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High pressure-high temperature electrical resistivity study on composition-controlled
Nd0.9Ca0.1Ba2Cu3O7−δ high Tc superconductor (HTSC) is carried out by a four-probe
technique using Bridgman anvils. A simple heating coil arrangement is used for heating
the samples. Electrical resistivity behavior under pressure (up to a maximum of 8 GPa)
at various temperatures (up to a maximum of 523 K) were studied and reported in this
paper. Simulation of energy dispersive X-ray diffraction confirms substitution of calcium
at the Nd site of Nd-123. Variation of the electrical resistivity under pressure is compared
with that of the structural changes and the bulk modulus was determined.
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1. Introduction

Among the known high temperature superconducting compounds, MeBa2Cu3O7−δ

(Me = Y and Nd) are considered to be the most promising bulk materials for cry-
omagnetic application.1 Calcium doped on Y-123 family is widely studied because
of its effect on direct charge transfer. Calcium doping in YBa2Cu4O7−δ by 10% in-
creases the superconducting transition temperature upto 90 K. The reason for the
enhancement of Tc in Y-124 was explained by the generation of additional holes
into the CuO2 planes2 due to the partial replacement of the Y3+ by Ca2+. For
geometrical reasons Ca should preferably substitute Y site since the ionic radius of
Y (r = 1.019 Å) is much closer to that of Ca than to that of Ba2+(r = 1.42 Å).3

The application of high temperature in solids brings in changes such as melt-
ing, atomic and electronic excitation and eventually to ionization and formation
of plasma state. The study of solids under high pressure and high temperature is
the simplest way to change lattice spacing that leads to the discovery of the new
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phenomena, new faces and new forms of electronic order. Hence, it is interesting
to carry out high pressure-high temperature studies. Extensive studies on solids
at high temperature and high pressure have been done by several workers.4 Hall
effect and normal state resistivity of sintered samples of Nd1−xCaxBa2Cu3O7−δ

were studied in order to understand the role of Ca. The results indicated that
disorder in the CuO2 plane increased with increasing Ca doping.5 Strontium sub-
stituted YBCO is an example for increasing Tc with chemical pressure, which cor-
responds to a hydrostatic pressure of 10 GPa approximately.6 Similar results may
also be expected in Nd-123 based system that has a wider homogeneity range and
a highest Tc of 96 K. In this paper, the electrical resistivity study is carried out
on Nd0.9Ca0.1Ba2Cu3O7−δ under pressure and temperature upto a maximum of
8 GPa and 523 K, respectively, in an opposed anvil high pressure device.

2. Experimental

The composition controlled Nd0.9Ca0.1Ba2Cu3O7−δ is synthesized by solid state
method.7 Briefly, high purity Nd2O3, BaCO3, CuO, CaCO3 were taken in stoichio-
metric composition and ground finely. The pellets of the mixture were then calcined
at 1173 K, 1193 K and at 1193 K with intermediate grindings. They were annealed
in flowing oxygen at 733 K for three days and the temperature was finally decreased
to room temperature at the rate of 12 K/h.

Energy dispersive X-ray powder diffraction (EDXRD) studies are carried out
on a Nd0.90Ca0.10Ba2Cu3O7−δ system using white X-rays from the copper tar-
get produced by Rigaku Rotating anode X-ray generator. X-ray diffraction mea-
surement confirms the formation of single phase. The system was indexed with
XRDA software8 and found to crystallize in orthorhombic structure with space
group Pmmm. EDXRD simulation has been done by theoretical calculation of the
intensities using X-ray powder diffraction (XPOW) software, where the intensities
are generated with respect to the atomic positions.9 Experimentally determined lat-
tice parameters, space group, crystal system, detector angle, position coordinates
with their weightage factors and the energy range in which the data was collected
were used for the simulation of the EDXRD pattern. Experimental and the simu-
lated EDXRD pattern of Nd0.90Ca0.10Ba2Cu3O7−δ is shown in Fig. 1. Simulated
EDXRD pattern confirms the substitution of calcium at the Nd site of Nd-123.

High pressure electrical resistivity studies at room temperature were made by
standard four-probe method using Bridgman opposed anvil apparatus. The opposed
anvils are made of EN24 alloy steel hardened by heat treating and tempering to
Rockwell C60.10 The working face of the anvils has a diameter of 10 mm. Pyro-
phyllite gaskets of dimension 10 mm outer diameter, 2 mm inner diameter and a
thickness of 0.5 mm were used. Steatite is the pressure-transmitting medium and
bismuth is used as the pressure calibrant.

The electrical resistivity studies at high pressure and high temperature were
done using Opposed Anvil High Pressure Device along with a heating coil
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Fig. 1. The (a) experimental and (b) simulated EDXRD pattern of Nd0.90Ca0.10Ba2Cu3O7−δ.

Fig. 2. High pressure-high temperature electrical resistivity setup.

arrangement, which is shown in Fig. 2. A temperature stability of ±2 K was ob-
tained. The power to the coil is controlled by a variac and the temperature has been
maintained using a temperature controller.11 In this arrangement, a chromel-alumel
thermocouple connected together by spot welding is used as a temperature sensor.
The spot welded junction was hammered and made very thin and flat. A sample of
thickness 0.1 mm has been used for the resistivity measurements. The temperature
was determined from the calibration chart, thermo emf versus temperature. The
thermocouples, sample and the heater were assembled for good thermal contact and
the mica sheets and tapes were used for insulating purposes. The position of the
sample and the thermocouple in the high pressure-high temperature arrangement
using heating coil setup is shown in Fig. 2.
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3. Results and Discussion

Nd0.9Ca0.1Ba2Cu3O7−δ system is found to crystallize in orthorhombic structure
with lattice parameters a = 3.8604 ± 0.01 Å, b = 3.9040 ± 0.01 Å, c = 11.751 ±
0.01 Å and v = 177.1 Å3 and are in good agreement with the literature.12,13 The
measurements were carried out at different temperatures 323 K, 373 K, 423 K, 473 K
and 523 K (maximum temperature studied) as is shown in Fig. 3. Better contacts
were established by giving a small load, which corresponds to 0.3 GPa at the sample
site. Hence, resistivity at 0.3 GPa was chosen for normalization. Measurements were
carried out for both loading and unloading pressures. It shows a reversible resistivity
behavior with small hysterisis under pressure. It is also evidenced that the initial
decrease in the resistivity is not mainly due to the compaction of the sample and
is a real effect caused due to the structural changes in the sample on application
of pressure. The electrical resistivity of Nd0.9Ca0.1Ba2Cu3O7−δ is found to be the
lowest than the other concentrations of Ca (for less than 10%) at the neodymium
site.13

Electrical resistivity decreases with increasing calcium concentration at the Nd
site at normal atmosphere and shows improved metallic behavior under pressure.7

There is a gradual decrease in resistivity upto 5 GPa and becomes almost constant
upto 8 GPa for all the temperatures. A systematic upward shift in resistivity with
temperature is observed upto 523 K. The sample shows metallic behavior upto a
maximum pressure and temperature of 8 GPa and 523 K, respectively. No phase

Fig. 3. Electrical resistivity of Nd0.9Ca0.1Ba2Cu3O7−δ studied upto a maximum pressure of
8 GPa for temperatures upto 523 K.
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Fig. 4. Variation of log(ρ) versus pressure at room temperature.

transitions were observed. The trend of the ρ behavior confirms the metallic nature
of the sample upto 523 K and a maximum pressure of 8 GPa.

Variation of log(ρ) versus pressure is plotted and shown in Fig. 4. The regions
below 3 GPa and above 3 GPa show inter- and intralayer changes, which may be
attributed from the figure confirms the layer-like structure. Initial sharp drop upto
2.5 GPa of the log(ρ) versus pressure curve shows the effect due to changes in
interlayer bonds and beyond which the intralayer bonds are not affected much that
is shown by a nearly constant curve above 3 GPa. Pressures greater than 8 GPa
are required for the breaking of the intralayer bonds. Since they are stronger than
the interlayer bonds.

High pressure X-ray diffraction measurements were employed on the sample
using a diamond anvil cell, with the experimental setup described elsewhere.14 The
plot between relative volume with pressure is shown in Fig. 5. The changes in bond
distances (caused by interlayer bond changes) due to application of pressure are
confirmed by X-ray diffration measurements upto 12 GPa. Bulk modulus decreases
from 377 GPa to 283.7 GPa with respect to the parent. Substitution of calcium
at the neodymium site of Nd-123 superconductor promotes additional holes in the
CuO layers, which in turn decreases the resistivity. The chemical substitution itself
causes the lowering of puckering effect. This was also confirmed from bond distances,
which were calculated from the X-ray diffraction data. It was observed that the
application of pressure reduces the puckering effect strongly in the CuO planes,
thus making more holes available for conduction.
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Fig. 5. Variation of V/V0 versus pressure for Nd0.9Ca0.1Ba2Cu3O7−δ; V0 = 177.1.
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