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Abstract

The crystal structure of the 1222-type ruthenocuprate RuSr,Ndg ¢Y ¢ 2CepoCu,0;¢ has been studied by time-of-flight neutron
diffraction at temperatures 100—160 K and pressures up to 5 GPa. The structure has tetragonal /4/mmm symmetry throughout (e.g.
a=3.8104(2) Aandc= 28.125(3) A at 160 K and 5.1 GPa) with no significant distortions observed at the 140 K Ru spin ordering
transition. The strongly bonded Cu—O and Ru-O network leads to a bulk modulus of 145 GPa which is high for layered cuprates,
with a low anisotropy in the cell compressibility (k./k, = 1.32). The Cu—O—Cu buckling angle and the tilting of the CuOs square
pyramids decreases with pressure, but the in-plane rotation of the RuOg octahedra increases.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

High pressure provides an unrivalled tool for tuning interatomic interactions and structure in the solid state. This
paper presents results from a high pressure neutron diffraction study on the 1222-type layered ruthenocuprate
RuSr,Ndg9Y02Ce9Cuy0qg. The structure (Fig. 1) is similar to that of YBa,Cu30;_s with the addition of a fluorite
type mixed rare earth oxide layer. Layers of corner-sharing CuOs square pyramids and of corner-sharing RuOg
octahedra are present. The copper oxidation state in these materials is controlled by the trivalent rare earth/cerium ratio
and by any oxygen non-stoichiometry [1].

Interest in the layered 1212- and 1222-type ruthenocuprates was stimulated by the observation of co-existing
superconductivity and (ferro)magnetism in RuSr,Eu; 4Ce( ¢Cu,0,g with 7, =32 K and T}, = 122 K [2]. Numerous
studies have been performed in an attempt to elucidate the relationship between superconductivity and magnetism [3—
5], which are confined to the copper oxygen layers and ruthenium oxygen layers, respectively. To date, detailed
neutron diffraction experiments have been hampered as most ruthenocuprates are stabilised by the mid-series rare
earths Sm, Eu, and Gd which have very high neutron absorption cross-sections. Recent results [6] on a new 1222
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Fig. 1. The I4/mmm unit cell of RuSr,Ndg Y 2Ce oCu,040, The sequence of layers (from top to centre) is RuO(3),, StO(1), CuO(2),, R, O(4),, R,
CuO(2),, SrO(1), RuO(3),.

ruthenocuprate based on non-absorbing Nd, RuSr,NdgoY(,CepoCu,O;g, show antiferromagnetic ordering of
ruthenium spins below Tg, = 140 K. This is similar to the ruthenium spin ordering [7] in the related 1212 phase
RuSr,GdCu,0g. RuSr;Ndg9Y2Cep oCu,01¢ is underdoped to just below the minimum limit for superconductivity
and instead shows an ordering of copper spins below T, = 40 K, this observation is very unusual for a layered cuprate
with a significant (5%) hole doping. This spin ordering gives unusual magneto-transport behaviour, a copper spin
reorientation at high fields is responsible for large negative magnetoresistances of up to 34% at 4 K in the related
compound RuSr,Nd; Y 1Ceq oCu,yOp.

It is clear that a wide range of properties can be induced in this system by ‘chemical pressure’ and doping effects
and this high-pressure study is part of a larger attempt to understand how subtle structural changes govern the physics
of this complex group of oxides.
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