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1. ABSTRACT

A series of single phase
RBa; sSrgsCuzOy (R = La, Nd, Sm, Eu, Gd,
Dy, Ho and Y) compounds with a triple-
perovskite unit-cell has been prepared by
solid state reaction. Samples with a larger
radius of the R ion (R = La and Nd) are
tetragonal, while those with a smaller radius
of the Rion (R = Sm, Eu, Gd, Dy, Ho and Y)
are orthorhombic. The unit-cell parameters
of RBay sSrgsCuiOy decrease monotonically
with decreasing the radius of the R ion.
Linear dependence of the variation of the b
axis and unit-cell volume on the radius of the
R ion is observed. Thermal analyses show
that the peritectic transifion temperature (t,)
exhibits a maximum as the radius of the R
ion is decreased from R = La to R = Nd, and
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then gradually decreases with further
decrease in the radius of the Rion. Similar
behaviors are obtained in the change of the
amount of oxygen loss (Aw) in the peritectic
transition and the enthalpy of fusion (AHy
with respect to the decrease in the radius of
the R ion, but the maximum Aw and AHy are
observed for samples with R = Sm and Eu,
respectively. It is also found that an
increase in the AH¢ is correlated with
increasing t, for the respective othorhombic
and tetragonal phases of RBaj sSrysCu;Oy
compounds.

2. INTRODUCTION

Soon after the discovery of the 90 K
YBa,Cu305.5 superconductor (1), a series of
%0 K RBa;Cu;0y (R = rare-earth, except Ce,
Pr and Tb) superconductors is found (2,3).
All of the 90 K RBa>;Cuz0y, superconductors
exhibit an orthorhombic triple-perovskite
structure (4,5), indicating that both T, and
the structure of RBa;Cu30y are insensitive to
the substitution of the R ion. On the other
hand, if Ba is partially substituted with Sr in
YB6.2CU3O7_5, T, of YBaz-xerCmOy is
decreased from 92 to 83 K as x is increased
from 0 to 1 (6). Nevertheless, YBa,.
oSCuzOy  1s  still  isostructural  with
RBa,Cu30y (6). Interestingly, in YBa,.
1, Cus0y, if Y is replaced with Nd, the
structure of the resulting NdBa, SrcCu;0y
changes from orthorhombic to tetragonal as x
> 040 (7). For x = 1 in RBay,Sr,Cus;0,,
the structure of RBaSrCu;0y is related to the
radius of the Rion (rg). The RBaSrCu;0,
compounds with rr > rpy are tetragonal, while
those with rr < rpy are othorhombic (8).
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the particular R ion and the Sr content, the
structire  of RBaSrCusOy can be
orthorhombic or tetragonal. In this paper,
with a fixed Sr content, a series of single
phase RBa; sSrg sCuyOy compounds with R =
La, Nd, Sm, Eu, Gd, Dy, Ho and Y is
prepared.  Their preparation conditions,
unit-cell parameters, phase transition and
peritectic transition are studied.

2. EXPERIMENTAL

The RBal_ssl‘()A5CU3Oy samples with R =
La, Nd, Sm, Eu, Gd, Dy, Ho and Y were
prepared by a standard solid state reaction.
R;0; was preheated at 1000 °C for 10 h
and kept in desiccator prior to use.
Stoichiometric amounts of R;0s, SrCOs;,
BaCO; and CuO were weighed and ground
thoroughly with a Retsch Spectro Mill Type
MS for 30 min. The’ mixed powder was
calcined at 950 - 960 °C for 14 h in a box
furnace with three intermittent grindings and
then reground and pressed into 1 ¢cm diameter
pellet. The resultant pellet was sintered at
900 - 960 °C for 12 h in a tube furnace.
The optimum sintering temperatures for
obtaining single phase varied with the R ion
as listed in Table 1. After sintering, furnace
temperature was lowered to 400 °C at a rate
of 5 °C/min rate. All specimens were
annealed at 400 °C for 12 h under flowing
0O, atmosphere and furnace cooled to room
temperature.  Purity of the samples was
examined by a Mac Science MXP3 X-ray
powder diffractometer equipped with a Cu
K. radiation, Ni-filter and graphite
monochromater. The peaks of the X-ray
diffraction (XRD) pattern were corrected
with K, elimination and calibrated with an
internal Si standard. Unit-cell parameters
were calculated using least squares
refinement. Thermal analyses were
performed with a Mac Science Thermal
Analyzer System 001 equipped with TG-
DTA 2020 and DSC 3320, and were carried
under O, atmosphere with a flow rate of 25

mL-min™" and a heating rate of 10 °C- min"
'. TG-DTA was employed for measuring
the peritectic transition temperature and the
oxygen loss in the peritectic transition.
DSC was used for dertermining the reaction
enthalpy. The ionic radii of the R ions (rg)
with coordination number of 8 used in this
paper were reported by Shannon (9).

3. RESULTS AND DISCUSSION

As listed in Table 1, there are
differences in the preparation conditions for
obtaining single phase RBa, 58510 5Cu 0,
compounds. Lower oxygen partial pressure
is employed to prepare samples with a larger
R ion, but higher oxygen partial pressure is
used for samples with a smaller R ion. For
examples, LaBa,sSrsCusOy is calcined
under static air and sintered under flowing
nitrogen atmosphere, but HoBay 5SrgsCus0y
and YBa, 581y sCu;0y are synthesized under 1
atm oxygen pressure for the entire processes.
Similar results are observed in the
preparation of LaBa,Cu;Oy  and YBa,Cu30y
where the former is sintered under dried
nitrogen atmosphere (10) and the latter is
sintered under oxygen atmosphere (11).

Figure 1 shows the XRD patterns for all
the single phase RBa; 5519 5Cu30,
compounds. As shown in Figure 1, phase
transition in RBaj sSrgsCuzOy is clearly seen
by examining the intensity change in the
Miller indices of (006), (200) and (020)
planes of the XRD reflections in the range of
46 < 206 < 48° (11). Table 2 lists the
diffraction angles of the Miller indices of
(006), (200) and (020) planes of
RBa, 5819 5Cu3;0y compounds. For the
larger R ion, R = La or Nd, the peak intensity
of the (006) planes at 46.22° or 46.56° is
smaller than that of the (200) and (020)
planes at 46.52° or 46.74, indicating a
tetragonal triple-perovskite phase.  On the
contrary, for the smaller rare-earth ion (R=
Sm, Eu, Gd, Dy, Ho or Y), the peak intensity
of the (006) and (020) planes at the smaller




angle is higher than that of the (200) planes
at the larger angle, indicating an
orthorhombic phase. The dependence of the
structure on the radius of the R ion is also
observed in RBaSrCu;0, compounds (8).
Unit-cell parameters of RBaj sSrysCuz0y
compounds are listed in Table 3. Alf of the
parameters, a, b, ¢ axis and volume, are
gradually decreased with decreasing the ionic
radius of the R ion as shown in Figure 2. A
decrease in the a, b, and ¢ axis is attributed
mainly to a decrease in the radius of the R ion,
resulting in a shrink in all the direction of the
unit-ceil. It should be noted that for the
orthorhombic RBa; 5SrpsCu3Oy compounds,
the decreasing rate in the «a axis is much
greater than that in the & axis as shown in
Figure 2(a). This is probably because the
O5-site (0.5, 0, 0) in orthorhombic phase is
empty which allows the squeeze of the a axis
easier than that of the b axis where the
corresponding O4 site (0, 0.5, 0) 1s almost
fully occupied. A linear regression fitted to
the volume of the RBa(;sSrgsCuz0y
compounds with respect to the radius (r) of
the R 10n, obeying Vegard's law, is V = 114(3)
+ 0.56(3) r, where the correlation coefficient
is 0.991, and numbers in parentheses are
standard deviations referring to the last digit.
As shown in Table 3, the unit-cell axes
and volume of YBa, 5815 5CusOy are smaller
than those of HoBa;sSrgsCuzOy. This is
unexpected taking consideration that ionic
radius of Y is 1.019 A and that of Hois 1.015
A for 8 coordination number (9) as in the R-
site of the triple-perovskite center. Since all
the unit-cell parameters of YBa; sSrgsCuz0Oy
are clearly smaller than those of
HoBa, 5Srp sCu30y, it is conceivable that the
ionic radius of Y is actually smaller than
that of Ho in the triple-perovskite structure.
Orthorhombicity, 2(b — a)/(b + a), of the
orthorhombic RBay 5S1rg 5Cu30y compounds is
increased with decreasing the radius of the R
ion as can be seen in Table 3. It is clear that
a transition to the tetragonal phase is induced
for the larger R ion with rg = 1.109 A, while
the orthorhombic phase is induced for the

smaller R ion with rz £ 1.079 A. In the
NdBay.« s8r,Cu30y series where rg =1.109 A,
orthorhombic phase is observed only for
samples with x < 0.40 (7), but orthorhombic
phase is observed for samples with x < 1.50
in YBaz.sSrxCu;Oy series  (6) where ry
=1.019 A. A large R ion causes an increase
in all the a, b ¢ axis of the unit-cell.
When a axis is increased, the possibility of
filling oxygen atom in the O5-site is
increased, resulting in a phase transition from
orthorhombic to tetragonal.

Table 4 lists the peritectic transition
temperature (tp), the amount of the oxygen
loss (Aw) in the peritectic transition and the
enthalpy of fusion (AHs) of RBay 5sSrosCu30y
compounds. Figure 3 shows t, versus the
ionic radius of the R ion. Clearly, t, is
gradually increased 1o a maximum from R =
La to R =Nd, and decreased thereafter as the
radius of the R ion is further decreased.
Similar results are observed for Aw and AHy.
However, as shown in Figures 4 and 5, the
maximum Aw and AHs are observed for R =
Sm and R = Eu, respectively. Plotiing the
AH¢ versus tp in Figure 6, two lines are
separately drawn for orthorhombic and
tetragonal phases. An upward trend is
observed in both phases, indicating that an
increase in the heat of fusion is correlated
with increasing tp.

4. CONCLUSION

A series of RBa 581 5Cu3Oy compounds
is prepared. Unit-cell parameters are
gradually decreased with decreasing the
radius of the Rion. A phase transition from
tetragonal to othorhombic is induced as the
radius of the R ion is decreased. Peritectic
transition temperature, the amount of the
accompanied oxygen loss and the enthalpy of
fusion show a maximum for samples with R
=Nd, Sm and Eu, respectively. An increase
in AHyis correlated with increasing t, for the
respective  tetragonal and  othorhombic
RBa 581y sCusOy compounds.
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TABLE 1
Preparation Conditions of the RBa, s8r, sCu,0, Compounds

Atmosphere
R Calcination (°C) Sintering (°C) Annealing (°C)
La 950/static air Y60/Aowing N, 400/Aewing O,
Nd S60/static air 920/fiowing O, 400/flowing O,
Sm, Eu, Gd, Dy 950/static air 900/flowing O, 400/flowing O,
Ho 950/flowing O, 930/fiowing O, 4G0/flowing O,
Y 950/flowing O, 950iflowing O, 400/flowing O,

TABLE 2
The 28 Angle of (006), (200), and (020) Bragg Diffraction
for RBa, 551y sCu;0, Compounds

{200 (006)

R {006) (020) (020 {200) Phase
La 46.22 46.52 tetragonal
Nd 46.56 46.74 tetragonal
Sm 46.64 47.18 orthorhombic
Eu 46.70 47.32 orthorhombic
Gd 46,76 47 .46 orthorhombic
Dy 46.82 47.66 orthorhombic
Ho 46.88 4774 orthorhombic
Y 46.90 47.80 orthorhombic

TABLE 3

Unit-Cell Parameters and Orthorhombicity of RBa, St sCu,0, Compounds

R R®* radius (A) a (&) b(A) c (A) vV (A) Orthorhombicity

La 1.160 3.8982(6) - 11.75%3)  178.68(7) 0

Nd 1.109 3.8887(2) - 11.689(1)  176.76(3) 0

Sm 1.079 3.8424(8) 3.8836(8) 11.657(4)  173.95(8) 0.0106
Eu 1.066 3.8361(4) 3.8830(6) 11.655(3)  173.61(5) 0.0121
Gd 1.053 - 3.8285(7) 3.8782(8) 11.654(4)  173.03(8) 0.0129
Dy 1.027 3.8068(9) 3.8743(9) 11.632(5)  171.55(9) 0.0176
Ho 1.015 3.8042(4) 3.8739(4) 11L.610(2)  171.10(4) 0.0181
Y 1.019 37976010y 3.8725(10)  11.606(5)  L70.68(9) 0.0196

Numbers in parentheses are standard deviations referring to the last digit.

TABLE 4
Peritectic Transition Temperature (t,).
the Accompanied Oxygen Loss (Aw),
and Enthalpy of Fusion (AH;) of
RBa, 551 sCu30, Compounds

R L, (°0) Awmol™") AH, (kJ-mol™")
La 1092 0.324 140
Nd 1117 0.469 211
Sm 1112 0.475 243
Eu 1103 0.430 245
Gd 1090 0.455 225
Dy 1064 0.380 206
Ho 1055 0.394 179
Y 1060 0.322 159




TABLE 5

Teizeroy 290 K Resistivity, and the Resistivity Ratio of
RBa, 451y sCu;0, Compounds
R T ecgeren (K AT, (K) (p290)}m&cm)  (phOOY(p290)
La 524 8.8 9.76 1.29
Nd 56.4 10.2 - 6.70 1.24
Sm 70.7 83 3.37 1.22
Eu 76.8 64 4.03 1.25
Gd 85.6 1.7 2.92 1.46
Dy 86.5 1.1 2.25 1.58
Ho 86.8 1.5 1.43 1.76
Y 87.4 13 1.32 1.89
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XRD patterns of single-phase RBa, sSry sCu;0, compounds with R = La. Nd, Sm, Eu, Gd.
Dy, Ho, and Y. '
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Unit-cell parameters (a, b, and ¢ axes and volume) vs. ionic radius of the R ion for
RBay 5514 sCu;0, compounds.
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t, vs. ionic radius of the R ion for RBa, ;514 5Cu;0, compounds.
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Aw vs. ionic radius of the R ion for RBa, s8r, sCu;0, compounds.
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AH, vs. ionic radius of the R ion for RBa, sSry sCu30, compounds.
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Temperature-dependent normalized resistivity of RBay 58rg sCu30, compounds.




