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Preparation of highly dispersed copper oxide by thermal destruction
of binuclear Cul! monofluoroacetate in zeolite Y cavities
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Thermal destruction of the binuclear monofluoroacetate complex Cuy(CH,FCOO), de-
posited on zeolite Y was studied by the TG—~DTA and ESR methods. Large particles of copper
oxide are not formed and fine dispersion of CuQ in the matrix is observed due to low
temperatures of the destruction of the supported complex (240—230 °C) and restriction of the

process mainly to large cavities of the zeolite.
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Nanoclusters of metals and oxides supported on
materials with a developed surface are of great interest
as highly active and selective catalytic systems whose
properties are close to those of molecular catalysts due
to the high dispersion of the particles of the active
component. However, the conventional method for pre-
paring supported catalysts by the reduction or oxidation
of a precursor compound, which was pre-adsorbed on
the support, to the metal or oxide does not provide a
sufficiently high degree of dispersion of this component.
Therefore, the method for preparation of cluster cata-
lysts has received recognition in recent vears. In this
method, polymetallic homo- or heteronuclear complexes
with labile organic or carbonyl ligands are used as
precursors. These complexes decompose in reductive or
oxidative media at comparatively low temperatures, which
makes it possible to prepare systems with a highly dis-
persed metal or oxide.!—3 At the same time. the use of
zeotite molecular sieves as supports for the preparation
of cluster systems provides additional advantages be-
cause the probability of the aggregation of the active
component and loss of dispersion is much lower in
micropores of these matrices than those in macropores
of standard supports.

In this work, we studied the thermal decomposition
of binuclear copper(it) monofluoroacetate adsarbed on
zeolite Y in inert and oxidative media.

Experimental

Binuclear copper{1i) monofluoroacetate tetrahydrate
Cuy(CH,FCOO), * 2H,0 was synthesized from monofluoro-

acetic acid and basic copper(it) carbonate according to the
following procedure. A 530% aqueous solution of mono-
fluoroacetic acid (a {.5-fold excess as compared to the
stoichiometric amount) was poured to copper carbonate.
The resulting solution was evaporated in vacuo at 100 °C,
and precipitated light-green crystals of the monohvdrate
were separated from the mother liquor and dried in vacuo.

Zeolite NaY with a Si0,/Al,0; molar ratio of 5 was
used as the support. The powdered support was pressed to
pellets that were calcined in air at 530 °C and crushed. The
fraction of the zeolite particles 0.25—0.5 mm in size
was used.

Copper monofluoroacetate was supported on zeolite from
its aqueous solution by impregnation to incipient weiness.
The amount of the complex in the solution used was se-
lected 10 adjust the metal concentration in the sample
(hereinafter designated as CuFAc/NaY) 1o ~1 wt.%. Chemi-
cal analysis showed that the obtained sample contained
1.1 wt.% copper.

Thermogravimetric and differential thermal analyses
were carried out on a Netzsch STA-409 derivatograph in 2
flow of dry nitrogen or air (75 mL min~!). A weighed air-
dry sample was ~50 mg, and the heating rate was
2.5 deg min~.

ESR spectra were obtained on a Bruker EMX radio-
spectrometer in the X-range with a high-frequency modula-
tion of 100 kHz. The values of g factors were determined by
the simultaneous measurement of the frequency (SHF) and
intensity of the magnetic field. ESR spectra were simulated,
and double normalized integrals (DI/N) .were calculated by
the SYMFONIA and WIN-ERP programs (Bruker). ESR
spectra of samples evacuated to a pressure of 1075 Torr
were recorded at 77 K. In addition, we obtained the ESR
spectra of the individual starting complex Cuy,(CH,FCOOQ),
supported from a dilute aqueous solution on an ashless
paper filter followed by drying at 20 °C.
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Resuits and Discussion

The sorbate molecules of the precursor complex can
freely enter the pores of the zeolite support and occupy
positions in large cavities. The approximate estimation
of the effective size of the Cuy(CH,FCOQ), molecule
gives a value of ~0.5 nm, which is much less than the
free diameter of the "windows” leading to the large
cavities of zeolite. However, each cavity with a diameter
of ~1.1 nm can accomodate at most two molecules of
this size.

Since the copper concentration in the CuFAc/NaY
sample amounts to 1 wt.%. the amount of the guest-
complex in zeolite does not exceed 15 molecules per 100
large cavities (approximately two molecules per unit
cell). For this arrangement of the complexes, the average
distance between the Cu,(CH,FCOO), molecules can-
not exceed 2.5 nm. It follows from these estimations that
the large cavity cannot contain more than one molecule
of the complex and copper is present in the sampie
mainly as isolated binuclear complexes. The last conclu-
sion is indirectly confirmed by the TG—DTA results
presented in Fig. 1, in which the thermogravimetric data
are presented as differential curves for clarity.

In the derivatograms obtained in both nitrogen and
air (see Fig. 1), the first endothermic peak in the 30—
200 °C interval with a maximum at 170 °C coincides
with a similar peak in the DTG curve corresponding to a
loss of ~25 wt.% of the sample, which allows us to
attribute this peak to the removal of the physically
sorbed water. However, the heating of the sample at
higher temperatures in an inert and oxidative medium
gives substantially different results. It is seen in Fig. 1
(curve J) that heating in nitrogen is accompanied by the
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Fig. 1. DTG (1, 2) and DTA curves (3, 4) for CuFAc/NaY
sample obtained in a nitrogen (/, 3) and air (2, 9 flow.

appearance of a very broad exothermic peak in the 200—
700 °C interval, and no change in the weight of the
sample is observed in the temperature region of >400 °C.
Therefore, the thermolysis of copper monofluoroacetate
in an inert atmosphere affords only solid nonvolatile
products: CuO and Cu,O and, perhaps, metallic copper
because the acetate groups can play the role of reducing
agent. At the same time, the organic part of the metal
complex intensely burns to form volatile products (car-
bon oxides and water) in the oxidative medium at 220—
280 °C (Fig. 1, curve 4). which is reflected in the DTG
curve as an exothermic peak at 230 °C. It is noteworthy
that the weight loss of the CuFAc/NaY sample contain-
ing 1.1 wt.% copper is 1.5 wt.% due to oxidation in the
220—900 °C interval; the theoretical weight loss upon
complete conversion of the monofluoroacetate that is
contained in this sample corresponds to 1.57 wt.%. This
indicates that, on heating the CuFAc/NaY sample,
trapped copper monofluoroacetate does not sublime and
leave the zeolite support. Instead it undergoes thermoly-
sis and oxidation.

Thus, based on the thermogravimetric data, the ther-
mal decomposition of Cul! monofluoroacetate in the
cavities of the zeolite support resembles that of copper
acetate®:

2 Cu(AcO), = 3 ACOH + 2 Cu + CO, + C.

Under the oxidative conditions, the metallocomplex is
completely transformed into the corresponding oxides
without noticeable formation of fluorides.

The ESR method provides more detailed data on the
valent and coordination state of the copper atoms in the
starting complex and the products of its thermooxidative
degradation. The experimental and model ESR spectra
for the individual complex CuFAc, starting air-dry sample
CuFAc/NaY, and samples obtained from the latter by
various treatments are presented in Fig. 2, a, 4; Fig. 2, a
also shows schemes of transitions of the hyperfine struc-
ture (HFS) of the ESR spectra for the Cul! jons. The
parameters of the ESR spectra are presented in Table 1.

In detailed analysis of the spectra they can be as-
signed to the Cu'! jons that give a signal with the axial
symmetry with the partially resolved HFS from the 53Cu
and 9Cu nuclei.

The ESR spectrum of the individual complex
Cuy(CH,FCOQ), supported on a paper from a strongly
dilute aqueous solution (spectrum [ in Fig. 2, @) is a
superposition of two ESR signals (see Table 1: sample 1,
signals 1 and I1). These signals are related to the isolated
copper(u) ions with parameters characteristic of octa-
hedral ligand coordination with slightly different tetra-
gonal distortion.” This result is understandable if we
keep in mind that binuclear Cu!! complexes partly trans-
form into mononuclear complexes in dilute aqueous
solutions.3

The deposition of the Cuy,(CH,FCOO0), complex on
zeolite NaY also can result in the appearance of signals
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Fig. 2. ESR spectra of copper(it) ions in the Cu,(CH,FCOO0),
complex (a) supported on a paper filter (/) and on zeolite NaY
(2 and in the CuFAc/NaY sample () after oxidation in air at
300 (3) and 800 °C (4. The numbers of spectral curves corre-
spond to the numbers of the samples in Table |. The model
spectra are shown by thin curves and designated by letter a, and
the 3—3.5-fold amplified parts of the spectra are designated by
letter b; some HFS transitions obtained by simulation are
presented as schemes.

Table 1. Parameters of the ESR spectra of Cul! for the starting
complex Cu,(CH,;FCOQ), and samples after various treatments

Sampie Conditions Sig- A g g, DUYN-1073
of treatment nal /G

1 Cu,(CH,FCO0), 1 147 2,340 2.071 -
on filter I 136 2375

2 Air-dry I 129 2378 2073 3579
CuFAc/NaY 173 2323

3 Oxidation I - - 2072 5.06
of sample 2 I - -
at 300 °C L 98 1940 2.305

4 Oxidation I e 239 207 2.8
of sample 3
at 800 °C

from two noticeably different copper ions (spectrum 2 in
Fig. 2, a). One of the copper ions (see Table 1: sample 2,
signal I) retains the octahedral coordination with weak
tetragonal distortion. The copper ions that occupy the
Sy position in the zeolite Y structure give a similar
signal. The signal from another copper ion (see
Table 1: sample 2, signal 1) is close in spectral param-
eters to the signal from the planar-square Cu!' com-
plexes observed® after deep dehydration of the ion-
exchanged forms of zeolites CuX and CuY.

The oxidation of the sample in an air flow at 300 °C
results in the appearance of a new signal from the para-
magnetic centers (see Table I: sample 2, signal 11I) in the
ESR spectra (spectrum J3 in Fig. 2, b). This signal is
characterized by an inverse ratio of the components of the
g factor (g, > g) as compared to those in the initial spectra.
This indicates that the local symmetry of the copper(it)
cations substantially changes during the oxidative decom-
position of the complex inside the zeolite cavity.

After the oxidation of the sample at 800 °C, signal
111 disappears and the ESR spectrum is broadened but
still retains all specific features of the spectra character-
istic of isolated copper ions (spectrum 4 in Fig. 2, b).
Due to the strong broadening of the HFS components, it
is difficult to determine the ESR parameters of these
centers, and their approximate estimations are presented
in Table | (sample 4). Note that no ESR signal that
could be assigned to large agglomerates including Cul!
ions was observed under any conditions of thermal
treatment of the sample.

Thus, our data indicate that the copper oxide formed
by thermal oxidative decomposition of Cul! mono-
fluorcacetate pre-adsorbed in large cavities of zeolite Y
occurs in a highly dispersed state close to molecular
dispersion, which persists even after high-temperature
oxidative treatment.

The authors thank the Conseil Genéral du Nord
(Nord-Pas-de-Calais) and the European Foundation for
Regional Development for help in purchasing an ESR
spectrometer.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 99-03-32698).



368 Russ.Chem_Bull., Int. Ed., Vol. 49, No. 8§ August, 2000

Boltalin er al.

()

4

(=2,

References

1. V. Marzik, L. G. Carriera, and G. Davies. J. Marer. Sci.
Len., 1988, 7. 833.

.G. Davies, B. C. Giessen, and H.-L. Shao, Marer. Res. Soc.
Svmp. Proc., 1992, 249, 87.

. G. Davies, B. C. Giessen, and H.-L. Shao, J. Marer. Sci.
Lewr.. 1990, 9, 231.

. B. N. Kuznetsov, J. Mar. Sci., 1993, 25, 778,

. T. M. Abdel-Fattah, Catal. Today, 1996, 89, 670.

. V. A. Ryabin, V. N. Titov, and A. A. Fotiev, in Figiko-
khimicheskie osnovy polucheniya vysokotemperaturnykh sverkh-
provodyashchikh materialov | Physicochemical Fundamentals of

Preparation of High-Temperature Superconducring Materials),
UrO AN SSSR, Sverdlovsk, 1989, p. 45 (in Russian).

7.J. C. Conesa and J. Soria, J. Chem. Soc., Faraday Trans. I,
1978, 74, 406.

8. E. V. Karpova, A. |. Boltalin, M. A. Zakharov, N. I. Sorokina.
Yu. M. Korenev, and S. 1. Troyanov, Z. Anorg. Allg. Chem.,
1998, 624, 741. )

9. D. Pakat and R. A. Schoonheydt, Stud. Surf Sci. Catal.,
1986, 28, 385.

Received Seprember 10, 1999;
in revised form February 16, 2000




