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Abstract 

The thermochemical properties of Cu203 were calculated. The stability ofCu203 was studied 
with the help of TM methods. It was shown that this oxide can exist in oxygen atmosphere 
(P= 105 Pa) at temperatures below 380 K. 

A variant of the ISIP model was used with TM to determine the Cu § Cu 2+ and Cu 3+ con- 
tents and oxygen indexes in YBa2Cu30 ~ (123-Ox), YBa2Cu3.sOy (123.5-Oy), YBa2Cu40 z 
(124-O~), YBazCusO q (125-Oq) and YBazCu60 m (126-Om) solutions at 100-1200 K in oxygen 
medium (P= 105 Pa). 

Methods for determination of some thermodynamic properties and oxygen indices are sug- 
gested for a superconductor family in the system YBaCuO. 

Keywords: modeling, solution, system YBaCuO, thermodynamic properties 

Introduction 

Different solution models have been proposed to describe the superconducting 
phase 123-Ox (see, for example, [1-4]). As a rule, their application permits evalu- 
ation of the changes in the oxygen index in the formula of this phase under various 
conditions (temperature/pressure changes, interaction with different substances, 
etc.). These solution models were put forward after determination (or estimation) 
of the main thermochemical properties (standard enthalpy, entropy and heat capac- 
ity) for the phases 123-O7 and 123-O 6. The essence of the models is described in 
the original papers. 

In 1988 [2], when the thermodynamic properties of the phase 123-Ox were prac- 
tically unknown, we attempted to use the ISIP model and TM methods to describe 
the conditions of synthesis of the phase 123-O7. The initial components of the solu- 
tion were Cu20, CuO and Cu203. For Cu203 the thermochemical properties were 
evaluated by calculation methods [2], but in some cases, and in particular the stand- 
ard enthalpy, the calculations yielded uncertain results. 
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The goals of the present work were (i) a revision of the thermochemical proper- 
ties of Cu203, and investigation of its stability; (ii) application of the ISIP model 
with TM for determination of the Cu +, Cu z+ and Cu3~: contents and oxygen indices 
in 123-Ox, 123.5-Oy, 124-Oz, 125-Oq and 126-O m solutions with use of the revised 
CuzO3 properties; and (iii) an attempt to use the data obtained from computer in- 
vestigations with model solutions to evaluate some properties of real superconduc- 
tors in the system YBaCuO. 

Methods and procedures 

Thermodynamic simulation was carried out with the help of TM methods, the 
program ASTRA-4 and the data bases ASTRA and ASTRA.OWN [5]. 

For Cu203, the standard enthalpy of formation was taken from [6]. The standard 
entropy was taken as the arithmetic mean of the data calculated by the methods in 
[2, 7-9]. For estimation of/-~zgs-/-Po and Cp=g(T), the methods used in [10] and 
[11], respectively, were applied. 

The TM of the synthesis of Cu203 from the initial Cu(Cu20/CuO ) and oxygen 
was performed for the system including condensed Cu, Cu20, CuO and CugO3, 
gaseous 02, O and copper vapor at P =  105 Pa and T= 100--1200 K. The stability of 
Cu203 was studied in oxygen atmosphere at P=0.1-1 .  l0 s Pa. The influence of the 
oxygen partial pressure on the stability of Cu203 was investigated at P =  105 Pa and 
varying compositions of initial gas mixtures, ranging from pure oxygen to pure ar- 
gon [12]. 

The essence of the ISIP model is given in [13]. In the present work, we used its 
simplest variant. The constituents of the solution were Y203, BaO, Cu20, CuO and 
Cu203. The compositions of the initial systems included condensed metals and ox- 
ides, gaseous oxides, Oz, O and metal vapor. The contents of each metal in the sys- 
tem corresponded to the ratios, characteristic of the particular superconductor un- 
der study. 

The percentage Cu 3+ content of the copper was calculated via the equation 

I n(Cu3+) ]100 = [n(Cu3+)qlO0 
[Cu3+] = n(Cu 3+) + n(Cu 2+----) + n(Cu+)J [. n(Cu) J 

(1) 

where n(Cu 1 +) is the number of atoms of copper in the + state, and n(Cu) is the 
common number of copper atoms in each molecule of superconductor (solution). 

TM was carried out in oxygen atmosphere (P= 10~Pa) in the interval from 
100 K to 1200 K in steps of 100 K. 

Res u l t s  a n d  d i scus s ion  

Properties and stability of Cu203 [12] 

The main thermochemical properties of Cu203 are given in Table 1. The results 
of TM are presented in Figs 1-3. 

J. Thermal Anal., 48, 1997 
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Fig. 1 Changes in full enthalpy (/) in initial system Cu203 - 02 with elevation of tempera- 
ture at P=  l0 s Pa 
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Fig. 2 Dependence of Tdecompositio" of Cu203 on pressure in oxygen medium 

It may be seen from Fig. 1 that changes in the full system enthalpy (A/) are ob- 
served at 380 K. This is connected with the phase transformation 

Cu203(cr ) + 2CuO(cr) + 0.502 (2) 

At higher temperatures, only CuO would exist. On increase of the oxygen pres- 
sure from l0 s Pa to 108 Pa, the temperature of the phase transformation rises from 
380 to 640 K. An oxygen pressure decrease from 105 to O, 1 Pa is accompanied by 
Tph.tr decreasing from 380 to 240 K (Fig. 2). From Fig. 3a, it is seen that, when 
p(Ar) in the Ar+O 2 mixture is raised, the limit of existence of Cu203 moves to 

J. Thermal Anal., 48, 1997 
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lower temperatures. In initial Ar atmosphere (P=105 Pa), the molar content of 
CuO in the CuO +Cu203 mixture can be calculated from the equation 

log(Xcuo) = 8.6248 - 3.218.103 (l/T, K -1) (3) 

At T=380 K and P =  105 Pa, on increase of p(02) in the system, the molar con- 
tent of Cu203 in the phase mixture CuO +Cu203 also increases (Fig. 3b). 

"~"~ 400 

350 o.. 
E 

3OO 
- 0 . 8  

~ 0.6 
250 0.4 

b) _ 0.2 

200 0 
Ar 20 40 60 80 Oz 

0 z I wt.*/, 

Fig. 3 Changes in range of temperature of existence of Cu203 (1), CuO (2) and their mix- 
tures (1, 2) as a function of the oxygen partial pressure (Pcom~o, = 105 Pa) (a). 
Dependence of mole fraction of Cu203 in the mixture Cu203 +CuO on the oxygen 
partial pressure at 380 K and Pcomm,= 105 P (b) 

The data show that crystalline Cu203 can exist as an individual phase. The ma- 
jority of investigators (see, for example, [14-18]) have tended to accept that the 
Cu 3+ state in the individual and double oxides is not stable under the usual condi- 
tions, and that high oxygen pressure must be used for the production of LaCuO 3 
[16], YCuO 3 [17] and LaSrCuO4 [18]. However, in the synthesis of the perovskite 
structure, stable Cu3+-Cu2+ contents can be achieved at P =  105 Pa in media of 
O2/air, as a rule at T<400-500~ [19-22]. 

For individual Cu203, we have found only one known characteristic. According 
to [23], this oxide decomposes at 100~ (373 K). This agrees well with our data. 

TM of solutions 

The results are given in Table 2 and Figs 4-6. 
It is seen from Table 2 that at T<600 K the content of Cu + is approximately 

equal to 0; at T>600 K, the Cu + content increases from 1.10-6% (600 K) to 
2.04-2.55% (1200 K). Consequently, for all solutions, only the Cu 2+ and Cu 3+ 
states of copper predominate. 

J. Thermal Anal., 48, 1997 
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Table 2 and Fig. 4 reveal that, in the interval 200-500 K, the concentrations of 
Cu 2+ and Cu 3+ change very sharply: the Cu 3+ content decreases and the Cu 2+ content 
increases. This is connected with the thermal stability of the Cu 3 + state in model solu- 
tions. The dependences of  (x, y ,  z, q, m) vs. T (Fig. 5) show that the oxygen indexes 
decrease in the interval 100-1200 K, especially sharply at 200-500 K. This fully 
agrees with the changes in the Cu 3+ contents in the solutions with temperature. 

A 
1 2 3 4 5 

100 

,u 80 

60 

40 

2O 

I I t Oxygen indexes 1 
0 ~ 7.0 

. I 

7.5 
~ |  . . . . .  

8.0 
I -  

9.0 
- -  I 

9.5 

t f t 

89 8.5 9.0 
I I I 

8.5 9.0 9.5 
1 I I 

9.5 10.0 10.5 11.0 
I I I t - 

10.0 10.5 11.0 11.5 

lb. 

Fig. 6 Dependence of [Cu 3+ content] vs. [oxygen index] in model solutions: 1: (123-O~), 
2: (123.5-Oy), 3: (124-Oz), 4: (125-Oq) and 5: (126-Om) 

The dependences of Cu 3+ content vs. (x, y, z, q, m) are presented in Fig. 6. For 
every model solution, the Cu 3 + content can be calculated via the following equations 
(in atomic percentage, from the common number of copper atoms in solution): 

123-Ox: [Cu 3+] = -433.866 + 66.71538x (4) 

123.5-Oy: [Cu 3+] =__ -407.4806 + 58.1893y (5) 

124-Oz: [Cu 3+] _= -374,863 + 49.9708z (6) 

125-Oq: [Cu 3+] _=_ -341.3257 + 40.1467q (7) 

126-Om: [Cu 3+] =-299.985 + 33.3357m (8) 

Of  course, direct comparisons of Cu 3 + contents and oxygen indexes in real su- 
perconductors and ideal model solutions at the same temperatures would be incor- 

J. Thermal Anal.. 48, 1997 
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rect: for the given initial conditions, the structure of superconductors/ideal model 
solutions must be different, as well as the properties connected with structure. 

In order to be able to utilize the data obtained, we made the following suppositions: 

i) The Cu 3+ and Cu 2+ contents in the YBaCuO superconductors/ideal solutions 
determine only the values of and changes in the oxygen index in a definite phase/so- 
lution. The number of oxygen atoms connected with Y and Ba is always constant. 

ii) Under equilibrium conditions for superconductors, the ratios of Cu 3+ and 
Cu 2 + contents and oxygen indices can be found from data obtained in computer ex- 
periments with use of the ISIP model (Fig. 6, Eqs (4-8)). 

Evaluation of some properties for superconductors 

The connection between the values of A/~298 for HTSC and solution for every 
family of HTSC/solution at equivalent meaning of the oxygen indexes (x, y, z, q, m) 
was determined in the following way. 

It is known that for complex oxides 

A/-/~29s(e/) J = ~'niAH~298(i ) + A/-/~29s(ox) j (9) 

where A/-/~298(e/)j and AH~298(ox)j are the standard enthalpies for the elements and 
simple oxides, respectively; n i is the number of moles of the simple i-th oxide in 

�9 . O �9 

the complex, and AH~298(l ) is the standard enthalpy of the t-th oxide. 
Taken into account the information obtained from the computer investigation of 

solid solutions, we made the supposition that 

sol AH~298(e/) j -= En~~ + A/-/~298 (ox)j (10) 

where sol relates to solution, and n~ ~ is the number of moles of the i-th simple ox- 
ide in solution�9 

In principle: 

EniA/~298(i) ~: En~~ and AH~ ~ AI-l~2~l(ox)j (11) 

as Cu203 was used for the first time as a constituent of the solution, and n~ ~ were 
determined in the modeling, but not as the ratios of the simple oxides in the HTSC 
molecule. 

For known oxygen indexes (x, y, z, p, q), the numbers of CuzO 3 and CuO moles 
in solutions were calculated with the help of the following equations: 

nSOl = ([Cu 3+ in %]nc~)/200 = [{A+B(x,y,z,q,m)}ncu]/200 (12) Cu20 

nSOJ - ([Cu 3+ in %]ncu)/i00 - [{A+B(x,y,z,q,m)}ncu]/lO0 (13) cuo = ncu = nCu 

J. Thermal Anal., 48, 1997 
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where ncu is the common number of copper atoms in the HTSC molecule; [Cu 3+] 
is calculated by means of Eqs (4)-(8). 

For the stable oxides Y203 and BaO: 

n s~ and _sol (14) 
Y203 --'= r/,Y203 rtBaO = nBa O 

The most important problem is the determination of M-t~29ts(ox). Analysis of the 
data obtained, and their comparison with literature data [24] show that, for all types 
of HTSC and oxygen indices values 

sol 
A/-~2~I(ox)j = ncu203z~298(Cu203) (15) 

Thus, the full equation for calculation of A/-/~298(e/) for every HTSC in the system 
YBaCuO is 

A/-~298(e/)j = n~Io3A/-/~298(Y203) + 

sol sol sol 
+ nBaoZ~298(BaO) + n c u o ~ 2 9 8 ( C u O )  + 2ncu203A/-/~298(Cu203) (16)  

The standard enthalpies of HTSC calculated with the help of (16) differ from the 
literature data within limits of +1.5 % (Table 3). 

The energetic 'addition' (15) permits creation from the ISIP structure of the 
perovskite type structure of the complex copper-containing oxide. As this 'addition' 
for all HTSC is connected with _sol ,,Cu:O 3 and AH~298(Cu203) , it is possible to assume 
that the creation of superconducting structures is mainly connected with definite en- 
ergetic expenditures for the distribution of Cu 3+ (and connected oxygen ions) in 
definite positions of the crystalline lattices. 

As A/-Pz~s(ox) is always negative, the structures of HTSC are more thermody- 
namically stable than the solid solution structures with the same compositions. 

The additive properties ~gs(J) and ~29s(J) were calculated with the help of the 
following equations: 

sol �9 sol o 
~98(J) = E n i  ~98(l) = n~o3~98(Y203) + naaoSa98(BaO) + 

sol sol 
+ ncuo~2298(CuO) + neu203~2298(Cu203), (17) 

sol �9 sol q208 )-- Z. i  q298( ) sol = nv203~29s(Y20 3) + nuaoC~p298(BaO) + 

sol sol 
+ n c u o q 2 9 8 ( C u O  ) + rtCu203q298(Cu203)" (18)  

The results of calculating with Eqs (17) and (18) differ from the literature data 
within +1.2% (Table 3). All data for simple oxides are taken from [12, 24]. 

3. Thermal Anal., 48, 1997 
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It is seen that the methods developed for determination of the most important 
thermochemical properties of the HTSC yield satisfactorily correct data. 

Possible  connection between T c and Cu 3+ content  f o r  superconductors 
(Fig. 7) 

This dependence involved application of the mean T e values of some supercon- 
ductors (Table 4) and the Cu 3+ contents obtained from the dependences oxygen in- 
dex vs. Cu 3+ content (Fig. 6, Eqs (4-8)). Figure 7 demonstrates a practically linear 
dependence 

To(in K)=  45.32265 + 1.4333[Cu3+(in %)] (19) 

This means that, for superconductors in the system YBaCuO, mainly the 
Cu3+-Cu 2+ contents determine the Tc values. 

From Eq. (14) and Eqs (4-8), it is possible to evaluate T e if the oxygen index of 
the superconductor is known; likewise, the oxygen index of the complex oxide can 
be estimated if  the T c value is known. 

Thus, for 125-Oq Tc would be equal to 74 K, and for 126-Om (Te=55 K [32, 39]) 
the oxygen index m would be equal to 9.2. 

Table 4 The oxygen indexes and To-values for superconductors in the YBaCuO system* 

Superconductor T~/K References 

123-O 7 93 [25] 
92 [32] 

123-O7 Tc =92.0 K 

124-O7.ss_sA 80 [33] 
80.4 [321 
79 [34] 

81 [35] 
124-O s To=80 K 
123.5-O7.15-7.5 14-68"* [36] 

86 [37] 
70 [32] 

123.5-O7.25 Tr K 
125-O 9 - [38] 

126-Om*** To=55 [32, 39, 40] 
123-06. 8 Te = 76 [40--47] 
123-O6. 6 T~ =52 [40--47] 

* the majority of data taken from [25]; 
** do not taken into accunt T c values of HTSC synthesized at high oxygen pressures; 
*** this phase can found as impurity. 

J. Thermal Anal., 48, 1997 
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Fig, 7 Dependence of T c vs. [Cu 3+ content] for some superconducting phases in the system 
YBaCuO: 1: (123-O7), 2: (124-Os), 3:(123.5-O7 z5 ), 4: (123-O6.s)and 
5: (123-O6.6) 

Conclusions 

Theoretically, it has been shown that the hypothetical oxide Cu203 can exist as 
an individual phase at low temperatures. It would be desirable to confirm this ex- 
perimentally, to verify the main thermochemical properties and to investigate the 
structure parameters for Cu203. 

For superconductor families in the system YBaCuO, use of the calculated ther- 
modynamic functions of Cu203, the model of ideal solution of interaction products, 
thermodynamic simulation methods and some suppositions has shown that the 
Cu 3 +-Cu 2+ contents are the dominating factors for every superconductor; this per- 
mits determination of the common oxygen index in the formula and some equilib- 
riurn properties. 

For complex superconducting cupper-containing oxides, a procedure for evalu- 
ation of some thermochemical properties is suggested. 

This work was supported by the Russian Fund for Fundamental Investigations (Project N96- 
03-32107). 
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