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The new copper antimony oxide, CusSb,0,5, was prepared by solid-state reaction between CuQ and
CuSb,0¢ in a 3.5: 1 mole ratio at 1000-1100°C and 10 kbar using a piston cylinder-type high-pressure
apparatus. It is certain that the decomposition of Cu(II) to Cu(l) in mixtures of CuO and CuSb,0s
hinders the formation of CuySb,O)¢ at temperatures =1200°C. The CusSb,0;9 powder pattern could be
indexed on the basis of a body-centered cubic unit cell with o = 9.620 A. The Cuy,Sb,0;, was found to
decompose to Cu,SbO, s + CuSb,04 with evolution of oxygen at 950-990°C in air by TG and DTA. The
Cu 2p XPS showed the more ionic character of the copper ions in CusSb,O; than in CuSb,05.
Furthermore, the asymmetric Sb 3ds, spectrum for CusSb,O; suggested two types of Sb(V) with

different chemical environments.

Introduction

Recently, new binary compounds of pen-
tavalent (V,Nb,Ta) oxide with mono-diva-
lent copper oxide have been synthesized
and their structures determined (/—4).
However, compounds of pentavalent anti-
mony oxide with copper oxide are rare. The
only copper antimony oxide hitherto
known is the compound, CuSb,Og, which
has a deformed trirutile structure (5). We
have reported the formation of a new cop-
per(I) antimony oxide, Cu,SbO,s, which
is obtained by thermal decomposition of
CuSb,0¢ in oxygen-free atmosphere and
also by solid-state reaction of CuO and
CuSb,0g in air (6). In a previous short pa-
per, it has been reported that another new
copper antimony oxide, CuySb,Oy9, can be
produced by solid-state reaction of CuO
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and CuSb,0¢ under a high pressure of 10
kbar (7), but the reactions have been car-
ried out only at 1000°C and no measure-
ment of the properties concerning the new
oxide has been made. This paper describes
the detailed preparation of the new oxide of
CugSbsO15 under 10 kbar, and its character-
ization, including the stability of the new
oxide in air and the determination of the
valence of the copper and antimony using
X-ray photoelectron spectroscopy.

Experimental

The starting oxides of CuO and Sb,0,
were prepared according to the previous
paper (7). An equimolecular mixture of the
oxides was heated at a rate of 5°C/min up to
1000°C to prepare CuSb,0¢. Powders of
CuO and CuSb,0¢ in mole ratios (n) of 2-7
were well mixed and charges (50-70 mg)
were pressed into pellets, then placed into a
platinum capsule with both ends tightly
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closed. The pellets were reacted for 2-24 hr
in a piston cylinder-type high-pressure ap-
paratus at 900-1250°C and 10 kbar. The
sample was subsequently quenched to
room temperature before the pressure was
released. The temperature was measured
within =15°C with an Alumel-Chromel
thermocouple in contact with the closed
end of the Pt capsule. The reaction product
was ground and identified by X-ray powder
diffraction (Geigerflex RAD type, Rigaku
Denki Co.). The powders obtained at n =
4.0 and 1000-1100°C were treated in hy-
drochloric solution to remove residual
CuO, the purified new oxide thus obtained
being used for the characterization studies.
The stability of the new oxide in air was
investigated with a simultaneous TG-DTA
apparatus (Thermoflex 8085 Type, Rigaku
Denki Co.). The heating was carried out at
a rate of 10°C/min to 1100°C in air and the
sample weight was about 20 mg. The com-
position of the new oxide was determined
by X-ray fluorescence analysis (Rigaku
Denki Co.). CuO and Sb,0; powders were
used as standards of known Cu and Sb con-
centration. The valence states of the copper
and antimony in the new oxide were deter-
mined by X-ray photoelectron spectros-
copy (XPS). The XPS measurements were
performed with Vacuum Generators ESCA
3 (VG Scientific Ltd.) using AlKa electron
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radiation. The 1s binding energy of contam-
ination of carbon, 284.8 eV, was used for
calibration. The errors in determining bind-
ing energies were within 0.1 eV.

Results and Discussion

1. Preparation of the New Oxide

In the previous paper, solid-state reac-
tions of CuO and CuSb,0O¢ were carried out
at 1000°C and 10 kbar and the formation of
a new copper antimony oxide was con-
firmed by X-ray analysis. Subsequently, the
high-pressure reactions were performed at
temperatures of 900-1250°C using various
mole ratios of CuO and CuSb,0Og¢ in order to
find out the condition under which the new
oxide can be formed in a pure state. Table
I summarizes the experimental resuits for
the high-pressure reactions of CuO and
CuSb,0¢ in mole ratios of 2-5 at 900-
1200°C and 10 kbar. The relative amounts
of detected phases were determined from
the X-ray intensities, as shown in Fig. 1 in
which X-ray diffraction patterns of the
products obtained at n = 2.0-5.0 at 1100°C
are illustrated. It is seen from Fig. 1 that the
reaction at n = 5.0 produces the new oxide
together with residual CuQ. Decreasing the
ratio from 5.0 to 4.0 leads to a decrease of
residual CuO, but a further decrease to 3.0
results in the appearance of a very small

TABLE 1
EXPERIMENTAL RESULTS FOR HIGH-PRESSURE REACTIONS OF CuO AND CuSb,0¢ AT 10 kbar

Reaction temperature (°C)

CuO/ Cqu205
mole ratio 900 1000 1100 1200
5 New oxide, > CuO New oxide, > CuO CusSb0y 5, CuSb,04 > CuO
4 CuSb,0¢, CuO New oxide, > CuO New oxide, > CuO CuSb,0¢, CuO, Cu,SbO; s
3.5 New oxide New oxide
3 CuSb,06, CuO New oxide, > CuSb,0s New oxide, » CuSb,0s CuSb,04, CuO, Cu,SbO,
2 New oxide, CuSb,;O¢  New oxide, CuSb,0O¢

Note. The reactions of n = 7 at 1200°C produce the new oxide together with CuSb,0¢, CuQ, and Cu,SbO, ;.
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F1G. 1. X-Ray diffraction patterns of products ob-
tained by reaction of CuQ/CuSb,0s mixtures with
mole ratios (n) of 2-5 at 1100°C and 10 kbar. Un-
marked peaks corresponds to the new oxide; (A) Cu0O;
(O) Cqu206.

amount of CuSb,0¢ instead of CuO. More
CuSb,0O4 is observed at n = 2.0. The reac-
tion at these ratios extended to 24 hr gave
the similar results as for 2 hr. Thus, it is
evident that the single phase of the new ox-
ide can be produced at ratios between 3.0
and 4.0. Actually, the complete formation
of the new oxide is achieved when the ratio
of 3.5 is used. The reactions at 1000°C give
almost the same results as at 1100°C, as
have been discussed in the previous paper
(7). No formation of the new oxide occurs
at n = 3.0 and 4.0 at 900°C. At 1200°C, the
reactions at n = 3.0 and 4.0 produce
Cu,Sb0, s in addition to unreacted CuO and
CuSb,0¢. The reactions at 1250°C gave the
similar results as at 1200°C. It is thus con-
cluded from these results that the new ox-
ide can be formed in a pure state at a ratio
of 3.5 and 1000-1100°C. An unsuccessful
attempt was made to obtain the new ox-
ide directly by reaction of CuQO with Sb,0,
at 1000—1100°C and 10 kbar.

The CuO used here was shown to decom-
pose in air to Cu,0 at about 1000°C by TG
and X-ray analysis. This decomposition
temperature is close to the temperature (as-
sumed to be at around 1000°C from Table I)
at which the new oxide begins to form,
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leading us to postulate that at temperatures
around 1000°C under 10 kbar, the CuO be-
comes sufficiently highly reactive without
decomposition to combine with CuSb,0s,
giving the new oxide. At about 1200°C,
mole ratios of n = 3-35 give Cu,SbO, s as the
product, while at n = 7 the products are the
new oxide and Cu,SbO,s. The presence of
Cu,SbOy s containing Cu(I) indicates the de-
composition of Cu(Il) to Cu(I) at 1200°C
even under a high pressure of 10 kbar, be-
cause it has been found (6) that CuiSbO, s is
formed with evolution of oxygen by reac-
tion of CuO and CuSb,0O¢. Thus, it is cer-
tain that when the temperature is increased
to =1200°C, the decomposition of Cu(II) to
Cu(I) in mixtures of CuO and CuSb,0O5¢ hin-
ders the formation of the new oxides: it is
not clear why the new oxide is still present
at n = 7.0. It is assumed that the higher
pressure of >10 kbar which suppresses the
decomposition of Cu(Il) permits the new
oxide to be produced even at temperatures
>1200°C.

Since the new oxide was found to be
hardly attacked by hydrochloric acid solu-
tion, the product obtained at n = 4.0 was
successfully purified by dissolving the re-
sidual CuO by HCI, giving pale greenish
yellow powders. X-Ray diffraction data for
the new oxide are given in Table II. The
pattern could be indexed on the basis of a
cubic unit cell with a lattice constant gy =
9.620 A. The systematic absence (h + k +
1 = 2n + 1) shows this cell to have a body-
centered symmetry. The (110) reflection
was not observed. The weight percentages
of copper and antimony in the new oxide
were determined by X-ray fluorescence
analysis as follows:

Anal. calcd for the new oxide: Cu, 42.0;
Sb, 35.7. Found: Cu, 43.0; Sb, 36.0. This
corresponds to the composition CuySb,0Oy
in which the ratio Cu/Sb = 2.25, agreeing
with the result that the new oxide can be
produced in a pure state with a CuO/
CuSb,0¢ ratio of 3.5 at 1000-1100°C, as
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TABLE II

X-RAY DIFFRACTION DATA FOR THE NEwW COPPER
ANTIMONY OXIDE, CueSb,Oy9, ay = 9.620 A (CuKa;)

dovs deaca  (hkl) Iy dobs deaca  (hKD) Iy

4824 4810 200 13 1702 1701 440 31

393 3927 211 11 433

3.408 3401 20 ¢ 650 1650 {530 !

3078 3042 310 1 {442

2781 2778 222 100 603 163 ey 4

2574 2511 321 1 532

2.408 2405 400 28 %0 1.561 {61 T
330 1521 1521 620 2

2271 2.267 {411 1484 1484 541 5

2154 2151 420 4 1450 1450 62 23

2053 2051 332 7 1418 1418 631 3

1966 1964 422 6 1388 1.389 444 4
41 543

1889 1.887 [510 7 1360 1360 lss0 4

1757 17% 521 2 710

shown in Table 1. As discussed below, the
valence states of Cu and Sb were deter-
mined to be divalent and pentavalent, re-
spectively, by XPS.

2. Characterization of CusSbyO1y

Figure 2 shows the TG and DTA curves
of the purified new oxide powder heated at
arate of 10°C/min to 1100°C in air. It is seen
that the 5.2% weight loss begins at 945°C
and finishes at 990°C, corresponding to the
endotherm at 950-990°C. The new oxide
powder changes color from pale yellowish
green to reddish brown on heating. X-Ray
analysis shows that the reddish brown pow-
der consists of CuSb,0¢ and CusSbO,5: the

—
2uv

weight loss (%)

o
~— Endothermic

L L L
900 950 1000 1050

temperature (C)

FiG. 2. TG-DTA curves of the new oxide powder.
Heating rate: 10°C/min; in air; sample weight: 20 mg.
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Fig. 3. Cu 2p XPS spectra. (A) CuSb,O¢; (B)
CuySb4Oy5. Spectrum recorded at 2.5 x 10-° Torr;
voltage, 12 kV; current, 20 mA.

new oxide was found still to exist at 920°C.
Thus, the thermal change is due to the de-
composition of

CUng4019 i CU4SbO4.5

+ 3CuSb,06 + 30, (1)
The weight loss of 5.2% observed at 945-
990°C is approximately equal to the cal-
culated loss of 4.7% based on the above
equation. Accordingly, the new oxide of
CusSby0;9 cannot persist at temperatures
higher than 945°C in air.

Figures 3 and 4 show the Cu 2p and Sb 34
X-ray photoelectron spectra, respectively,
of CUSb206 and C09Sb4019. The Cu 2p
spectrum of CuSb,0O¢ shows that character-
istic broad level 2ps;, at 936.4 eV together
with the specific shakeup satellite structure
for Cu?* 2p;;, at a binding energy about 9 eV
higher. The spectrum of CusSbsOj is al-
most the same as for CuSb,0g, but with a
higher 2ps» energy level (936.7 eV). Thus,
the copper ions in both CuSb,O¢ and
CugSbsOo can be assigned to Cu?t. A
slightly different energy level of 2ps;» in
CuSb,06 and CuySb40, could result from
slightly different environments of Cu?* ions
in both oxides. The Sb 3d spectra in both
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Fic. 4. Sb 34 XPS spectra. (A) CuSb,0Og; (B)
CugSbs0y. The measuring condition is the same as for
Fig. 3. Peak stripping procedures resulted in the Gaus-
sian components are indicated by the broken curves.

CuSb,04 and CuySb,0;9 have the 3ds; and
3dy, energy levels at 532.8 and 542.2 eV,
respectively, as shown in Fig. 4. These en-
ergy levels are almost the same, suggesting
that the ionic character of the antimony
ions may be very similar in both oxides.
Comparison of the 3ds;, energy levels in
both oxides with published data (8) indi-
cates that the Sb 3d spectra can be attrib-
uted to Sb(V): it should be noted, however,
that the 3ds; energy levels are much higher
than those in other Sb(V) compounds
(AEg = 4.3 eV, where AEg is the chemical
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shift between the free Sh atoms and a Sh(V)
ion). This assignment of Sb(V) agrees with
a previous paper stating that Sb(IlI) is oxi-
dized to Sb(V) when CuSb,0Qq is formed by
reaction of CuO with Sb,O; (6). Further-
more, the Sb 3d;, spectrum for CugSb,00
is asymmetric, apparently composed of two
overlapping spectra, suggesting the pres-
ence in CusSbyOys of two Sh(V) species,
that is, two types of Sh(V) with different
chemical environments.

Acknowledgments

We are indebted to Dr. H. Konno for XPS measure-
ments and for helpful discussions, Dr. T. Tsuchida for
simultaneous TG-DTA measurements, and Dr. T.
Okutani for X-ray fluorescence analysis.

References

1. B. L. CHAMBERLAND, J. Solid State Chem. 1, 138
(1970).

2. E. WaAHLSTROM AND B. O. MARINDER, Inorg.
Nucl. Chem. Lett. 13, 559 (1977).

3. V. ProracH, Z. Anorg. Allg. Chem. 435, 161
(1977).

4. L. JAHNBERG, J. Solid State Chem. 41, 286 (1982).

5. A.BystrOM, B. HOK, AND B. MASON, Ark. Kemi.
Mineral. Geol. 15B, 1 (1941).

6. S. SuIMADA AND K. J. D. MACKENZIE, Thermo-
chim. Acta 56, 73 (1982).

7. S. SHiMADA, K. KoODAIRA AND T. MATSUSHITA,
Chem. Lett., 1875 (1983).

8. T. A. CarLSON, Ed., “‘Photoelectron and Auger
Spectroscopy,”’ p. 366, Plenum, New York/Lon-
don (1975).



