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Abstract

A structural, magnetic and electronic study of the cobaltocuprate CoSr,Y,_,Ce,CuyOg 5 (x = 0.5—0.8) has been performed. All
materials crystallise in the orthorhombic Cmem symmetry space group in which chains of corner linked CoQO, tetrahedra run parallel
to the 110 direction. An antiferromagnetic transition is observed for x = 0.5—0.8; T increases with x. A change in the
dimensionality of the magnetic order occurs at x = 0.8 as the interchain distance increases to a critical value. There is charge transfer
between the cuprate planes and cobaltate layer as Ce doping increases, so that Co®" is partially oxidised to Co** with a
concomitant reduction in the valence of Cu. Superconductivity is not observed in any of the samples and a crossover from Mott to
Efros and Shklovskii variable range hopping behaviour is evidenced as x increases from 0.5 to 0.8.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

The coexistence of weak ferromagnetism and super-
conductivity has recently been observed in the layered
ruthenocuprates RuSr,GdCu,0g (1212) and RuSr,RE
CeCu,0qq (1222) (RE = Gd, Eu, Sm) [1-11]. In both
these materials the superconductivity occurs in the CuO,
planes (7. = 0—37K depending upon sample prepara-
tion) and the weak ferromagnetism in the RuO, layer
(Tm = 125—215K). uSR experiments have demon-
strated that the materials are microscopically uniform
with no evidence of spatial phase separation of super-
conducting and magnetic regions [3]. Neutron scattering
experiments on RuSr,GdCu,Og have recently shown
that G-type antiferromagnetic order is present within
the RuO, planes [6]. An upper limit of 0.1 uz was
obtained for the ferromagnetic component. Upon
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application of a magnetic field the Ru spins cant further
away from the G-type magnetic structure and at 7T the
order of the Ru spins is fully ferromagnetic. It is thought
that the weak ferromagnetism arises via a canting of the
Ru spins in both RuSr,GdCu,Og and RuSr,RECe
Cu,Oyp. This occurs due to the antisymmetric Dzya-
loshinsky-Moriya interaction between neighbouring Ru
moments, [12,13] which is non-zero due to the tilts and
rotations of the RuOg octahedra observed in synchro-
tron X-ray and neutron diffraction studies [4,5]. Recent
neutron and synchrotron X-ray powder diffraction
studies have shown that rotations and tilts of the
RuOg octahedra also occur in Gd; 3Cey7RuSr,Cu,0y,
[7.8].

Since the discovery of weak ferromagnetism and
superconductivity in the ruthenocuprates it has been
proposed that the coexistence of the usually antagonistic
phenomena of ferromagnetism and superconductivity
could be possible if the superconducting and ferromag-
netic subsystems are disjoint and a Fulde-Ferrell-


www.elsevier.com/locate/jssc

A.C. Mclaughlin et al. | Journal of Solid State Chemistry 178 (2005) 2274-2281 2275

Larkin-Ovchinnikov-type state [9], a self-induced vortex
state [10] or a crypto-superconducting structure [11]
occurs. In an attempt to observe coexisting super-
conductivity and ferromagnetic order CoSr,Y,_,Ce,
Cu,0g 5 has been studied. Interesting magnetic beha-
viour has been observed recently in cobalt oxides;
Sr,Yo.5Cag 5C0,07 exhibits ferromagnetic behaviour
with a coulomb gap [14]; magnetoresistance is observed
in the compounds La;_,Sr,CoO3 [15] and YBaCo0,0s5
[16]. Hence CoSr;Y;_,Ce,Cuy,O94s is an attractive
candidate to exhibit the phenomena of ferromagnetism
and superconductivity.

CoSr,Y 5Cep sCuy094 5 1s not superconducting [17]
but a recent study has shown that magnetic order is
present in the cobaltate layer below T = 40K [18,19].
The oxidation state of Ce is IV in these materials [18] so
that the total formal charge for (2Cu+ Co) is 7.5+29,
where 0 is equal to the oxygen deficiency or excess in the
Y,.5Ce5s0,45 block. It has previously been reported
that oxygen vacancies in Gd,_,Ce,RuSr,Cu,O;o_s are
located on the O(4) site within the Gd,_,Ce, O, block
[8]. The magnetic and superconducting transitions can
be controlled simultaneously by varying the Gd/Ce ratio
in RuSr,Gd,_,Ce,Cu,O,0_s [8]. Substitution of Ce*"
for Gd*" at constant oxygen content would lead to a
reduction in the hole-doping of the copper or ruthe-
nium layers. However, since in the 1222 structure the
two (Gd,_,;>Ce,») layers sandwich a defective oxygen
layer, the increase in the cation layer charge with x
can be charge-compensated by an increase of the
oxygen content. As x is increased in the RuSr,Gd,_,
Ce,Cu,0,_s solid solutions there is actually an over-
compensating increase in oxygen so that an overall
increase in hole doping of the CuO, layers arises and T
increases from 0 to 30K as x increases from 0.5 to 0.7.
At the same time the magnetic transition temperature
increases from 151 to 165K. In an attempt to induce
superconductivity in CoSr,Y,_,Ce,CuyOq, s, solid so-
lutions with x = 0.5, 0.6, 0.7, 0.8 have been prepared
and the structural, magnetic and electrical properties of
this cobaltocuprate have been studied.

2. Experimental

Ceramic CoSr,Y, ,Ce,Cu,;09.5 samples (x =0.5,
0.6, 0.7, 0.8) were prepared by the solid-state reaction
of the stoichiometric oxides Y,03, CeO,, SrCO;3, Co3;04
and CuO. These were ground, die-pressed into pellets
and preheated for 10h at 1000 °C. The samples were
reground, repelleted and sintered at 1100 °C for 30h
under flowing oxygen and then furnace cooled to
ambient temperature.

Room temperature X-ray diffraction patterns were
collected for the CoSr,Y,_,Ce,Cu,Og s solid solutions
on a Bruker D8 Advance diffractometer with twin

Gobel mirrors using CuKo, radiation. Data were
collected over the range 5°<20<100°, with a step size
of 0.02°.

Magnetisations were measured between 10 and 300 K
on a Quantum Design SQUID magnetometer in an
applied field of 0.1 T after zero-field (ZFC) and field
cooling (FC). Variable field magnetisation data were
recorded at 10K for all samples with the field swept
between +10kOe. The resistivities of sintered poly-
crystalline bars were measured between 6 and 350K
using the standard four-probe dc technique on a
Quantum Design physical properties measurement
system (PPMS). The oxygen content of the samples
was determined by thermogravimetric analysis in a 5%
H,/N, atmosphere using a Stanton Redcroft 780
thermal analyser. Data were recorded at a rate of 5°C/
min between temperatures of 20-850 °C; under such
conditions the CoSr,Y,_,Ce,Cu,Og.s phases decom-
posed to a mixture of Cu, CoO, SrO, CeO, and Y,03 in
a single step between 300 and 750 °C.

3. Results

X-ray diffraction patterns demonstrated that the
CoSr,Y,_,Ce,Cu,yOg s solid solutions are phase pure.
The X-ray diffraction data were all fitted by the Rietveld
method [20] using the GSAS programme [21]. The
backgrounds were fitted using linear interpolation and
the peak shapes were modelled using a pseudo-
Voigt function. An excellent Rietveld fit was obtained
for all samples using the model previously reported
for CoSr,Y | 5Cep 5Cu,0094 5 [17] (space group Cmcm, a=
28.1548(7) A, b=54255(1)A, ¢=5.4013(1)A) (Fig. 1).
This structure contains Cu in square pyramidal geome-
try and chains of corner linked CoO, tetrahedra. Room

2.0F 1

10’ Counts
-
o

Lt N T e
M L

10 20 30 40 50 60 70 80 90 100
2 theta (°)

Fig. 1. Rietveld refinement fit to the powder X-ray diffraction pattern
of CoSr,Y 4Ce ¢Cuy0y 5. Crosses are observed data and upper line
the fitted profile to the Cmem symmetry structural model. The lower
line shows the difference between the observed data and fitted model.
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temperature neutron studies have shown that there is no
intermixing of Co and Cu ions in the two different
geometries [17]. The CoOy4 chains run parallel to the
110 direction leading to an enlarged orthorhombic
superstructure and can link up in one of two ways (left,
L or right, R); the R structure is shown in Fig. 2. In
CoSryY | 5Cep5Cuy094 5 both types of chain are present
in equal quantities, however chain directional order is
preserved so that orthorhombic symmetry is observed.
Recent results have suggested that CoSr,Y; sCeg s
Cu,09 45 crystallises in the tetragonal 14/mmm symme-
try model [18,19]. In this model there is no long-range
directional ordering of the CoQy, tetrahedra and hence
tetragonal symmetry. An attempt was made to model
the data using this space group, however a much
improved fit is obtained when refining the data with
the orthorhombic Cmem model described above
(x> = 1.05 and 2.05; Rwp = 7.81 and 17.19; Rp = 6.17
and 13.62 for the Cmcem and I4/mmm symmetry models
respectively).

As expected the a cell parameter decreases from
28.1548(6) to 28.1457(6) as the proportion of the smaller

Fig. 2. The crystal structure of CoSr,Y,_,Ce,CuyOg. ;5 (R) showing
the corner linked CoOy chains. Open white circles, oxygen; small black
circles, copper; large dark grey circles, strontium; large light grey
circles, yttrium or cerium; tetrahedra, CoO,.

Ce*" ion increases from 0.5 to 0.8. However the cell
volume, b and ¢ cell parameters all increase with x in
the CoSrY,_,Ce,Cuy0O9,4s solid solutions (Fig. 3).
Furthermore there is an increase in both the apical
Cu—O(1) and in plane Cu—O(2b) bonds from 2.295(9)
and 1.901(4) to 2.322(9) and 1.923(4) respectively. At the
same time the apical Co—O(1) and in plane Co—O(3)
bonds decrease (Table 1).

Magnetic order is observed in all four samples (Fig. 4)
at low temperature as previously reported for both
COST2Y1A5CGQA5CUZOQi(3 and COSF2Y0A6C3.0.4CU.207 at
approximately 40K [19,22]. The magnetic transition
temperature Ty, was calculated from the derivative and
increases from 43 to 67K as x increases from 0.5 to 0.7
in the CoSr,Y,_,Ce,Cu,yOg s solid solutions (Table 2).
Divergence between the zero-field cooled (ZFC) and
field cooled data (FC) is observed for x = 0.5—0.7 at the
magnetic transition. This is suggestive of ferromagnet-
ism, weak ferromagnetism (canted antiferromagnetism)
or spin glass behaviour. Surprisingly there is no
difference between the ZFC and FC magnetisation data
for the x = 0.8 sample (Fig. 4). The magnetic transition
becomes broader and weaker as x increases and at
x = 0.8, a broad maximum around 128 K followed by
an up-turn with decreasing temperature is observed.
Similar behaviour has been reported for Sr,CoCuS,0,
[23] and corresponds to low dimensional antiferromag-
netic order. The high temperature data was fitted to the
Curie Weiss law: y,01 = 1o + C/T — 0, where y, and 0
are the temperature independent susceptibility and
Weiss constant respectively. The parameters o, C and
0 were determined by a least squares fit in the region 160
to 300 K. p g increases from 5.12(2) to 5.46(2) and the
Weiss constant decreases from —311 to —370 K (Table
2) as x increases from 0.5 to 0.8.

A superconducting transition was not observed in any
of the samples; all samples display semiconducting
behaviour. The resistivity was measured between 6 and
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Fig. 3. Variation of the b and c¢ cell parameters with x in the
CoSr,Y,_,Ce,Cu,09 5 solid solutions.
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Table 1
Refined cell data, agreement factors, and selected bond lengths (A) and angles (°)
0.5 0.6 0.7 0.8

a (A) 28.1548(6) 28.1548(6) 28.1444(5) 28.1457(6)
b (A) 5.4255(1) 5.4281(1) 5.4337(1) 5.4375(1)
¢ (A) 5.4013(1) 5.4035(1) 5.4054(1) 5.4079(1)
V(A% 825.06(4) 825.81(4) 826.63(4) 827.64(4)
7 1.05 1.04 1.07 1.06
Rwp (%) 7.81 7.77 8.69 8.71
Rp (%) 6.17 6.09 6.71 6.70
Y/Ce-O(2a) 2.520(13) 2.516(13) 2.530(13) 2.519(13)
Y/Ce-O(2b) 2.477(11) 2.487(11) 2.475(11) 2.479(11)
Y/Ce-O(4) 2.303(13) 2.291(13) 2.309(13) 2.303(13)
Cu-0O(1) 2.295(9) 2.317(09) 2.318(9) 2.322(9)
Cu-0O(2a) 1.938(4) 1.935(4) 1.926(4) 1.934(4)
Cu-O(2b) 1.901(4) 1.906(4) 1.920(4) 1.923(4)
Co-0O(1) 1.818(9) 1.802(9) 1.787(9) 1.796(9)
Co-0O(3a) 2.115(14) 2.175(14) 2.101(14) 2.043(14)
Co-O(3b) 2.253(15) 2.145(15) 1.981(15) 1.973(15)
O(1)-Co-0(3) 89.6-104.1(6) 90.2-104.7(5) 90.8-104.6(6) 92.0-106.4(6)
O(1)-Cu-0(2) 90.5-95.5(6) 92.4-96.2(6) 93.7-95.9(6) 91.7-100.6(6)
Cu-O(1)-Co 162.2(9) 161.1(9) 161.1(9) 157.0(9)

0013 : : : : : Fig. 5(b) displays the variation of In(p) against 1/ T'/?

0.012 %

X X X X
I
oooo
o~ Ul

0.011

M/H (emumol 1)

0010 -5 4% |
0.009 r &4 2% |
0.008 | NPy, ot |
0.007 |- |

0.006 S .

0005 0 50 100 150 200 250 300 350

Temperature (K)

Fig. 4. Temperature dependencies of the field-cooled (FC) and zero-
field-cooled (ZFC) magnetic susceptibilities for CoSr,Y,_.Ce,Cu,
Og.5 (x=0.5,0.6, 0.7, 0.8).

350K at both 0 and 5T; there was no evidence of
magnetoresistance in any of the samples at any
temperature. The 290 and 6K values of resistivity
increase from 0.22 to 0.68Qcm and from 43 to
958140 Q cm respectively as x increases from 0.5 to 0.8.
A single activated dependence of p with temperature
could not account for the full range of the resistivity
data for the CoSr;Y;_,Ce,CuyOg4s solid solutions.
Variable range hopping behaviour (VRH) is observed
below 100K for all samples. The low temperature
resistivity data for CoSr,Y,_Ce,Cuy094 5 (x = 0.5, 0.6,
0.7) can be fitted to the three dimensional Mott VRH
equation [24] p = p, exp(TO/T)l/4 (Fig 5(a)); a poor fit
was obtained for the x = 0.8 sample using this model.

for CoSr;Y,CepsCuyO945 which is linear below
T = 100K. Hence the resistivity data of the x = 0.8
sample can be modelled by the two dimensional Efros
and Shklovskii VRH model [25] p = p,exp(To/ )% a
poor fit was obtained for x = 0.5, 0.6 and 0.7 using this
model. Above 100K the electronic behaviour is con-
tributed by thermally activated charge carriers across a
band gap and was modelled by p = p, exp(E,/2kT); the
E, values are tabulated in Table 2.

4. Discussion

The results from Rietveld refinement of the X-ray
diffraction data show that there is no change in crystal
structure upon increasing x in the CoSr,Y,_,Ce,
Cu;,09 45 solid solutions. However the apical Cu—O(1)
and the in-plane Cu—O(2b) bonds both expand from
2.295(9) and 1.901(4) to 2.322(9) and 1.923(4) respec-
tively as x increases from 0.5 to 0.8; consequently the
cell volume increases with x. At the same time the apical
Co—O(1) and in plane Co—O(3) bonds decrease as x
increases from 0.5 to 0.8 (Table 1). The observation of
an increase in the average apical Cu—O bond with Ce
substitution is indicative of a change in charge transfer
from the Co: e, to the Cu: 3d,._,» bands [26]. This
suggests that there is a reduction of the hole concentra-
tion in the CuO» planes i.c. the oxidation state of copper
is reduced as the percentage of Ce increases in the
CoSr,Y,_,Ce,CuyOg, s solid solutions. This is in
agreement with the electronic transport measurements;
a superconducting transition is not observed for any of
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Table 2

The variation of magnetic transition temperature (), effective magnetic moment yi.g; (1), Curie Weiss constant (0), y, (emumol™"), Arrhenius gap
(E,) and variable range hopping constant (1) with nominal x values in CoSr,Y,_Ce,Cu,09 5 as shown

X v (K) Hegr (1p) efr (Co) (1ip) %o (emu.mol™") E; (eV) Ty (K)x 107*
0.5 43(1) 5.12(2) 5.09(2) =311 (3) 0.0002(1) 0.0263(4) 1.311(1)
0.6 48(1) 5.23(2) 5.20(2) 344 (3) 0.0007(1) 0.0272(4) 3.940(1)
0.7 67(1) 5.29(2) 5.26(2) ~360 (3) 0.0005(1) 0.0267(4) 15.600(1)
0.8 90(1) 5.46(2) 5.43(2) 370 (3) 0.0007(1) 0.0417(4) 1.625(1)

10 . . . . behaviour is observed for all CoSr;Y,_,Ce,CuyO945

materials so that Cu is obviously underdoped with a

—o—x=05 S
.l 1 valence of <2.05. The low temperature resistivity data
for CoSr,Y,_,Ce,Cuy0945 (x =0.5—0.7) can be fitted
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Fig. 5. Variation of In(p) with (a) 7~'* for the CoSr,
Y,_,Ce,Cu,y0y .45 solid solutions (x = 0.5, 0.6, 0.7) (upper) and with
(b) T~/ for CoSr,Y | 2Ceo sCu00 1 5 (lower).

the samples and the samples become more insulating as
x increases. The oxidation state of Ce is IV in these
materials [18] so that the total formal charge for
(2Cu+Co) is 7.5+26 for x =0.5 and 7.2+26 for x =
0.8 (4 is equal to the oxygen deficiency or excess in the
Y, ,Ce, 0,45 block) so that if ¢ is constant the total
charge available decreases with x. Semiconducting

by a Mott variable range hopping (VRH) model (Fig.
5a). T, is observed to rise from 1.311x107* to
15.6 x 107*K as x increases from 0.5 to 0.7 (Table 2)
as the valence of Cu is reduced and the charge carriers
become more localised. A crossover from (3D) Mott
VRH to (2D) Efros Shklovskii VRH is observed for
CoSr,Y ,Ce sCuy09. 5. Efros Shklovskii VRH is ob-
served when Coulomb correlations between localised
electrons are no longer negligible and a soft Coulomb
gap pinned at the Fermi level opens up. A crossover
from Mott VRH to Efros Shklovskii VRH has
previously been observed for La,_,Sr,CuO4 at x =
0.02 [27] as the carrier concentration in the CuO, planes
is reduced to a critical level. Mott VRH is observed for
La; 95Srg ¢sCuQy4 at low temperature and superconduc-
tivity is induced at x = 0.055. Hence the crossover from
3D to 2D VRH is observed as the Cu valence decreases
from 2.05 to 2.02 in La,_,Sr,CuO,4 and so it appears
that a similar reduction in the Cu valence arises in
CoSryY,_Ce,Cu,y0g s as x increases from 0.5 to 0.8.

The apical Co—O(1) and in plane Co—O(3) bonds
decrease as x increases from 0.5 to 0.8 (Table 1) which
suggests that there is partial oxidation of Co®* to Co*™*
as Ce doping increases in CoSr,Y,_,Ce,Cu,O9 5. We
previously calculated that the total formal charge for
(2Cu+Co) is 7.5+26 and 7.2+26 for x=0.8 (0 is
equal to the oxygen deficiency or excess in the Y,_,Ce,
0,45 block) so that if § is constant the total charge
available decreases with x. Transport measurements
show that Cu is underdoped for all samples and that the
valence decreases from ~ 2.05 to ~ 2.02 as x increases
from 0.5 to 0.8. Hence if there are no oxygen vacancies
within the Y,_,Ce,O, s block the valence of Co should
decrease from ~ 3.4 for x = 0.5 to ~ 3.16 for x = 0.8.
Therefore a reduction in the valence of Co is expected
with increasing Ce concentration if the oxygen content
is kept constant. However an increase in the valence
of Co is expected if an equivalent or overcompen-
sating increase in the oxygen incorporated into the
structure accompanies the extra Ce as observed in
RuSr,Gd,_Ce, Cu,Oj9_s [8]. In order to investigate
this further the exact oxygen stoichiometries of the
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CoSryY,_Ce,Cuy09 s materials were determined by
thermogravimetric analysis under a 5% H,/N, atmo-
sphere. The results confirm that an overcompensating
increase in the oxygen incorporated into the structure
accompanies the extra Ce; as x increases from 0.5 to 0.8,
0 changes from —0.20(2) to 0.06(2). This therefore
results in an increase in the oxidation state of Co from
~3 to ~3.28 as x increases from 0.5 to 0.8 in the
CoSr,Y;_Ce,Cu,y0g s solid solutions.

In order to further corroborate these results, the
variation of p.p with x was obtained from the Curie
Weiss fit to the high temperature susceptibility data. The
effective magnetic moment for cobalt was calculated by
subtracting the effective magnetic moment for copper
previously observed in GaSr,Y 5sCey sCuyOy. (tegr (Cu) =
0.37) [28]; wuer (Co) increases from 5.092)up to
5.43(2)pug as x increases from 0.5 to 0.8 (Table 2).
Cobalt is in a tetrahedral geometry in CoSr,Y,_,
Ce,Cu,00 . 5 and is high spin (Co®" &® t*, Co*" & t9)
so that the theoretical u g values for Co® ™ and Co** are
49up and 5.9uy respectively. This suggests that a small
proportion of Co** may be present in CoSr,Y 5Ceq 5
Cuy094 ;5 and that this proportion increases as x rises
from 0.5 to 0.8. This is in agreement with results from
thermogravimetric analysis and from the variation of
Co—-O(1) and Co—O(3) bond lengths with increasing Ce
concentration determined from Rietveld refinement of
the X-ray diffraction data (Table 1). Hence it appears
that the Y, ,Ce,O,4s block is oxygen deficient in
CoSr,Y | 5CepsCuy094 5. As the Ce concentration in-
creases in CoSr,Y,_ ,Ce,Cu,Og, 5, extra oxygen is
incorporated into the structure and charge transfer
between the cuprate plane and cobaltate layer occurs so
that the valence of Co increases and the valence of Cu is
reduced. This is in contrast to the 1222 ruthenocuprate
RuSr,Gd,_,Ce,Cu,0;_s in which an increase in Ce
doping leads to an increase in hole doping of the CuO,
layers with no change to the oxidation state of Ru [8]. It
appears that in CoSr,Y,_,Ce,Cu,0y4 ;5 the extra holes
induced by the overcompensating increase in oxygen
incorporated into the structure accompanying Ce
doping are trapped on Co®"/*" in the cobaltate charge
reservoir. This is further corroborated by a recent study
[29] of CoSr,(Y_,Ca,)Cu,07, s which has shown that
as x increases Co” " is oxidised preferentially to Cu®™.

A magnetic transition is observed for CoSr,Y,_,
Ce,Cuy0945 (x =0.5—0.7) whereas low dimensional
antiferromagnetism is observed for CoSr,Y;,Ceqsg
Cuy094 5. It has been concluded from previous studies
that the magnetic order originates within the cobaltate
layer [18,19,22,29]. Divergence between the zero-field
cooled (ZFC) and field cooled data (FC) is observed for
x = 0.5-0.7 (Fig. 4) at the magnetic transition which is
suggestive of ferromagnetism, weak ferromagnetism
(canted antiferromagnetism) or spin glass behaviour.
The low temperature susceptibility is reminiscent of that

observed for the layered cobalt oxysulphide Sr,Cu,
Co0,S, in which 3D antiferromagnetic order between
Co spins has been observed from neutron diffraction
studies at the transition temperature 7y [30]. An
intrinsic feature of a spin glass is deviation from a
straight line and a weak hysteresis affect observed in the
field dependence of the magnetisation. Hysteresis is also
observed for ferromagnetic and weak ferromagnetic
order whereas a linear variation of the magnetisation
with field is expected for an antiferromagnetic material.
The variation of magnetisation with magnetic field for
CoSryY | 5CepsCuy09 s measured at 10K is displayed
in Fig. 6. A linear variation of magnetisation with field is
observed for x =0.5—0.8 showing that the dominant
magnetic order in antiferromagnetic. In addition the
large negative Weiss constants (0 decreases from —311
(x =0.5) to =370 K (x = 0.8)) determined from the high
temperature susceptibility data are indicative of strong
antiferromagnetic exchange. Furthermore antiferromag-
netic correlations have previously been observed along
the Co—O chains from neutron diffraction studies of the
similar 1212 cobaltocuprate YBaCu;_,Co,O7 [31]. It is
likely that the divergence of the ZFC and FC data at Ty
is due to a degree of spin glass behaviour accompanying
the antiferromagnetic transition. .

The intra chain Co-O distances are 2.115(14) A
and 2.253(15) A for CoSr,Y; sCesCuyOq, s whereas
the interchain distance is 3.300(14) A A long range
magnetic transition is observed at 43 K as antiferromag-
netic order occurs along and between the chains. The
Curie Weiss constant, 6, is large at —311K in
comparison to the magnetic ordering temperature
(T~ =43K) so that |0|/Tn = 7.2. The large negative
value of 0 is indicative of strong antiferromagnetic
exchange, however the interchain distance is large so that

0.02 + -

0.01 |- .

0.00 |- .

-0.01 - -

M (Bohr Magnetron/Co)

-0.02 |- -

12 8 -4 0 4 8 12
H (10°0g)

Fig. 6. Magnetic field dependence of the magnetisation of CoSr,Y 5
Ce()_5Cu20915 at 10K.



2280 A.C. Mclaughlin et al. | Journal of Solid State Chemistry 178 (2005) 2274-2281

antiferromagnetic order is only observed at low tem-
perature. As the Ce concentration changes from 0.5 to
0.8, extra oxygen is incorporated into the structure so
that Co® " is partially oxidised to Co*". As a conse-
quence the Co—O bond lengths are reduced leading to an
enhancement of the superexchange interaction along the
1D chains so that the magnetic transition temperature
increases from 43 to 90K and 6 decreases from —311 to
—370K. At the same time the valence of Cu®"®" is
reduced (x is equal to the hole concentration in the
cuprate planes) so that the overall cell volume increases
leading to a flattening of the Co—O(3)-Co angle from
103.4(9)° to 116.6(8)°. The interchain distance is
observed to increase from 3.300(14) A to 3.646(14) A
as x is varied from 0.5 to 0.8 in CoSr,Y,_,Ce,Cuy09. 5
so that the magnetic transition broadens and by x = 0.8
long range magnetic order is not observed between the
chains down to 10K and susceptibility results show
behaviour analogous to a low dimensional antiferro-
magnet. Hence the increase in charge transfer between
the cuprate and cobaltate layers with x ultimately results
in the disruption of the long range magnetic order
between the Co chains as the cell volume increases and
the interchain distance reaches a critical length.

5. Conclusion

In conclusion we have observed antiferromagnetic
order between Co spins in CoSr,Y; Ce,CuyOyys
(x = 0.5—0.8) at low temperature; a degree of spin glass
behaviour accompanies the magnetic transition for
x =0.5—-0.7. The Y,_,Ce, O, block is oxygen deficient
in CoSr,Y 5Cer5Cuy09. 5 but extra oxygen is incorpo-
rated into the structure as x increases in the CoSr;
Y,_Ce,Cu,0y. s solid solutions so that Co’™ is partially
oxidised to Co*". This results in a reduction of the
Co-O(1) and Co-O(3) bond lengths so that the super-
exchange interaction is enhanced and Ty increases from
43 to 90 K. Moreover as x increases holes are drained from
Cu®* " and as a consequence the cell volume increases
so that the Co—O(3)-Co interchain bond length expands
and the dimensionality of the magnetic order changes at
x =0.8. At the same time there is a crossover in the
electronic transport from Mott VRH to Efros Shklovskii
VRH at low temperature. It is intriguing that the
dimension of the electronic transport and magnetic order
changes simultaneously as x increases from 0.7 to 0.8 and
suggests that the cobaltate layers may be involved in
charge transport in addition to the CuO, planes. However
a crossover from Mott VRH to Efros Shklovskii VRH has
previously been observed as the charge carriers are
reduced in the lightly doped cuprates. Neutron diffraction
studies are currently underway to determine the magnetic
structure of CoSr,Y;_Ce,Cuy,O94s and to study the
exact variation of o with x.
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