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Phase relationships in a Ba-G-0 system prepared from nitrates or from acetates were determined as 
functions of calcination temperature. It was first proved that the BaCuOz.5 phase, which was known to 
be obtained only from peroxides, was produced in air at 650°C when a Ba(NOJJCu(NO& mixture was 
used as a precursor. From iodometric analysis, only the nitrate-derived sample was found to contain 
exclusively Cu3+ ions. This pseudobinary oxide of high oxidation state was decomposed easily into 
BaCu02+u (o = 0.07) by heating above 700°C or by evacuating at 400°C. o 1991 Academic PRSS. IN. 

Introduction 

The physical and chemical properties of 
mixed oxides which contain CU+~ have re- 
ceived much attention in relation to the su- 
perconducting materials. The instability of 
Cu3+ ions is also expected to lead to inter- 
esting chemical activity. However, little is 
known about the Cu3+ species in oxides 
outside of perovskite-related materials. In 
the alkaline earth-copper oxide system, 
several Ba-Cu-0 compounds, ACu02 (A 
= Ca, Sr, and Ba), are well known (1). Al- 
though SrCuOz and CaCu02 have Cu*+ ions 
with stoichiometric composition, BaCu02 
exhibits oxygen nonstoichiometry due to 
the presence of Cu3+ (2, 3). Furthermore, 

Atjomand and Machin (4) reported that an- 
other phase of barium copper oxide (III), 
BaCu02,5, in which all cooper ions were in 
the +3 state, could be prepared from a per- 
oxide precursor. 

In this communication we report the for- 
mation and decomposition of BaCuOz.5 
from nitrate mixtures. The formation mech- 
anism of mixed oxides is discussed and 
compared to the phase relationships of the 
Ba-Cu-0 system from some other precur- 
sors. 

Experimental 

The ternary oxide of Ba-Cu-0 was pre- 
pared from an equimolar mixture of corre- 
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sponding nitrates and acetates (5). An 
aqueous solution of the starting materials 
was evaporated to dryness and then 
calcined in air at 600-900°C. The crystal 
phase of the product thus obtained was de- 
termined by powder X-ray diffraction with 
CuZ& radiation. The samples thus obtained 
were dissolved into a solution of hydroch- 
loric acid and the average oxidation number 
of copper ion was determined by iodometry 
(6). 

Results and Discussion 

Figure 1 shows X-ray diffraction patterns 
of the Ba-Cu-0 system prepared from an 
equimoiar mixture of Ba(NO& and 
Cu(NO&. After calcination at 600°C the 
melting point of Ba(NO&, the black prod- 
uct solidified from the melt. X-ray diffrac- 
tion indicated that the product contained 
not only BaCu02.S but also unreacted 
Ba(NO&. The formation of BaCu02.S was 
almost complete after calcination at 650°C 
for 5 hr. With calcination temperatures 

above 65O”C, however, the BaCu02.5 phase 
disappeared with the simultaneous appear- 
ance of BaCu02. Thus, the BaCu02 phase 
was produced via decomposition of Ba 
CUO~.~ from the nitrate precursor. Weller 
and Lines (3) reported the oxygen nonstoi- 
chiometry of BaCuOz; the actual chemical 
composition of an equimolar compound ob- 
tained from oxide mixtures in air is Ba 
CUO~.~~. However, since they have basi- 
cally the same crystal structure, we simply 
express the composition as BaCuOz+, (a = 
0.07) in this communication. 

Table I shows X-ray powder diffraction 
data of two BaCuOz,s samples, i.e., one 
prepared in this study and the other from a 
Ba02/Cu(N03)2 mixture as reported by Ar- 
jamond (4). Their d-values and peak inten- 
sities agree within experimental error. Re- 
cently, Thompson et al. (7) disagreed with 
the existence of BaCuOz.S; they proposed 
that the actual phase of this composition is 
a mixture of BaZCu305+6 and BaC03. They 
synthesized the Ba2Cu305+6 (0 < 6 ~1.0) 
phase at 15-20 atm of 02, in which the 
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FIG. 1. X-ray diffraction of Ba-Q-0 prepared from nitrate mixtures. 0, BaCu02,5; 0, BaCu02; q , 
BaCO?. 
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TABLE I 

X-RAYPOWDERDIFFRACTIONPATTERNS 
OF BaCu02,S PREPARED FROM 
Ba(N03)2/Cu(N03)2 AND FROM BaOJCuO 

BaWNdCu(NOh BaOz/CuOO 

&,~A 

5.72 
3.73 
3.67 
3.50 
3.42 

- 
- 

3.09 
2.86 
2.66 
2.64 
2.59 
2.26 
2.223 
2.152 
2.121 
2.097 
2.031 
2.020 

- 

I ohs 

11 
44 
20 
16 
14 

- 
- 

100 
97 
13 
5 

10 
30 
I1 
18 
12 
5 
4 

18 
- 
- 

- - 
- - 

1.838 8 
1.691 39 
1.428 23 

d,dA I ohs 

5.71 5 
3.72 35 
3.66 25 
3.50 10 
3.47 10 
3.23 5 
3.20 5 
3.09 100 
2.85 60 
2.66 10 
2.63 15 
2.60 10 
2.25 35 
2.191 10 
2.148 15 
2.115 10 
2.103 10 
2.046 5 
2.017 10 
2.003 5 
1.941 5 
1.934 5 
1.854 5 
1.829 5 
1.687 30 
1.426 5 

” These diffraction data were reported by 
Ref. (4). 

highest average oxidation number of Cu 
ions is 2.67. However, the sample obtained 
in this study showed a higher value, ca. 3.0. 

When the Ba-Cu-0 sample is prepared 
from acetate precursors, crystal phases in 
the heating course are quite different from 
those from nitrate mixtures. Although the 
decomposition of acetates took place below 
600°C to give a mixture of BaC03 and CuO, 
formation of mixed oxides was hardly ob- 
served up to 850°C. After calcination at 
850°C solid state reaction between BaC03 

and CuO produced BaCuOz+,. The Ba 
CUO~.~ phase could not be formed from ace- 
tate mixtures. We have also examined the 
phase relationship in the Ba-Cu-0 system 
with other reactants such as carbonates and 
oxides; the BaCu02.S phase could not be 
obtained. 

To confirm the presence of BaCuOzs in 
the Ba-Cu-0 system the oxidation state of 
copper ions in the sample was analyzed by 
iodometry. Figure 2 shows the average oxi- 
dation state of copper as a function of calci- 
nation temperature. The oxidation number 
of copper in the sample prepared from ni- 
trates was almost 3.0 after calcination at 
65O”C, in agreement with the X-ray diffrac- 
tion measurement (Fig. l), which shows 
only the single BaCu02.S phase. The oxida- 
tion number decreased with increasing cal- 
cination temperatures accompanied by the 
disappearance of the BaCuOz.S phase. After 
the decomposition of BaCuOs.S into the sin- 
gle BaCuOz,, phase was completed at 
76o”C, the oxidation number was almost 
constant at around 2. On the other hand, 
the oxidation number of copper ions was 
constant at ca. 2 and was independent of 
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FIG. 2. Average oxidation number of copper ions in 
the Ba-Cu-0 samples. 0, prepared from nitrate mix- 
tures; 0, prepared from acetate mixtures. 



calcination temperatures when the sample mation and the decomposition of BaCuOz.5 
was prepared from acetate, carbonates, or as follows. 
oxides. 

As Arjamond and Machin reported previ- 
Ba(NO& + Cu(NO& ---) BaCu02.5 + 4 

ously (4), the BaCuOz.j phase is difficult to 
NO, + (9.5 - 4x)/2 O2 (600-650°C) 

produce without a strong oxidizer, i.e., BaCu02.S + BaCuOf+ol + (0.5 - a)/2 02 

BaOz as a reactant. For instance, they sug- (>65O”C) 

gested that ca. 4 X lo7 Pa of oxygen pres- The BaCuOz.5 phase produced above 
sure is necessary in order to transform Ba 600°C is stable only below 650°C. Decom- 
CU02+a into BaCu02.5 at 600°C. Thus, our position of the BaCuOz.s phase arises from 
results showed a new and simple prepara- the instability of Cu3+ ions at high tempera- 
tion route of BaCu02.5. Since the formation tures. However, the resulting chemical ac- 
of BaCuOZ.s was observed only for the ni- tivity, one of characteristics of this com- 
trate precursors, their decomposition pro- pound, is expected to be of use in some 
cess may play an important role in promot- catalytic applications. 
ing the oxidation of Cu ions. Field and 
Hardy (8) showed that the decomposition 
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