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High-temperature stabilities of YCu02, BaCu202 
and Ba2CuOa from oxide electrolyte e.m.f. 
measurements 

R. P A N K A J A V A L L I ,  O. M. S R E E D H A R A N  
Metallurgy Division, Indira Gandhi Ce~ntre for Atomic Research, Kalpakkam 603 102, 
Tamil Nadu, India 

The oxygen potentials in the system YCuOz/Y2OJCu and Y2Oa/YCuOJCuO were measured 
over the ranges 1113-1255 K and 782-1122 K by employing oxide electrolyte galvanic cells 
with air/platinum as the reference electrode, and the expression 

AG~,o• 0,19)(kJ mol -1)  = _ 5.346 + 0.00384 T (K) 

was determined. Similar e.m.f, measurements were carried out on the electrodes 
BaCuOJBaCu2OJCu20 and Ba2CuOJBaCuOJBaCu202 were measured over the ranges 
1003-1132 K and 1175-1235 K and from the results, the AG~.ox of BaCu202 and Ba2CuOa were 
determined to be 

AG?,o• mo1-1) = - 25.09 + 0.01548 T (K) 

AG~,o• mo1-1) = 5.79 - 0.07492 T (K) 

1. Introduction 
There is considerable interest in the high-temperature 
thermodynamic characterization of ternary oxides in 
the Y-Cu-O and Ba-Cu-O systems owing to their 
relevance to the stabilities of ceramic superconductors 
such as YBa2Cu3OT-x [1,2]. So far, three ternary 
oxides, namely YCuO2, Y2Cu205 and YCuO3, have 
been reported to be present in the system Y-Cu-O 
[3-11]. Of these, YCuO3 can exist at higher temper- 
atures only under conditions of oxygen pressures ex- 
ceeding 100 atm [12-14]. Several investigators have 
reported oxygen potential measurements On three- 
phase mixtures bearing the ternary phase Y2CuzO5 by 
employing the solid electrolyte e.m.f, technique 
[3 11]. Analysis of these data shows considerable 
discrepancy in the temperature range of stability of 
Y2Cu205 with respect to disproportionation into the 
constituent oxides Y203 and CuO. In addition, there 
is considerable ambiguity in the literature on the sta- 
bility of YCuOz phase [6-10] and its temperature 
range of co-existence with Y2Cu205 [10]. To resolve 
this ambiguity, oxygen potential measurements were 
carried out on two different three-phase mixtures 
bearing the ternary oxide YCuO2, and the results are 
presented. 

In the Ba-Cu-O system, three ternary oxides, 
namely BaCuO2, BaCu202 and Ba2CuO3 are known 
to be stable in the range 900-1250 K [1, 11, 15]. Re- 
liable standard Gibbs energy data on BaCuOa were 
reported by Zhanguo et al. [1!] by employing the 
CaF2-e.m.f. technique, and by Borowiec and Kol- 
brecka [15] by the oxide electrolyte e.m.f, method. 
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However, the compounds BaCu20 2 and Ba2CuO3 
could not be reliably characterized using similar 
measurements. Hence, the present investigation was 
undertaken to facilitate the characterization of 
BaCu202 and Ba2CuO3 using the oxide e.m.f, tech- 
nique. 

2. Experimental procedure 
2.1. Materials 
High-purity copper (Johnson Mathey), Y203 (Indian 
Rare Earths), reagent-grade CuO (E. Merck), reagent- 
grade anhydrous BaCO3 (E. Merck) and BaO2 (Al- 
drich Chemicals, USA) were used as the starting ma- 
terials. The Cu20 was prepared by heating CuO in 
a stream of purified argon at 1273 K for 6 h followed 
by quenching. An equimolar mixture of YzO3 and 
Cu20 was intimately mixed and compacted into cylin- 
drical pellets of 10 mm diameter and 3-4 mm thickness 
under a pressure of 100 MPa. These pellets were out- 
gassed at 673 K and sealed in silica ampoules after 
evacuating to a pressure of 1-10 mPa. These were then 
heated to 1223 K for 20 h followed by furnace cooling. 
This procedure was repeated twice to ensure comple- 
tion of the reaction to form YCuO2. Likewise, a mix- 
ture of BaCO3 and Cu20 in the mole ratio of 1 : 1, was 
compacted into pellets and heated at 1273 K for 24 h 
in a stream of purified argon to facilitate the formation 
of BaCu202. However, BaCuO2 and Ba2CuO3 could 
be prepared by heating two different mixtures of BaO2 
and CuO in the mole ratios of 1 : 1 and 2 : 1, respective- 
ly, in the form of compacted pellets at 1273 K for 20 h 
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in air. For the samples prepared by heating in air or 
argon, the procedure of heating and compacting into 
cylindrical pellets was repeated twice. The completion 
of the reaction in all the three cases was ensured by 
checking for  the absence of impurity phases by X-ray 
powder diffraction (XRD) within the 5 mass % limit of 
its detection. 

The three-phase electrodes, YzO3/YCuOz/Cu, 
BaCuOz/BaCu202/Cu20 and BaCuOz/BaCu202/ 
BazCuO3, were prepared by compacting nearly 
equimolar mixtures of the three constituents for each 
electrode into cylindrical pellets of 10mm diameter 
and 2-3 mm thickness at the same 100 MPa pressure. 
The same procedure was adopted for the preparation 
of the Y203/YCuO2/CuO electrode except that the 
three phases were taken in a mole ratio of 1:3:1 
instead of 1 : 1 : 1. 

2 .2 .  E . m . f .  m e a s u r e m e n t s  
The e.m.f, measurements were carried out on the gal- 
vanic cells of the following configurations 

Pt, Y203, Cu, YCuO2/15 YSZ/air (Po~ = 0.21 atm), Pt 

(i) 

Pt, Y203, YCuO2, CuO/15 YSZ/air 

(Po2 = 0.21 atm), Pt (II) 

Pt, BaCuO2, BaCu202, Cu20/15 YSZ/air 

(Po2 = 0.21 atm), Pt (III) 

Pt, Ba2CuO3, BaCuO2, BaCu202/15 YSZ/air 

(Po= = 0.21 atm), Pt (IV) 

(15 YSZ = 15 wt % yttria-stabilized zirconia) 

The one-end-closed solid electrolyte tube was of the 
dimensions 12ram outer diameter and 1.5mm wall 
thickness and 300 mm long with the closed end flat. 
A nearly static atmosphere of purified argon was pro- 
vided for the test-electrode compartment. The temper- 
ature was measured using a Pt-10% Rh/Pt ther- 
mocouple whose junction was located near the flat 
end of the electrolyte tube in the air-reference elec- 
trode compartment. The reversibility of the e.m.f. 
readings was ascertained by their reproducibility in 
thermal cycling. The absence of asymmetric potentials 
was verified by measuring null e.m.f, using the same 
cell assembly with air in both the electrode chambers 
over the experimental temperature range. The equilib- 
rium nature of the e.m.f, was ascertained by a 5 10% 
variation in the otherwise equimolar ratio of the con- 
stituents of the pellets from one experimental run to 
the other. 

3.  R e s u l t s  
The results on cells I-IV shown in Figs 1-4 could be 
represented by the following least squares expressions 
valid over the temperature ranges given in parentheses 

El(+ 2.1)(mV) = 887.66 - 0.42274 T(K) (1) 

(1113-1255K) 
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E~,(• 1.8)(mV) = 647.29 - 0.50249 T (K) (2) 

(782-1122 K) 

Eu~(__+ 1.7)(mV) = 442.74 - 0.247 15 T (K) (3) 

(1003-1132 K) 

E~v(_+2.2)(mV) = 1267.79 -- 0.96947 T (K) (4) 

(1175-t235 K) 

4. Discussion 
4.1. The high-temperature stability of 

YCu02 
For the computation of the standard Gibbs energy of 
formation, AG~,ox of YCuO2, the e.m.f, results on cell 
I given by Equation 1 could be combined with the 
e.m.f, results on the cell 

Pt, Cu, Cu2O115 YSZlair (Po~ = 0.2t atm), Pt (V) 

Ev (___ t.1) (mV) = 863.68 -- 0.409 17 T (K) (5) 

reported earlier by Mallika [163 using the same ex- 
perimental equipment. This procedure would minim- 
ize systematic errors in such galvanic cell measure- 
ments. The result of such a combination of Equations 
1 and 5 would yield the expression 

Evi = Ei_v(_+3.2)(mV) = 23.98 -0 .01357 T (K) (3) 

for the hypothetical cell 

Pt, Y203, Cu, YCuO2 It Cu, Cu20, Pt (VI) 

For the passage of 1 faraday of electricity, the over-all 
reaction for cell VI would be 

1/2Y203(s) + 1/2Cu20(s)~.~YCuO2(s) (7) 

The corresponding standard Gibbs energy change, 
AG~, obtained from Nernst equation would be identi- 
cal to AG~,ox (YCuO2) and is given by 

AG~, o~ (YCuO2)(+0.31) (kJ mol-  2) 

= - 2 . 3 1 8 + 0 . 0 0 1 3 1 T  (K) (8) 

After correcting for the standard state of oxygen in the 
reference air/platinum electrode of cell II, the over-all 
cell reaction for the passage of 4 faraday of electricity 
could be represented as follows 

4YCuOz(s) + O2(g)~-~2YzO3(s) + 4CuO(s) (9) 

The corresponding expression for AG~(9) for the cell II 
was found to be 

(A G~ (9) -}- 0.69) (kJ mol-  1 ) 

= -- 249.82 + 0.19394 T (K) (10) 

Combining Equation 10 with the literature data for 
the oxygen potential (RT lnPo2) for the system Cu20/  
CuO compiled by Kubaschewski and Alcock [-17], the 
following expression for the AG~,ox (YCuO2) could be 
derived 

AG~,ox (YCuO2) ( -}- 2.69) (kJ mol-  1) 

= -- 5.168 +0 .00364T (K) (11) 
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Figure 1 Temperature dependence of the e.m.f, of cell I. (O, D) 
Different experimental runs. 
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Figure 3 Temperature dependence of the e.m.f, of cell III. (O, , )  
Different experimental runs. 
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Figure 2 Temperature dependence of the e.m.f, of cell II. (O, D, " )  
Different experimental runs. 

140 

120 

O 

:~ 100 
ua 

80 

60  i i i i  i i i i  i i  i i i  I i i i 1  i I  i i i  i l l  i i  i ]  i i  I 

1170 1190 1210 1230 

T(K) 

Figure 4 Temperature dependence of the e.m.f, of cell IV. ('~, O) 
Different experimental runs. 

The least-squares expression (Equation 8) was derived 
from 18 values of e.m.f, of cell ! covering the range 
1113-1255 K, whereas Equation 11 was obtained from 
53 points for cell II measured over 782-1122K. The 
interpolated values at l l 0 0 K  for AG~.ox of Y C u O  2 

derived from Equations 8 and 11 are -0 .88  and 
- 1.17kJmo1-1, respectively, showing very good 

agreement between them. The agreement is even bet- 
ter at 1200 K, as seen from the values of - 0.75 and 

- 0.80 kJ moI-1 from Equations 8 and 11, respective- 
ly. However, the agreement is apparently not so good 
in a term-wise comparison of enthalpies and entropies 
from these equations. In fact, the uncertainties in the 
e.m.f, values of cells I and II could be taken into 
account in the derivation of AG}'ox (YCuO2) only if 
a combined least squares expression could be derived 
for all the 71 experimental points taken together. This 
was accomplished by computing values of AG~ of 
Cu20 for each of the 18 values of temperature for 

which e.m.f, values were available and then calculating 
corresponding values of AG~,ox of YCuO> The same 
procedure was repeated in the case of cell II by inter- 
polating values of R T l n P o 2  for CuO/Cu20 from the 
literature [173. The combined least squares expression 
for the 71 points could thus be computed to be as 
follows 

AG~',ox(YCuO2) (_+ 0.19) (kJ mol 1) 

= -- 5.346 + 0.003 84 T(K) (12) 

valid over the extended range of 782-1255 K: A com- 
parison of Equation 12 with similar expressions re- 
ported in the literature is shown in Table I. At the 
mean temperature (1020 K) of our measurements, the 
values of AG~,ox of YCuO2 seem to be unreasonably 
high from the investigations by Borowiec and Kol- 
brecka ( -  28 kJ) [7] and Wiesner et  al. ( - 58 kJ) [9]. 
As per the expressions of Kale and Jacob [-6] and this 
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T A B L E  I AG~.o~ (YCnO2) from e.m.f, measurements  

AG}' o~ = (k Jmo l -  1) A + B T  (K) 

A B 

T range T~ . . . .  p. 

(K) (K) 

AG~ox(kJ tool 1) 

at 1020K 

Reference 

1. --5.79 0.0039 873 1323 1488 (U) 
2. - 5.35 0.0038 782 1255 1393 (U) 
3. --32.98 0.0049 1023 1273 
4. --61.13 0.0027 973-1223 - 
5. 13.29 - 0 . 0 1 2 0  1023-1173 1106 (L) 
6. 12.05 - 0 . 0 1 0 8  1115 1273 1116 (L) 

- -  1 . 8  

- -  1.4 
--27.9 

58.4 
+ 1.0 
+ 1.0 

[6] 
Present work 
[7] 
[9] b 
[10] o 
[8] 

aU, Upper  limit of temperature for dissociation; L, lower limit of temperature for dissociation. 
bTG/OCT (oxygen coulometric titration) techniques. 
~ From O C T  technique. 

T A B L E  II  AG~ from e.m.f, measurements  

AGf~ (kJmo1-1) = A + B T (K) 

A B 

T range 

(K) 

Td AG~ox(kJmo1-1) 
at 1000K 

(K) 

Reference 

1. 21.24 --0.022 81 1173-1340 
2. 10.91 --0.01341 1097-1292 
3. 12.75 --0.017 14 1025-1220 
4. 34.25 --0.03648 953-1110 
5. 11.21 --0.01507 873-1323 
6. --72.58 +0 .00424  1023-1273 
7. 18.47 -- 0.021 9 861-980 
8. I4.30 --0.017 950-1200 
9. --19.45 +0.003 56 973 1223 
10. 80.36 - -0 .0774 1023-1173 

931 -- 6.1 [3]" 
814 - 5.2 [4] ~ 
744 - 7.8 [5]" 
939 - 9.5 [8] a 
744 - 6.9 [6] b 

-- 67.5 [7] b'~ 
843 7.8 [19] e 
865 - 6.1 E11] a 

- - 1 5 . 2  [ 9 ]  5 

1038 - 12.5 [10y 

a Y203/Cu20/Y2CH205 electrode. 
b Y203/YCuO2/Y2C11205 electrode. 
CEither as footnote (b) or with C u 2 0  in piace of Y203. 
d CaFz-e.m.f. technique in 1 a tm 02.  
e F rom T G / O C T  (oxygen coulometric titration) measurements.  

w o r k ,  Y C u O  2 has an upper temperature limit of stab- 
ility towards dissociation into Y203 and Cu20 and 
not a lower temperature limit, as predicted by 
Konetzki and Schmid-Fetzer [10] and Suzuki et  al. 

[8]. Konetzki and Schmid-Fetzer employed coulo- 
metry which could give rise to polarization or com- 
position inhomogeneity at the interface, especially 
when ternary compounds were studied. These authors 
observed non-equilibrium mixtures of four phases by 
quenching after resorting to oxygen coulometric titra- 
tion (OCT). They attributed the presence of four 
phases (instead of three) to non-attainment of equilib- 
rium owing to marginal stability of YCuO2 over Y203 
and Cu20. However, these non-equilibrium condi- 
tions could well be due to a coul0metrically produced 
fourth phase not becoming reversed owing to smaller 
values of the Gibbs energy changes (driving force for 
the reverse reaction). Further, the lower temperature 
limit of stability predicted, by the last two groups of 
authors, as 1106-1116 K, should be taken to be equiv- 
alent to stating that YCuO2 is entropy stabilized at 
higher temperatures. This is contradictory to the ob- 
servation of the existence of upper temperature limits 
of stability (but not lower limits) of isomorphous 
LnCuO2 compounds (Ln = La to Gd) during their 
synthesis by Haas and Kordes 1-18]. The other two 
sets of data in the table are indicative of YCuO2 being 
stable over the entire temperature range of existence of 
solids. Kale and Jacob 1-6] had predicted the co-exist- 
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ence of YCuO2 with Y203 and CuO from room tem- 
perature up to 744 K beyond which YzCu205 would 
co-exist with YCuO> If YCuO2 is assumed to be 
stable from room temperature up to 1400 K, as pre- 
dicted by Kale and Jacob [6], and this work, then the 
set of phases co-existing with Y2Cu205 should be 
YCuO2/Y203 o r  Y C u O 2 / C H 2 0  but not Y 2 0 3 / C u 2 0 .  

Therefore, the phase mixture Y2Cu205/Y203/Cu20 
employed by Tretyakov et  al. 1-3] (1173-1390 K), Pan- 
kajavalli and Sreedharan I-4] (109.7 1292K) and 
Shimpo and Nakamura 1-5] (1025-1220 K) should only 
be showing metastable co-existence in order to fix the 
oxygen potential. When this metastable co-existence is 
possible at higher temperatures, the equilibrium be- 
tween the phases Y C H O 2 / Y 2 0 3 / C u O  should also be 
extendable to above 744K 1-5,6], 814K [4] or even 
931 K 1-3] (the threshold temperature for the formation 
of Y 2 C u 2 0 5  a s  determined earlier). This proposition 
could be confirmed by measuring reproducible e.m.f. 
values for cell II despite the metastable co-existence of 
Y 2 0 3  and CuO with Y C u O  2. As in the case of YCuO2, 
there is considerable scatter in the values of Td reaction 
temperature for the formation of Y2Cu205 from Y 2 0 3  

and CuO (cf. Table II). Unlike Y C u O 2 ,  there is relative- 
ly less ambiguity regarding at least the exothermicity or 
endothermicity of the reaction if one chooses to omit 
the rather high values of - 20 and - 73 kJ tool-1 for 
AH~,ox of Y 2 C u 2 0 5  reported by Wiesner et al. [9] and 
Borowiec and Kolbreca 1-7]. 



The AH~,ox ( Y 2 C u 2 0 5 )  is seen to be in the range 
11-21 kJmol -z and AS~,ox is about 13-23 JK  -a mo1-1. 
There is one reliable determination of AH~,ox 
(Y2Cu2Os) reported by Zhou and Navrotsky [20] 
using high-temperature solution calorimetry accord- 
ing to which the formation of Y2Cu205 (s) is definitely 
endothermic with a value of 12.1 + 2.7 kJ mol-1. This 
is in good agreement with six out of the ten values 
listed in Table II. Within those limits for AH~,ox and 
AS~,o~ (Y2Cu2Os), the theoretical value for Td below 
which Y2Cu205 cannot be formed from Y203 and 
CuO, may be taken to lie in the range 74LV931 K. 
Brosha et al. [21] reported a value of 955 K as a min- 
imum temperature to which a freeze-dried mixture of 
Y203 and CuO (obtained from nitrate precursors) 
should be heated for the formation of Y2Cu2Os. This 
value (955 K) could also be considered as reasonable 
in view of the sluggishness of the reaction exploited in 
the form of their co-existence with YCuO2 in cell II. 

The consistency in the data on AG~' ox (YCuO2) with 
the oxygen potential measurements on (Y2Cu2Os)/ 
Y203/CH20 (under metastable equilibrium) reported 
by Pankajavalli and Sreedharan [4] and on the elec- 
trode bearing the equilibrium mixture Y2Cu2Os/ 
YCuO2/Y203 reported by Kale and Jacob [6] was 
verified in terms of e.m.f, values of appropriate 
galvanic cells interpolated at 1000 and 1100 K. The 
excellent agreement between the measured and com- 
puted values of e.m.f, given under entry number 5 in 
Table III show the AG~,ox data o n  Y 2 C H 2 0 5  from this 
work are consistent with those o n  Y 2 C u 2 0 5  reported 
earlier by the same authors. 

4.2. Thermodynamic stability of BaCu202 
and Ba2Cu03 

After correcting for the standard state of oxygen in the 
air/platinum reference electrode of cell III, the over-all 
reaction for the passage of 2 faraday of electricity 
could be represented as 

BaCuzO2(s) + 1/2Oz(g)~-BaCuOz(s) + 1/2CuzO(s) 

The corresponding expression for AG~(13 ) 
rived to be 

AG~ (13)( _+ 0.32) (kJ mol- 1 ) 

- 85.44 + 0.041 19 T (K) 

(13) 

was de- 

(14) 

T A B L E  IV AGf~ (BaCuO2) from e.m.f. 

AGf.ox(kJmol -a) T Range AGf, ox at Reference 
= A + B T  (K) (K) 1100 K 

A B 

1. -- 43.9 + 0.0073 950-1200 - 35.9 1-11]" 
2. -- 42.9 + 0.0078 1023-1223 -- 34.3 [15] b 

a CaF2-based galvanic cells. 
b Stabilized zirconium-based galvanic cells. 

valid over the range 1003-1132 K. The magnitude of 
the AS~2 term in Equation 14, namely 82 J K - 1 tool- 1 
is considerably smaller than theoretical expectations 
for reasons which are not presently known. However, 
Borowiec and Kolbreca [15] reported the following 

AG~(13)(+ 2.8) (kJ mo1-1 ) 

= - 158.46 + 0.10980T (K) (15) 

(1023-1223 K) 

At 1068 K, which is the mean temperature of validity 
of Equation 14, the values of AG~ for Reaction 13 
calculated from Equations 14 and 15 are - 41.4 and 
-41.2kJmo1-1,  respectively. Thus, the agreement 
in the AG~ values between the two sets of measure- 
ments should be considered as very good within the 
narrow temperature ranges (about 200 K) covered 
by the experimental runs. However, the entropy term 
in Equation 15 is on the higher side of normally 
expected values of AS02. To derive AG~,ox of one 
of the ternaries (BaCuO2 or BaCuzO2), the values 
for that of the other must be known. Because a couple 
of reports [11,15] employing solid-state galvanic 
cells are available on BaCuO2, the Gibbs energy data 
on this compound could be used to evaluate AG~,ox 
(BaCu202). Borowiec and Kolbreca [15] as well 
as Zhanguo et al. [11] had reported numerical expres- 
sions for AG~,ox (BaCuO2) and these are compared 
in Table IV. Despite very good agreement between the 
two sets of data, the data obtained by oxide e.m.f. 
were chosen for further calculations in order to min- 
imize systematic errors. It should be mentioned that 
the results by Azad et al. [19] on AG~,ox (BaCuO2), 
determined by a CaF2-e.m.f. technique, were rejected 
owing to their use of another ternary oxide system as 
a reference electrode which could retard attainment of 
equilibrium. Thus, by combining the equation under 

T A B L E  I I I  Internal consistency check for galvanic ceils using YCuO 2 or Y2Cu205 in the test electrode 

Galvanic cell e.m.f. (mV) at 

1000K l l 0 0 K  

Reference and remarks 

1. Pt, Y2Cu2Os, Y203, CuzO 1[ air, Pt  173.6 
2. Pt, YCuO2, Y203, Cu []Cu20 , Cu, Pt  15.6 

Pt, Y2Cu205, YCuO2, Y2031[ Cu20, CuO, Pt 0.3 
Pt, C u 2 0  , C u O  11 air, Pt  160.7 
Pt, YzCuzOs, Y203, YCHO 2 I[ air, Pt  158.0 

161.0 

126.6 
11.7 

12.2 
106.7 
114.9 
118.9 

Directly measured [4] 
Calculated from Equation 12 
using Nernst equation (present work) 
Directly measured 1-6] 
[17] 
Combining entries I and 2 
Combining entries 3 and 4 
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entry number 2 in Table IV with AG~ of Equation 14 
and RTlnPo2(Cu20/CuO) from the literature [173, 
the expression for AG~,o~ (BaCu202) was calculated 
and is given as follows 

AG~, o~ (BaCu202) (kJ mol-  1) 

the melting point of Ba2CuO3 could have taken place 
to facilitate its existence as a liquid over the temper- 
ature interval 1175-1235 K in the electrode mixture 
Ba2CuOs/BaCuOz/BaCu202. The used pelIet gave 
the appearance of partial melting. 

= - 25.09 + 0.01548 T (K) (16) 

Borowiec and Kolbreca [-15] also reported the 
following expression for the same by e.m.f, measure- 
ments on the electrode BaCu202/BaO/Cu with 
air/platinum as the reference electrode over the range 
1023-1223 K. 

AG~,ox(BaCu202) (kJ mol-  1) 

= - 30.36 + 010009 T (K) (17) 

At 1068K, values of - 8 . 6  and - 2 9 . 4 k J m o 1 - 1  
could be calculated from Equations 16 and 17 which 
are obviously in disagreement, and require an ex- 
planation. From the literature [22], it is seen that the 
ternary oxide BaZrO3 is extremely stable and is read- 
ily formed by the reaction between BaO and ZrO2. 
Thus the free BaO in the ternary electrode, 
BaCu202/BaO/Cu used by these authors 1-153 could 
give rise to mixed potentials by its reaction with ZrO2 
present in the electrolyte, thereby leading to disagree- 
ment. In the light of this, the data represented by 
Equation (16) should be considered as more reason- 
able and hence used in the subsequent analysis. 

The least-squares Equation 4 for the e.m.f, results 
on cell IV was converted in the same manner as given 
earlier into AG~ for the standard cell reaction 

Ba2CuOs(s) + BaCu202(s) + 1/2 O2(g) 

5. Conclusion 
The ternary oxides in the Y-Cu-O system, namely 
YCuOz are only marginally stable with respect to 
their dissociation into constituent binary oxides in the 
temperature range amenable to solid electrolyte 
measurements. Owing to their somewhat small magni- 
tudes of AG~ .... they give rise to metastable co-exist- 
ence of phases. Nevertheless, even such metastable 
co-existent mixtures could be used to measure AG~,ox 
of these oxides, and to compare them with stable 
equilibrium mixtures in order to explain the scatter in 
the literature data. The reliability of the data so de- 
rived for AG~, o, (YCuO2) was evaluated by its consist- 
ency with that on Y2Cu2Os. In the Ba-Cu-O system, 
AG~,o~ of Ba2CuO3 and BaCu202 was measured by 
adopting suitable galvanic ceil configurations, as re- 
ported in this work. 
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~-3BaCuO2(s) (18) 

and is given as follows 

AG~(17)(_+ 0.43) (kJ mol-  1) 

= -- 244.65 + 0.18058 T (K) (19) 

Combining Equations 19, 16 and that under entry 
number 2 of Table IV with RTlnPo2 (Cu20/CuO) 
[17], the following expression was derived to repres- 
ent AG~ . . . .  (Ba2CuOs) 

AG~,ox(Ba2CuOa) (kJ mol-  1) 

= 5.79 - 0.074 92 T (K) (20) 

The expression is valid for a rather narrow temper- 
ature range of 1175-1235 K. At the mean temperature 
of 1205 K, a value of - 84.5kJmol 1 could be de- 
rived for AG~,ox (Ba2CuOs). Because there are no other 
measurements of Gibbs energy data given in the litera- 
ture on Ba2CuOa, no comparison could be made. 
However, the large positive value of entropy, namely 
75JK 1tool-l ,  is indicative of the existence of 
Ba2CuO3 as a liquid. Although Roth et al. [-23] re- 
ported partial melting at 1223 K, eutectic lowering of 
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