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The heat capacities of Ba,YCu,0;_, (x = 0.18, 0.35, and 0.60) were measured in the range from room
temperature to 860 K by an adiabatic scanning calorimeter. X-ray diffraction analyses were also
performed on the quenched and annealed samples. No heat capacity anomaly was seen in either
orthorhombic(I) Ba,Y Cu;0q g, or tetragonal Ba,Y Cu;Og 4 . For Ba;YCu;3 O 45, the heat capacity anomaly
was observed above 700 K, which was correlated with the phase transition from orthorhombic(l) to
orthorhombic(Il) structure. The phase relations among orthorhombic(I), orthorhombic(Il), and the
tetragonal phases were also clarified. © 1990 Academic Press, Inc.

1. Introduction

We have reported the occurrence of a
phase transition from the orthorhombic to
the tetragonal structure in Ba,YCu,0;_, in
the range x = 0.35-0.40 at temperatures of
773-973 K, based both on the oxygen partial
pressure dependence of oxygen nonstoichi-
ometry x and on the compositional depen-
dence of the chemical diffusion coefficient
of oxygen (1). The phase transition from the
orthorhombic to the tetragonal structure in
Ba,YCu,;0,_, was also observed by high
temperature X-ray (2—4) and neutron (5) dif-
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fractometry, but the phase boundary deter-
mined by these methods did not agree well
since these experiments were carried out
on the samples held under constant oxygen
partial pressure, so that the composition
could change with temperature. Moreover
several investigators described a new ortho-
rhombic phase(Il) with a somewhat lower
critical temperature T, (50-70 K) and larger
x in addition to the orthorhombic phase(l)
with a higher T, (~90 K) and smaller x value
in Ba,YCu,0,_, by X-ray diffractometry (6,
7), electron diffractometry (8), diamagnetic
magnetization measurement (9), resistivity
measurement (10), and thermogravimetry
(I11). However, the phase boundary be-
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tween the orthorhombic(I) phase and the
orthorhombic(II) phase determined by the
previous investigators (6—11) was not in
good agreement.

The heat capacity of Ba,YCu,0,_, at high
temperatures above room temperature,
which is an important thermodynamic prop-
erty, has not yet been measured for correla-
tion with the phase transition between the
orthorhombic phase(I) and the orthorhom-
bic phase(II).

In the present study, the heat capacity
measurements of Ba,YCu;O0;_, (x = 0.18,
0.35, and 0.60) at high temperatures (room
temperature—860 K), the electrical resist-
ivity measurements of the samples (x =
0.35) at low temperatures below 230 K, and
the X-ray diffraction analyses of the samples
(x = 0.18, 0.25, 0.33, 0.35, 0.36, 0.39, 0.60)
were made in order to elucidate the phase
relation among three phases of orthorhom-
bic(I), orthorhombic(Il), and tetragonal
structures in Ba,YCu;0,_,.

2. Experimental

Sample preparation from Y,0;, BaCO;,
and CuO powders and the analytical meth-
ods for the determination of Ba, Y, and Cu
have been described in our previous paper
).

Three samples of Ba,YCu;0,_, with dif-
ferent values of oxygen composition 7 — x
(x = 0.18, 0.35, and 0.60) used for the heat
capacity measurements were prepared by
annealing the specimens at a selected tem-
perature (7) in a selected oxygen partial
pressure (Pg,) for 16 hr based on the relation
among temperature—oxygen partial pres-
sure—oXxygen nonstoichiometry which was
obtained by the present authors (I): i.e., T
= 873 K and Py, = 10° Paforx = 0.18; T
= 923 K and Py, = 10** Pa for x = 0.35;
and T = 1073 K and Py, = 10**? Pafor x =
0.60; the samples were then quenched in a
dry-ice—ethanol bath. The quenched sample
powder (~12 g) was sealed in a small quartz
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Fi1G. 1. Heat capacity of Ba,YCu;0;_,. A, (O) Ba,Y-

Cu;0,_, (x = 0.18) in this study. B, (O) Ba,YCu30,_,

(x = 0.60) in this study. —, Heat capacity curves by

the least-squares method for Ba,YCu;0,_, (x = 0.18

and 0.60) in this study; ——, Ba,YCu;0;_, (x = 0.07)
by Kitazawa et al. (13); ——, Ba,YCu;0,_, (x = 0.1)
by Braun et al. (I14); ————, Ba;,DyCu;0, by Atake et

al. (15).

vessel to avoid significant compositional
changes during heat-capacity measure-
ments. Helium gas (~20 kPa) was added to
aid in thermal equilibration within the quartz
vessel. The sample in the quartz vessel was
then annealed at 573 K for 48 hr prior to
measuring the heat capacity of Ba,Y-
Cu;0,_, in an adiabatic scanning calorime-
ter (12).

Electrical resistivity measurements were
made on the quenched and annealed sam-
ples with x = 0.35 at low temperature below
230 K.

X-ray diffraction analyses were per-
formed for the quenched and annealed sam-
ples with several x values (x = 0.25, 0.33,
0.36, 0.39) in addition to three samples used
in the heat-capacity measurements; all sam-
ples were prepared based on the known T
— Po, — x relations (/).

3. Results and Discussion

The heat capacity of Ba,YCu,0,_, (x =
0.18) measured from 325 to 860 K in this
study is shown in Fig. 1, together with those
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F1G. 2. Heat capacity of Ba,YCu,0;_, (x = 0.35).
—, Heat capacity curve below about 600 K by the least-
squares method.

of Ba,YCu;P,_, (x = 0.07, as estimated by
the present authors from the reported prepa-
ration condition of the sample) as published
by Kitazawa et al. (13), those of Ba,Y-
Cu;0;_, (x = 0.1, an assumed value) mea-
sured by Braun et al. (I14), and those of
Ba,DyCu;0, by Atake et al. (15), all of
which were measured below 300 K. As is
seen in the figure, no heat-capacity anomaly
is observed above 325 K. X-ray diffraction
analyses indicated that both powdered sam-
ples of Ba,YCu;O,_, (x = 0.18) after
quenching from 873 K and after annealing
at 573 K for 48 hr were only in the ortho-
rhombic phase(I), according to the diffrac-
tion pattern reported by Chen et al. (6). It is,
therefore, concluded that there is no phase
transition in Ba,YCu;0,_, (x = 0.18) be-
tween 325 and 873 K. The equation for the
heat capacity of Ba,YCu;0,_, (x = 0.18) is
deterfnined by the least-squares method as
Eq. (1) and shown by a solid line in Fig. 1.

C,/J K~' mole! = 3.7848 x 102
+ 3.0977 x 10-AK/K) — 5.1902
x 10% (T/K)~" + 6.6601 x 105T/K)",
(325 = T=860K). (1)

The heat capacity of Ba,YCu,0;_, (x =
0.35) measured from 325 to 860 K in the
present study is shown in Fig. 2. Anincrease
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of the heat capacity was observed at the
temperatures above about 700 K. By com-
paring the X-ray diffraction patterns of
Ba,YCu,0,_, (x = 0.35) obtained in this
study to those reported by Chen et al. (6),
it was found that the sample powder an-
nealed at 573 K for 48 hr (as used for the
heat capacity measurement) formed a single
orthorhombic(I) phase, while the sample
powder quenched from 923 K formed a sin-
gle orthorhombic(II) phase. The occurrence
of the phase transition from orthorhombic(I)
to orthorhombic(Il) structure in Ba,Y-
Cu;0,_, has also been suggsted by X-ray
diffractometry (6, 7), electrical resistivity
measurements (/0), magnetic measure-
ments (8, 9), and thermogravimetry (/7). It
is, therefore, believed that the increase in
the heat capacity above 700 K is related to
the phase transition from the orthorhom-
bic(D) to the orthorhombic(Il) structure. The
transition temperature from orthorhom-
bic(I) to orthorhombic(Il) structure, how-
ever, is considered to lie between 860 and
923 K, from the fact that the heat capacity
peak probably appeared above the experi-
mental temperature range (7 > 860 K) and
that the orthorhombic(II) phase was ob-
served in the sample quenched from 923 K
by X-ray diffraction. The equation for the
heat capacity of Ba,YCu,0,_, (x = 0.35) in
the temperature range from 325 to 650 K
determined by the least-squares method is
expressed by Eq. (2) and shown in Fig. 2:

C,/T K~ mole”! = 3.7371 x 10
+1.2230 x 107(T/K) — 4.1022
x 10% (T/K)™' + 4.4694 x 105T/K)2,
B25=T=650K). ()

The electrical resistivities of the
quenched and annealed samples of Ba,Y-
Cu;0,_, (x = 0.35) measured in this study
are shown in Fig. 3 as a function of tempera-
ture. The different temperature depen-
dences of these two samples also provide
evidence for the phase transition.
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F1G. 3. Low temperature resistivity of Ba,YCu;0,_,
(x = 0.35). A, quenched from 923 K in air. B, annealed
for 3 days at 573 K in a sealed quartz glass.

The heat capacity of Ba,YCu;0;_, (x =
0.60) is shown in Fig. 1 in comparison with
that of Ba,YCu,0,_, (x = 0.18). The differ-
ence in the heat capacity is probably caused
by the difference in the crystal structure (the
former is in the tetragonal and the latter
is in the orthorhombic structure). No heat
capacity anomaly is seen in the temperature
range between 325 and 800 K. X-ray diffrac-
tion analysis indicated that both sample
powders of Ba,YCu;O,_, (x = 0.60)
quenched from 1073 K and annealed at 573
K for 48 hr after quenching from 1073 K
formed a single tetragonal phase. It is con-
cluded that there is no phase transition in
Ba,YCu;0,_, (x = 0.60) and that the tetrag-
onal structure is maintained up to 1073 K.
The equation of the heat capacity of Ba,Y-
Cu,0,_, (x = 0.60) determined by the least-
squares method is given as Eq. (3) and
shown in Fig. 1:

C,/J K ' mole™! = 4.6605 x 10?
— 5.4034 x 107X T/K) — 4.9671
x 102 (T/K)~' + 1.7776 x 103(T/K)~2,

(325 =T=800K). (3)
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F1G. 4. Phase diagram of the Ba,YCu;0;_, system.
—, Phase boundaries determined in this study. Phase
boundaries reported by various investigators:

a(l); b2); c(5); d(6); &(7); f(8); 8(9); h(10); -+, ortho-

rhombic(I) (O(1))/orthorhombic(Il) (O(I1)); ———,

orthorhombic (I or II)/tetragonal (T).
<« -—>, temperature range investigated by the heat ca-
pacity measurement in this study; «——, compositional
range of the single orthorhombic or tetragonal phase
previously determined from the relations between log
x and log Po, and also between log x and log D by the
present authors (7). x, O(I); O, O(Il); and @, T phases
determined by X-ray diffraction analyses in this study.
., orthorhombic (I) phase region; £3, orthorhombic
(11) phase region; @, tetragonal phase region.

In Fig. 4 the phase relations among ortho-
rhombic(I), orthorhombic(Il), and tetrago-
nal phases are summarized on the basis of
the results reported so far (I, 2, 5-10), and
the present result including the X-ray dif-
fraction data for the samples with various x
values (x = 0.25, 0.33, 0.36, 0.39), in addi-
tion to three samples (x = 0.18, 0.35, 0.60)
for the heat capacity measurement. Itis seen
in the figure that the orthorhombic(l) to te-
tragonal phase transition occurs close to x
= 0.38 below about 900 K, and that the
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orthorhombic(I) to orthorhombic(Il) phase
transition and the orthorhombic(Il) to te-
tragonal phase transition occur near x =
0.35 and 0.38, respectively, in the range be-
tween roughly 900 and 1000 K.
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