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Abstract

Enthalpy, entropy, specific heat, melting point and associated enthalpy change are
calculated for 34 different phases considered to exist in the Y-Ba—Cu-O system. Polyno-
mial coefficients for expressing the reduced Gibbs energy are also listed. Theoretically
evaluated data are compared with the standard enthalpies of formation from their elements
of the known compounds: Y,BaCuO;; YBa,Cu,0,; BaCuO,; Y,Cu,0s; YCuO,.

INTRODUCTION

According to the data given in refs. 1-10, in the system Y-Ba-Cu-0O
other phases have been found, besides the known compounds BaCuO,,
Y,BaCuOs, Y,Cu,0s, YCuO, and YBa,Cu,0, (where y varies from 6 to
7) (Table 1).

Current data about phases are necessary to perform research based on
thermodynamical simulation (TS) [11,12].

The purpose of this work is to estimate the thermodynamic and thermo-
chemical properties of some phases, and to calculate their reduced Gibbs
energies.

A comparison of calculated and experimental values of the properties of
a number of substances has been made.
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TABLE 1
Phases in the system Y-Ba-Cu-O ?

Phases Ref.
Ba,Cu0O,, Ba,CuO,, Y,Ba,0,, Y,BaO, 1
Y,Ba,0,, Y,Ba,0s, Y,BaO,, Y,Ba;0,, Y;BaCuO,° 2
Ba,Cu0;, Y,Ba0,, Y,Ba,0;, Y,Ba,0,, YBa;Cu,0,;° 3
4
5

YBa,Cu,O; ¢, Y,Ba,Cu,0,,,, ©
YBa;Cu,04 °, Y,BaO,, Y,Ba,0,
Ba,CuO,, Y,Ba0O,, Y,Ba;0,, YBa,Cu;04 °, YBasCu,O4 ®°,
Y;BagCus0y; 5 ° 6
Ba,Cu0O;,, Ba,CuO,, Y,Cu0O,, Y,BaO,, Y,Ba,0;, Y,Ba;Oy,
Y,Ba,0,, YBa,Cu,Og, YBaCu,0, ®, YBa,Cu,04; °,
YBa,Cu,04 s °, YBa,Cu,0, 5 ® YBasCu,0y5 °, YBa,CuOs s °,
YBa,CuO,; *, Y;BagCus0,,5 ° Y,BaCu;0;,° 7
Ba,Cu0,, Ba,Cu,0;.,,, YBa,Cu;045 °, YBagCu; 0,05 °,
Y;BagCu;0,,5 °, Ba,Cu0,, Ba,CuO,, Y,BaO,, Y,Ba,0,,

Y,Ba,0,, YBa,;Cu,0,5°, 8
Y,Ba;Cus0y; 4, Y,BaCu;0,_,, Y,Ba,Cu;045, , °, YBa,Cu,Og,

Y;BagCus0y4.45, YBasCuyOy 5, 9
Y,Ba0,, Y,Ba,0, Y,Cu,0;, YBa,Cu;0;z4;, Y3BagCusOy4,

YBa;Cu,044,, Y;BagCusOy4 10

? The existence of phases BaCuQ,, Y,BaCuQs, Y,Cu,0;, YCuO, and YBa,Cu;0, (where
y varies from 6 to 7) is considered proved.
b The oxygen content is calculated on the assumption that the cations of yttrium, barium

and copper have valencies 3, 2 and 2 respectively.
¢ Superconductors with T, = 80 K (YBa,Cu,Oy) and 14-68 K (Y,Ba,Cu,0,,,,) [5,13,14].

CALCULATIONS
Some preliminary explanations

In most papers [1-10] the oxygen index in compounds either is not
estimated or is not mentioned. These indexes arc¢ calculated by proceeding
from the valencies of yttrium, barium and copper, which are equal to 3, 2
and 2 respectively.

The algorithm of the program complex asTra [11] does not allow the use
of formulae containing fractional numbers of atoms. We have therefore
adjusted such numbers to integers wherever possible, and doubled the
formulae of compounds whose oxygen index is, for example, 6.5 of 8.5, etc.

The estimation of the thermodynamic functions of the superconducting
phases YBa,Cu,O; and Y,Ba,Cu,0,,_, is of special interest. According
to ref. 13 YBa,Cu,Oy has a narrow range of oxygen content (7.85-8.1) and
T, = 80 K. Thus, the group of formulae with oxygen index 8 describes this
phase well enough. According to ref. 14, compounds Y,Ba,Cu,0,,3_150,
are superconducting with 7, = 14-68 K. We had no possibility of describing
these compounds by fractional oxygen indexes, so we estimated thermody-
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namical functions for Y,Ba,Cu,0,, (non-SC phase) and Y,Ba,Cu.O,; (Sc
phase).

According to various authors, some compounds have different oxygen
indexes at equal cation compositions. We used those values of indexes that
are found in several papers and/or obtained from the most reliable
experiments. For some phases, which in our opinion, have not been
analysed correctly, we did not make calculations of thermodynamic func-
tions.

Calculations of thermodynamic and thermochemical properties were
performed by using the methods described in refs. 15 and 16. The tempera-
ture dependence of the reduced Gibbs free energy was calculated using the
sub-program TERMOS in ASTRA, in the form

X =y, +y,(In x) +y;x +y,x L+ yx +ysx2 +y,x° (1)

where y, are numerical coefficients, x=TX10"* (T in K) (technical
system of units).

Table 2 shows properties of 34 phases. For compounds 1-4 properties
have been calculated previously [15]; for the remainder, these properties
are given for the first time.

COMPARISON WITH LITERATURE

We consider it necessary to compare calculated properties with known
literature values. Such a comparison was made for YCuO,, YBa,Cu,O
(Y,Ba,CucO,;), YBa,Cu,04 Yba,Cu;0, BaCuO,, Y,BaCuO; and
Y,Cu,0;, mainly of standard enthalpies of formation from their elements.
For the other phases we did not find any data about properties.

In a number of papers, the standard enthalpies of formation from oxides
(A Hjgg ig.) Were measured; conversion of those values to the enthalpies of
formation from the elements was performed by the equation

A H35(i) = A H3gg oxiae(i) + Z A H3gg(0xide) (2)

n=2

YBa,Cu,0, (123-0,): Standard enthalpy of formation from elements

The design value is 662.3 kcal mol~!. In ref. 16 it is quoted as —663.6
kcal mol~'. An approximation of data from ref. 17 made in ref. 18 gives the
value of —651.3 kcal mol~!. Averaging various data from ref. 18 leads to a
value of —650.0 kcal mol~!. Refs. 19 and 20 give values of —645.4 and
—638.9 kcal mol ™, respectively. In ref. 21 AH3gg oiqe(123-0,) = —45.48
kcal mol~! (in oxygen).
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Conversion by eqn. (2)
AH§98(123—07) =A 398,oxide(123_07) + O-SAH°298(Y203)

+ 1.5A Hoyg(BaO) + 0.5A Hyg(BaO, ) + 3A H3ge(CuO)
3)

gives the value —658.8 kcal mol ™1

In the same paper, for an air atmosphere, A H3gg o,iq.(123-0,) = —36.97
kcal mol~!. Conversion by eqn. (3) leads to the value of —650.2 kcal mol 1.

According to ref. 8 the enthalpy of formation from oxides is —16.71 kcal
mol~!. Calculation by eqn. (3) gives the value —630.0 kcal mol~!. Another
possible way of estimating A H3,(123-0,) is by eqn. (2).

In ref. 22 A H54,(Cu,0,) is calculated as —84.9 kcal mol~'. With the use
of these data and the enthalpy of formation of 123-O, from oxides, we can
calculate A H54(123-0,) by the equation

AH§98(123‘O7) = AH;98,oxide(123_O7) + 0~5AH§98(Y203)

+ 2A H25(BaO) + 2A H3oe(CuO) + 0.5A He(Cu,05)
(4)

Conversion of data from refs. 8 and 21 by eqn. (4) leads to the values of
—654.4 kcal mol ! (in oxygen), —645.9 kcal mol~! (in air) [21] and —625.7
kcal mol ! [8].

The average of 11 values of A H344(123-0,) is —646.7 kcal mol ~!, which
differs from the calculated value by about 2.4%.

Standard entropy of formation from elements S594(123-0,)

The design value is 78.12 cal mol™! K~!. According to data in refs. 9,
8205(123-0,) =77.36 or 76.92 cal mol~! K~'. According to ref. 23,
8555(123-0,) = —76.9 cal mol ™! K.

Heat capacity at 298 K C,(298)
The design value is 67.67 cal mol~! K. According to refs. 9 and 23,
values are 68.34, 67.5 and 67.46 cal mol™! K™,

Value of H%9s — HY,

According to calculation the value is 12297 cal mol~!. According to refs.
9 and 23, —12250, 12140 and 12146 cal mol 1.
Y,Ba ,Cuz0,;; (YBa,Cu;0; 5): Standard enthalpy of formation from elements

The design value is —1298.2 kcal mol~!. According to ref. 17 for the
composition 123-0 ,,, A H3ss = —1277.4 kcal mol ! (after doubling). The
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value according to ref. 19 is —1280 kcal mol~". In ref. 24, A H3gq (123
Ogs) = —34.19 kcal mol~'. After conversion by eqn. (2) and doubling, we
obtain —1275.6 kcal mol .

YBa,Cu ;0,: Standard enthalpy of formation from elements

The design value is —628.5 kcal mol . An approximation of data from
ref. 17, made in ref. 18, leads to the value of —640.7 kcal mol~'. Averaging
of values in ref. 18, leads to the value of —631.6 kcal mol~!. According to
data in ref. 9, AHjqy4(123-O4) = —34.19 kcal mol~'. Conversion by

eqn. (2) gives the value —621.4 kcal mol™'.

BaCuO,: Standard enthalpy of formation from elements

The design value is —183.4 kcal mol ™. According to refs. 9 and 25
AH3 oxigelBaCuO,) = —23.45 and —22.31 keal mol~ 1, respectively. Con-
version by eqn. (2) gives the values —192.8 and —191.7 kcal mol !,
respectively. According to ref. 25, A H3og(BaCuO,) = — 192 kcal mol .

In ref. 26 the standard enthalpies of formation from their elements of
BaCuO, ,;, BaCuO, s and BaCuO, were estimated, as —190.6, —193.5
and —187.7 kcal mol ™!, respectively.

Melting points, according to calculations and data in ref. 27, are 1280
and 1223 K, respectively.

Y,BaCuQ;: Standard enthalpy of formation from elements

The design value is —659.8 kcal mol~!. According to ref. 9, the enthalpy
of formation from oxides is —18.72 kcal mol~!. Conversion by eqn. (2)
gives the value —643.5 kcal mol™!. According to ref. 24, AHj5(Y,-
BaCuO,) = —647.3 kcal mol .

Melting points, according to calculations and data in ref. 27, are 1545
and 1423 K, respectively.

Y,Cu,0;: Standard enthalpy of formation from elements

The design value is —526.3 kcal mol~!. According to ref. 9
A HSgq yiae(Y,Cu,05) = 13.38 keal mol~'. Conversion by ref. (2) gives the
value —543 kcal mol~!. According to the data in ref. 28 the enthalpy of
formation is 549.3 kcal mol 1 Melting points, according to calculations and
data in ref. 27, are 1500 and 1423 K, respectively.

YCuO,

Design values of AHj5, and 854 are —261.3 kcal mol ™! and 23.9 cal
mol~! K~1. According to ref. 28, these values are —255.9 kcal mol~! and
21.76 cal mol~! K1,
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In general, calculated and measured properties show good agreement
and suggest promising uses of these calculations of thermodynamic data.

Table 3 summarizes the coefficients y, of the approximating polynomial
&k in eqn. (1).

CONCLUSIONS

On the basis of analysis of data for the Y~Ba—Cu-O system 34 phases
(stable, metastable of hypothetical) were chosen, and identified in it.
Calculations were used to estimate A H3gg, 8505, Hagg — Hy, C(T), Teyring
and A H, g, in addition to the temperature dependence of the reduced
Gibbs energy in the range 298-6000 K.

Calculated and experimentally measured properties of YBa,Cu,0,,
YBa,Cu;04,, YBa,Cu;04, BaCuO,, Y,BaCuOs, Y,Cu,0s and YCuO,
are in satisfactory agreement.

The data presented can be found useful in the further classification of
phase compatibilities [29] as well as of formation under non-equilibrium
(interface curvature of stress) conditions [30].
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