x6 the formation of Zn–Co catalysts was inves-
tigated. This research was carried out to study
the cation distribution during the formation of
the Zn–Co spinel structure catalyst using IR
spectroscopy.

2. Experimental

Ž .The samples Zn:Cos1:2 and 1.5:2 were
precipitated from a solution of mixed metal
nitrates by an ammonia solution at pH 7.0"0.2
and the temperature 70"28. An excess of hy-
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drogen peroxide was repeatedly introduced into
the mixture to oxidize Co2q to Co3q. The
precipitates were washed from nitrates, dried at
1008C, and heated at 350, 540, 700, 800 and
9008C for 24 h.

IR-spectra were obtained using Fourier
Ž .Transform spectrometer IFS-113v Bruker . The

samples were prepared as a suspension in vase-
line oil or by pressing with alkali metal halides.

Ž .A low-temperature IR chamber y1968C was
used to record IR spectra with necessary resolu-
tion.

3. Results and discussion

The perfect ZnCo O spinel structure has the2 4

space group O7 with eight formula units perh

unit cell. The Zn atoms are in tetrahedral 8a
sites of point symmetry T ; the Co atoms are ind

octahedral sites 16d of point symmetry D .3d

Therefore, the active vibrational modes are dis-
tributed as follows: G s4F qA qE qv 1u 1g 1g

3E . The four F modes are infrared active.2g 1u

Four absorption bands with maxima at 670 cmy1

Ž . y1 Ž . y1 Ž .n , 582cm n , 392cm n and1 2 3
y1 Ž . w x215cm n 7 were observed in the IR-spec-4

tra of perfect ZnCo O . The frequencies n and2 4 1

n are assigned to the F vibrations of the2 1u

octahedral groups, the frequencies n and n3 4

correspond to the F vibrations of both tetrahe-1u

dral and the octahedral groups; major contribu-
tions of the octahedral and tetrahedral groups
being to n and n , respectively.3 4

Four absorption bands with maxima at 660–
680, 570–605, 375–390 and 202–210 cmy1

were observed in the IR spectra of the samples
dried at 1008C and calcined at 5408C, 7008C,

Ž .8008C and 9008C Fig. 1 . These bands are
characteristic of the Zn–Co spinel structure and
correspond to the above mentioned n , n , n1 2 3

and n frequencies. Therefore, a spinel-like4

structure is observed immediately after the pre-
cipitation prior to calcination of the samples.
The n , n , and n bands are split and asym-1 2 4

Ž y1.metric, in addition, n 202cm is consider-4

Fig. 1. IR spectra of ZnCo O calcined at different temperatures:2 4
Ž . Ž . Ž . Ž . Ž . Ž .1 100, 2 540, 3 700, 5 800, 6 9008C; and 4 Zn Co O1.5 2 4

calcined at 7008C.

ably shifted to a lower frequency in comparison
to the position of the normal spinel. The bands
at 1150, 1730, 3320–3600 cmy1 were regis-

Ž .tered in IR spectra of these samples Fig. 2 .
These bands were attributed to H Oqand OHy

3
w xions in accordance with literature data 8 and

w xour ab initio calculation 9 . We suppose that
H Oq ions occupy some sites in the catalyst3

structure. The intensities of the peaks decrease
with increasing calcination temperature. The
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complete disappearance of these extra ion bands
in the spinel spectra is observed for the sample
calcined at 7008C.

The splitting and asymmetry of the spinel F1u

absorption bands are attributed to the presence
of different cations located at the same crystal-

w xlographic positions 10 . Thus, the data obtained
allow us to suggest that both Co and Zn cations
are located in octahedral as well as in tetrahe-
dral positions of the spinel structure. The IR
spectra of the Zn–Co sample with an excess of

Ž . Ž .zinc Zn:Cos1.5:2 Fig. 1, curve 4 confirms
the preference of zinc cations to be located in
octahedral sites. In this case, the octahedral

Ž y1bands, n and n 670 and 582 cm , respec-1 2
.tively , are more split relative to the bands of

the sample, Zn:Cos1:2, at the same tempera-
Ž .ture Fig. 1, curve 3 . According to UV–VIS–

w xDR spectra 6 and the above IR data, the
following cation distribution seems to be the
most plausible: Co3q and Zn2q are in octahe-
dral positions, and Co2q and Zn2q are in tetra-
hedral ones.

After calcination at 8008C, a shift of the
absorption band n to 212 cmy1, coinciding4

with the band in a perfect spinel, is observed in
Ž .the IR spectra Fig. 1, curve 5 . Intensities of all

spinel bands increase with temperature increas-
ing to as high as 7008C. The intensities of n1

and n bands stop to increase after calcination2

Fig. 2. IR spectra in region of 1200–4000 cmy1 for ZnCo O2 4
Ž . Ž . Ž .calcined at 1 1008C, 2 3508C and 3 5408C.

Fig. 3. The absolute intensity of the bands n , n and n as a1 2 4

function of the calcination temperature.

at 8008C and decrease after treatment at 9008C,
Ž .whereas the n band keeps to increase Fig. 3 .4

It is suggested that the intensities of the bands
increase up to 7008C as a result of an increased
crystallinity. X-ray data confirm the formation
of the perfect spinel structure at high tempera-
ture. The intensity reduction of the n and n1 2

bands at 9008C is accounted for a relative de-
crease of the quantity of cations in octahedral
sites. At 7008C, a new band arises at 485 cmy1

in the IR spectra. This band is characteristic of
the ZnO phase. The intensity of the ZnO band
increases with temperature. The formation of
zinc oxide at above 7008C is due to the removal
of zinc cations from both the octahedral and
tetrahedral sites.

4. Conclusions

The IR spectroscopic investigation allows us
to identify a spinel-like structure immediately
after the sample precipitation prior to calcina-
tion. Four absorption bands typical for the spinel
structure were observed at 200–700 cmy1, but
the n , n and n bands were split, and the n1 2 4 4

band was shifted to a lower frequency relative
to the normal spinel ZnCo O . In addition extra2 4

bands observed at 1150, 1730, 3320–3600 cmy1

are attributed to H Oqand OHyions. A defect3

spinel which structure contains H Oq and OHy
3

groups is formed at 100–7008C. The presence
of these extra anions in the spinel-like structure
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of the catalyst is the factor that stabilizes the
unusual cation distribution in temperature re-
gion 100–7008C. The removal of these extra
ions and decomposition of the Zn–Co spinel
occur at 7008C. Zn–Co spinel decomposes into
two phases: ZnO and spinel containing less zinc
cations.

References

w x1 G.K. Boreskov, V.I. Marshneva, Dokl. Akad.Nauk S.S.S.R.
Ž .213 1973 112.

w x2 T.V. Andrushkevich, V.V. Popovskii, G.K. Boreskov, Kinet.
Ž .Katal. 6 1965 777.

w x Ž .3 T. Ono, T. Tomino, Y. Kubokawa, J. Catal. 31 1973 167.
w x4 T.M. Yurieva, L.I. Kuznetsova, G.K. Boreskov, Kinet. Katal.

Ž .23 1982 264.
w x Ž .5 T.M. Yurieva, React .Kinet. Catal. Lett. 23 1983 267.
w x6 G.G. Volkova, T.M. Yurieva, G.N. Kustova, L.M. Plyasova,

G.V. Charlamov, G.S. Litvak, V.F. Anufrienko, Zh. Priklad-
Ž .noi Chimii. 67 1994 779.

w x Ž .7 J. Preudhomme, P. Tarte, Spectrochim. Acta 27 1971 1817.
w x8 D.K. Archipenko, P.G. Kovalyeva, X-ray diffraction study

Ž .and spectroscopy of the minerals, Novosibirsk, Nauka 1978
Ž .18, in Russian .

w x9 E.B. Burgina, V.P. Baltakhinov, E.N. Yurchenko, J. Elecron.
Ž .Spectr. Relat. Phenom. 58 1992 11.

w x Ž .10 S.Z. Hafner, Krist. 119 1961 331.


