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The crystal structure of YBaCusOs (Y 124) was studied under high pressure up to 18 GPa. Y124
causes the first-order phase-transition into the orthorhombic Immm at pressure around 11 GPa. The
CuOz plane persists in the high-pressure phase but the CuO double chains collapse and transform
into three-dimensional Cu-O network, resulting in the suppression of superconductivity.

1 Introduction

YBa,Cu,O; (Y124) is one of the high transition
temperature (7.) superconductors with 7. = 80 K at
atmospheric pressure [1]. The pressure dependence of 7.
linearly increases up to 5 GPa however decreases after
passing through the maximum 7. = 108 K at 12 GPa [2].
Continues changes in lattice parameters of Y124 was
observed under pressure up to 25 GPa using a diamond
anvil cell (DAC) and NaF pressure-transmitting medium
(PTM) [3]. The resistance of bulk ceramic of Y124 in
magnetic fields up to 10 T showed the parabolic and
continuous pressure dependence on 7. [4].

On the other hand, recent research has pointed out the
anomaly of pressure-induced structural-change of Y124
under pressures above 3.7 GPa [5]. The synchrotron
powder x-ray diffraction (XRD) measurement, using a
methanol-ethanol mixture as PTM, revealed that Y124
shows pressure-induced lattice anomalies and hysteresis
in the pressure dependence of the lattice parameters in the
range from 3.7 to 12 GPa.

The discrepancy between the two reports on structure
(Refs. 3 and 5), should be induced by hydrostaticity from
PTM. The use of helium (He) as PTM brings quasi-
hydrostaticity under pressure over 10 GPa significantly
decreases the effect of uni-axial stress, resulting in the
sharp diffraction pattern under high pressure [6]. In order
to clarify the conduction mechanism of Y124 under high
pressure especially above 10 GPa, we carried out powder
XRD under pressure up to 18 GPa and at room
temperature (RT) under hydrostatic condition using He.

2 Experiment
The polycrystalline Y124 compound for powder XRD

measurement was synthesized by a high-oxygen pressure-
technique [1]. The sample obtained was ground into fine
powders in an alumina mortar cooled in liquid nitrogen.
XRD patterns were measured by using the DAC set up
a couple of diamond anvils with 0.6-mm culet-diameters
and 2-mm anvil-thicknesses. The gasket was made of 65-
um-thick stainless steel, in which a 260-um hole was
drilled. A small amount of powdered sample was put in
the gasket hole mounted on the culet of lower anvil with

ruby balls, which was filled with high-density He-gas [7].
Each pressure was determined from the fluorescence
peaks of ruby balls put in the sample chamber on the
basis of ruby pressure scale [8].

Angle-dispersive powder-patterns were taken using
synchrotron radiation from the bending magnet on the
beam-line BL-18C at Photon Factory, High Energy
Accelerator Research Organization (KEK). The beam was
monochromatized to a wavelength 0.6190 A and
introduced to the specimen through a pinhole collimator
with 80 ym diameter. Each pattern was obtained by
having the sample exposed to the x-ray for 20 min at RT.
An imaging plate and a BAS2500 scanner, supplied by
Fuji Photo Film Co. Ltd., were used to obtain two-
dimensional powder diffraction image.

3 Results and Discussions

The pressurization above 10.1 GPa causes the change
in the pattern accompanied with drastic decrease of the
00! reflections (I = 2, 4 and 6). The reflections derived
from the Cu-O double-change structure, 104 and 106,
disappeared at 11.0 GPa. These are the evidence that the
structural-phase transition occurs at around 11 GPa. The
XRD pattern of released sample recovered to the original.

The crystal structure of high-pressure phase (HPP) has
been determined by Rietveld analysis [9] and molecular
dynamic (MD) simulation based on a density-functional
theory (DFT). The DFT calculations for structural
optimizations and MD simulations were carried out using
the program MS CASTEP of Accelrys, Inc [10]. We
employed the generalized-gradient approximation (GGA) -
Perdew-Burke-Ernzerhof for solids (PBEsol) exchange
correlation functional [11] and ultrasoft pseudopotentials
[12] with the energy cut-off of 440 eV.

The structure after the phase transition is assigned to be
an orthorhombic with the space group Immm through
Rietveld fit. Wang et al. also reported the phase transition
to orthothombic at 11 GPa; they chose non-
centrosymmetric orthorhombic the space group Imm?2
[13].Both Immm and Imm?2 space groups are explained by
a same extinction rule; either is suitable to explain the
peak positions observed in the XRD patterns of HPP.
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Fig. 1: Pressure changesin (@) the lattice parameters
a, b, and ¢, and (b) volume V of Y 124 up to 18.1 GPa
at room temperature.

Analyses of internal structures using both space groups,
respectively, produced the same structure. Therefore we
chose the centrosymmetric space group Immm for the
crystal structure of HPP.

The pressure changes in lattice parameters a, b, and c,

and volume V, are shown in Fig. 1(a) and (b), respectively.

The b-axis length temporary enhances just after the phase
transition while decreases with increasing the pressure in
HPP. The c-axis length at 11.0 GPa is 3.8 % shorter than
that at 10.1 GPa. The change in volumes measured before
and after the transition is obtained tobe V/V =-3.83 %.

Projections on the ab plane of crystal structures
obtained before and after the phase transition are shown
in Fig. 2. The phase transition of Y124 is explained as
follows: The unit cell is pulled in opposite directions
along the a axis, resulting in deformation into the
monoclinic in HPP. We were able to replace the
monoclinic with the orthorhombic, which is higher in the
symmetry than the monoclinic. In this way the crystal
structure of HPP was determined to be the Immm
structure. Every quadrangular pyramid consisting of the
apical oxygen atom and CuO, basal plane, maintains after
phase transition. However the CuO double-chains
structure, perpendicular to the ac plane, is broken after
phase transition and three-dimensional Cu-O network are
generated in HPP.

Temperature dependence of electrical resistance
dramatically changes in the temperature dependence by
pressurization exceeding 9.7 GPa; the vale of T.
drastically decreases at above 9.7 GPa [14]. That is
clearly different from the previous result [4]. Assuming
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that the pressure-induced structural-phase transition also
occurs at around 11 GPa at low temperature, the negative
pressure dependence of T. is an essential feature for HPP.
It is believed that the depression of T. observed above 9.7
GPa is caused by collapse of the CuO double chains to
supply the carriers. On the other hand the CuO, plane
persists in HPP. This means that the CuQ, plane plays the
role of conductive layer in both LPP and HPP. After the
dramatic decrease of 7. a distribution of conduction
electrons on the CuQO, plane seems to change after the
phase transition.

4 Summary
XRD of YBa,Cu,O; shows the presence of pressure-

induced phase-transition at pressure around 11 GPa. The
CuO, plane persists in HPP, having the orthorhombic
Immm. The CuO, plane plays the role of conductive layer
in both LPP and HPP. On the other hand the CuO double
chains collapse after phase transition, resulting in another
Cu-O bonding structure. Decreasing of T, with increasing
the pressure is caused by the collapse of CuO double
chains.
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