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Chemical control of hole-doped superconductivity and magnetism in Gg_,Ce RuSr,Cu,044_5
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Three Gd_,CeRuSKLCuw,0,,_5 samples x=0.5, as prepared and after high pressure oxygenatiorxand
=0.7) have been investigated by synchrotron powder x-ray diffraction and magnetization measurements.
Precise coordinates and site occupancies for the oxygen atoms have been refined from the x-ray experiments.
Estimates of the hole doping of the copper oxide planes based on the bond lengths, via the bond valence sum
method, are found to be inaccurate. However, doping estimates based on the refined oxygen contents are in
good agreement with the variation of superconductivity, and show that chemical doping, rather Cu/Ru band
overlap, is the doping mechanism. The magnetic ordering temperatures of the Ru moments are not a simple
function of the doping concentration, but depend upon both the Gd/Ce ratio and the oxygen content.
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INTRODUCTION the tilts and rotations of the RyQOoctahedra observed in
synchrotron x-ray and neutron diffraction studie& A re-

The unusual coexistence of weak ferromagnetism and steent neutron powder diffraction study has shown that rota-
perconductivity in the 2122 and 1212 ruthenocuﬂrﬁf&sys— tions and tilts of the Ru@ octahedra also occur in
tems R, ,CgRUSKCW,0 s>° (R=Eu and Gd and Gd, Ce,RUSKLCW,0;0.2 Furthermore a SQUID magne-
RuSpGdCy0q (Ref. 4 has been studied extensively. The tometry study on Ey ,CeRuSLCW,0;4_ s2° has shown that
superconductivity originates in the Cy(planes and the T,, increases with both Ce and oxygen concentratiby.
weak ferromagnetism is associated with the ruthenate layerfhcreases from 125 to 165 K asncreases from 0.5 to 1.0 in
#SR experiments have demonstrated that the materials atge Ey_,CeRuSKLCU,0;,_ 5 solid solutions and from 165
microscopically uniform with no evidence of spatial phaseto 215 K asé increases in the EuCeRy®W,0;,_ 5 solid
separation of superconducting and magnetic regionhe  solutions. It has been speculated that as the cerium concen-
Ru-2122 materials display a magnetic transition Taj  tration decreases there is a concomitant decrease in oxygen
=125-215K and bulk superconductivity belowl.  concentrations.?® This is in contrast to Ru$6dCw0;,
=32-50 K depending on sample preparation and composivhere the oxygen content remains constant upon doping
tion. Recent x-ray absorption near edge spectroscopyith Nb or Sn3°3' Superconductivity only occurs fox
(XANES) and high-temperature susceptibility studies on=0.4-0.8 with optimal doping ak=0.6 in the 2122
R2-xCeRUSKECU,0y and RuSyGACyOg have indicated  systent® However the shift inT from the underdoped ma-
that the average Ru valence state is 4Ref. 20 for  terial to the optimal doped material is gnb K which is
RuSKLRCu,Og and between 5.0 and 4.9Refs. 24, 25for  much smaller than observed in the other high-temperature
R,-xCgRuSKCW,0;p. A mixed Ru valence has not been superconducting cuprates such as Lg&r,CuQ,. In order to
reported in other ruthenate compounds thus making the weakbserve any correlation between the changes in physical and
ferromagnetic superconductoR, ,CeRuSKLCW,O0;p and  magnetic properties with the crystal structure upon cerium
RuSKLGdCu,Og intriguing materials to study and compare. and oxygen doping, synchrotron x-ray diffraction studies

G-type antiferromagnetic order within the Ry@lanes have been carried out for three S4dCgRuSKLCW,0;¢_ 5
has been observed in neutron scattering experiments agamples.

RuSLGdCw0g.% An upper limit of 0.Jug was obtained for

the ferromagnetic component, which appears to contradict EXPERIMENTAL
results from SQUID magnetometry and electronic paramag-
netic resonance experimentsvariable field neutron diffrac- Ceramic Gd_,CeRuSKLCu0Q,,_s samples x=0.5 and

tion studies of this material showed that the Ru spins can®.7) were prepared by the solid state reaction of the stoichio-
into a ferromagnetic arrangement upon the application of anetric oxides GgO;, CeQ,, SrCQ;, RuG,, and CuO.
magnetic field and at 7 T the Ru spins are fully ferromag-These were ground, die-pressed into pellets and preheated
netic. It is thought that the weak ferromagnetism arises via &r 24 h at 1000 °C. The samples were reground, repelleted
canting of the Ru spins in RugedCy,0Og. This occurs due and sintered for 36 h in air at 1064 °C and then furnace
to the antisymmetric Dzyaloshinsky-Moriya interaction be-cooled to ambient temperature. Part of the “as prepared”
tween neighboring Ru momerf$2°which is nonzero due to  (asp Gd, sCe, sRUSLCUO,,_ ;s Sample was annealed for 24 h
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FIG. 1. Rietveld fit to the synchrotron x-ray diffraction pattern
of Gd, L€ ;RUSKLCW,0;,. Lower and upper reflection marks cor-
respond to GgdCe RuSLCW,O,, and the minority phase
Sr,GdRuQ,, respectively.

at 840°C under high oxygen pressui@0 atm) and then
furnace cooled to form a more oxygenated santpfe).

Powder synchrotron x-ray diffraction patterns of the
Gd_,CeRuSKLCuO,y_s solid solutions were recorded on
ESRF beamline ID31Ref. 32 at 295 K. A wavelength of
0.40027 A was used and the sample was contained in a 0.5
mm diameter borosilicate glass capillary mounted on the axis
of the diffractometer about which it was spun-af. Hz to
improve the powder averaging of the crystallites. Diffraction
patterns were collected over the angular range 2—80T2e
high-angle parts of the pattern were scanned several times to
improve the statistical quality of the data in these regions.
The counts from the nine detectors were then normalized,
summed and rebinned to a constant step size of 0.001° for
each scan. _

Zero-field cooled(ZFC) and field-cooled(FC) dc mag- . ° o @ O
netic measurements in the range of 5-200 K were performed Cu Ru Sr Gd/Ce O
in a (Quantum Designsuperconducting quantum interfer-
ence device(SQUID) magnetometer. The ac susc_eppb|l|ty Gd, ,CeRuSKLCW,0,4_ 5 showing the tilts and rotations of the
was measured by a home-made probe with excitation l‘rer;\,uo6 octahedra, with the oxygen sites labeled.
guency and amplitude of 733 Hz and 160 mOe, respectively, '
inserted in the SQUID magnetometer.

FIG. 2. The average crystal structure of

the RuQ octahedra were evidenced as previously seen in
RuSLGdCwO, (Ref. 9 and PhRuSKLCu,0gCl.32 These
The synchrotron x-ray diffraction patterns of were modeled by splitting the oxygen sites of the Rui®-
Gd, CesSLRUCKLO,q_s (asp and (hpo, and tahedra as shown in Table I. All of the metal occupancies
Gd; .Ce ;SKLRUCYO,, 5 were all fitted by the Rietveld refined to within+1% of full occupancy and there was no
method using thessas program® The backgrounds were evidence of cation disorder. It has previously been reported
fitted using linear interpolation and the peak shapes wer¢hat oxygen vacancies in Gd,CeRuSLCu,0;y_ 5 are lo-
modeled using a pseudo-Voigt function. The diffraction pat-cated on thé(4) site within the Gd_,Ce,0,_ 5 block?’ To
terns showed that a small amount of ,GdRuQy was decorrelate thed(4) occupancy from thermal motion, the
present. This secondary phase was included in the refin@ccupancy was refined while also refining a single isotropic
ments enabling excellent fits to be obtaingdg. 1) for all  thermal parameter for all four oxygen sites. The refined
samples using thé4/mmm structural model for the 2212 0O(4) occupancies were 0.8 and 0.9%1) for (asp and
phase. This model for Gd,Ce Sr,RUCWKO,o_ s is displayed  (hpo Gd; sCe sSL,RUCYKO4_ 5, respectively. TheO(4)
in Fig. 2 and consists of RuQ SrO, and Cu@layers similar site  was found to be fully occupied in
to RuSpGdCu,Og but in this case the CuQayers are sepa- Gd; &) ;SLRUCWKLO;o_s. The increase in the parameter
rated by a Gg_,Ceg0O,_; block rather than a single rare (Table 1) on going from (asp to (hpo
earth layer. No evidence of superstructure or orthorhombi&d, sCe, sSr,RUCW0,(_ 5 is in accordance with the incorpo-
distortion was observed but disordered rotations and tilts ofation of extra oxygen. The reduction in thecell parameter

RESULTS
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TABLE |. Refined atomic parameters for Ryg8ed, ,Ce)Cu,0;o_4 Solid solutions from room-

temperature synchrotron x-ray diffraction data. Atom positions are ®u(@, 0, 0, Sr 4e) (%, % 2), Gd/Ce

4) (3 3 2, Cu 4e) (0, 0,2), O(1) 16(n) (x, 0,2), O2) 8(g) (0, 7 2, O3) 8()) (x, 7, 0, O4) 4 (0, 3,

3).

Sample(x)
Atom Occupancy 0.5 (asp 0.5 (hpo 0.7
Ru 1.00 Uiso (A2 0.00342) 0.00481) 0.00531)
Sr 1.00 z 0.078 323) 0.078 543) 0.078 412)
Uiso (B2 0.00842) 0.00811) 0.00811)
Gd/Ce 1.00 z 0.204 7@2) 0.204 882) 0.205 142)
Ui (A2 0.00831) 0.00541) 0.00381)
Cu 1.00 z 0.143 984) 0.143 734) 0.143 673
Uiso (A2 0.006G2) 0.00182) 0.00241)
0o(1) 0.25 X 0.021(6) 0.0333) 0.0462)
z 0.06922) 0.06872) 0.06852)
Uieo (A2 0.018%7) 0.01796) 0.012%4)
0(2) 1.00 z 0.14982) 0.14812) 0.14831)
Uiso (B2 0.018717) 0.01796) 0.01254)
0®3) 0.50 X 0.1252) 0.1342) 0.1302)
Uiso (A2 0.01877) 0.01796) 0.01254)
0(4) n Ui, (A?) 0.01877) 0.01796) 0.01254)
n 0.871) 0.951) 1.0

bond lengthgA) and anglegdeg) for the RuS;Gd,_,Ce,Cu,0;,
samples. The ranges of(D-Cu-O(2) angles result from the disor-
dered tilts of the Ru@octahedra.

on going from(asp to (hpo Gd, Ce sSKLRUCWKLO,q 5 and
Gd, Le ;SKLRUCYK O, 5 increases the rotations and tilts of
TABLE II. Refined cell data, agreement factors, and selectedhe RuQ octahedra, respectively quantified by the Ru-

0O(3)-Ru and Cu-@1)-Ru angles in Table II.
Figure 3 shows

the

temperature dependence of

the normalized ac susceptibility curvegat Hy.=0)

for the Gd_,CeRUSKLCW,O1g_ 5 samples.
Sample(x) Gd, sCe sSLRUCWO; - 5 (asp is not superconducting but
superconductivity is observed for G&e, sSLRUCYLO, o 5
05 (asp 05 (hpo 0.7 (hpo and Gd Ce, ;SL,RUCWKO;,_ 5 With onsetT:’'s of 28
aA) 3.83815%1) 3.837721) 3.838091) and 30 K, respectively. Similar results were obtained from dc
c(A) 28.589617) 28.593341) 28.585285) magnetization studies, whefg is defined as the local maxi-
V (A3 421.16%2) 421.1267) 421.0881) mum maximum in the ZFC dai@igs. 4 and % It is possible
X 4.17 3.83 4.37 that the drop at 16 K forlasp Gd,; C&) sSLRUCWLO, 5
Rwe (%) 125 11.9 12.7 arises from a small fraction of a superconducting phase not
R (%) 9.3 8.4 8.3 detected in the dc magnetization studies. The peaks in the ac
Gd/Ce-O(2)x 4 2.4793) 2.5143) 2.5142)
Gd/Ce-O(4)x 4 2.31543) 2.31232) 2.30812) T .'. od oo RuSH 'Cu °
Cu-O(1)x 1 2.1396) 2.1485) 2.1575) 4.0x109 4 gvn\ 2SRRI 0
Cu-0(2)x 4 1.92634) 1.92293) 1.92363) 2 5
Sr-O(1)x 2 2.672) 2.6399) 2.6086) f ;
Sr-O(1)x 2 2.782) 2.8209) 2.8566) 5 200 k=05 R
Sr-O(2)x 4 2.8043) 2.7643) 2.7703) £ & 34.
Sr-O(3)x 2 2.6624) 2.6484) 2.6543) § 0.0 *‘
Sr-O(3)x 2 3.2816) 3.3125) 3.2964) 2 j,;\ =07
Ru-O(1)x 2 1.9816) 1.9705) 1.9654) 3 3
Ru-O(3)x 4 1.9782) 1.9872) 1.9871) 200107 .fx=0~5 (hpo)
0(1)-Cu-02) 95.0-97.15) 90.3-97.14) 89.2-98.61) } " %0 100 %0
Cu-O(1)-Ru 175.69) 172.85) 170.25) Temperature (K)
Cu-0(2)-Cu 170.13) 172.63) 172.12)
Ru-O(3)-Ru 152.@5) 149.93) 150.93) FIG. 3. Normalized ac susceptibility, measuredHat=0 of the

Gd,_,CeRuSKLCW,04_ s Samples.
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FIG. 4. ZFC and FQM/H curves for Gd_,CgRuSKLCW,0;¢_ 5 ’ eshs
(asp and (hpo) samples. The expanded inset shows the antiferro G sC& sRUSECLO,0 with the coercive field shown.
magnetic ordering peak in the ZFC branch of the hpo sample.

curves mark the irreversibility temperaturg,, discussed

below.

Evidence of the Meissner effect is observed in the ZFCGG 3C& 7SLRUCKL Oy,

magnetization measurements of GgCeRuUSLCW,O0;( [X - ! \ r
=0.5(hpo), x=0.7] [Figs. 4 and % The FC branches appear alsq increases Wlth'Ce doplng but degreases with oxygen
ferromagnetic, but antiferromagnetic behavior is observed ifloping consistent with previous resuffs’ o

the ZFC measurements. The ZFC and FC curves merge at At low applied fields, theM(H) curve exhibits a
T;»=104, 100, and 96 K fox=0.7, x=0.5 (asp and x !
—0.5 (hpo), respectively. Henc@;, decreases with oxygen that previously reported. The remnant moment M e
doping but increases with Ce doping, consistent with previ-=0.41ug/Ru) and the coercive field{c=—160 Oe at 5 K
ous results. The M/H curves do not lend themselves to an are the same for all samples.

easy determination of,(Ru), which was obtained for all

samples directly from the temperature dependence of the

saturation momentM,), as below.

Variable field magnetization studies were performed at
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FIG. 6. Magnetic  hysteresis  loop  for (hpo

tion in Mg, is observed with decreasing temperature until
Tu(RuU), whereMg,=0; Tyy(Ru)=165, 151, and 142 K for
Gd, sCe sSHLRUCWKO- 5 (asp
and Gd Ce, sSLRUCWKO;_ 5 (hpo) respectively. Hencé ),

typical ferromagneticlike hysteresis lodpig. 6) similar to

DISCUSSION

Knowledge of the cation and oxygen content of cuprates

various temperatures for all samples. The variation of magiS important for making a chemical estimate of the hole con-

netization with field can be described ad(H)=Mgy . o7 o
+ yoH, where M, corresponds to the weak ferromagnetic analysis has the advantage of giving an accurate composition

contribution of the Ru sublattice, angH is the linear para- 2 !
magnetic contribution of Gd and Cu. The saturation momeng'® Present, as here. The high peak to background ratio of the
for Gd; :Ce ;SKLRUCYKLO g s at 5 KisMg~1ug. M(H) 4 ue
curves were measured at various temperatures and a rediPancy of thed(4) site within the doubl& layers of these
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150

and FC

susceptibility

200

curves

for

Gd,; :Cq RUSKLCW,0,7 measured aH =3 Oe. T is shown at the
deflection in the FC branch.

centration via the formal Cu oxidation state. Diffraction
for well-crystallized materials even when secondary phases
present synchrotron x-ray data permits refinement of the oc-

2212 structures. The Rietveld refinements show that the oc-
cupancy ofO(4) increases from 0.87 to 0.95 to 1.00 for
Gd, 5Ce 5SHRUCKO - 5 (asp, GdysCe sSHLRUCKO - 5
(hpo), and Gd «Ce,;SLRUCYO,y, respectively. Substitu-
tion of Cé* for GA®* at constant oxygen content would lead
to a reduction in the hole-doping of the copper or ruthenium
layers. However, in the 2212 structure, the two
(Gd; _,,Ce0) layers sandwich the defectiv@(4) layer so
the increase in the cation layer charge witban be charge
compensated by an increase of tBé4) content. Increasing
from x=0.5 to 0.7 requires only an increase of 0.05
in the O(4) occupancy for charge compensation.
Comparison of GgsCesSLRUCKLO;y s (asp and
Gd,; .Ce ;SKLRUCYKO;y, Which were prepared under identi-
cal conditions, shows an increase of )3in the O(4)
occupancy, so that the increase in*Ceoncentration(x) is
actuallyovercompensatebly the increase in oxygen content.
This results in an increased hole doping, contrary to what
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would have been expected from the Ce substitution alonecould also be used to investigate the hole distribution in
The hole doping is corroborated by comparing the formalphase pure materials.

charges derived from the overall chemical composition The qualitative magnetic behavior of the Ru-2122
to the superconducting properties. The formal positivesysteni® is as follows. Starting from high to low tempera-

charge for (2CwRu) is calculated as 8.98, 9.30, tures, the magnetic behavior is divided into four regidis.

and 9.30 for the compositions GgCe,sSLRUCKLO,,, AboveTy(Ru) the system is paramagnetiit) At Ty which
(asp, Gy £Cey :SHLRUCKOg o0 (hpo), and IS deduced directly from the temperature dependence of

Gd, Cey ;SLRUCWKO, respectively. Mg the Ru sublattice becomes antiferromagnetically or-
The ac susceptibility measurements show tfasp dered. The up rise at elevated temperature of the ZFC branch

sample to be nonsuperconducting but the other two sampl E|g. 4 inset indicates precisely this antiferromagnetic be-

have very similarT;'s of 28 and 30 K. This suggests a for- a}vior. (iii) At Tir a v_veak ferromagnetism is i.nduc<_ad, which
mal charge distribution within error of 2€tu+RWw™ in the originates from canting of the Ru moments is defined as

(asp sample, with no doping of the copper oxide planes the merging point of the low field ZFC and FC branches, or

" L ‘alternatively, as the peak in the ac curves. Canting of the Ru
whereas the latter two samples are both 2Cu +Ruw moments may arise from a Dzyaloshinsky-Moriya interac-

with p=0.15. This corresponds to near-optimum doping ofijs hetween neighboring moments which is nonzero due to
the copper oxide planes. _ ~ symmetry-breaking tilts and rotations of the Ru@tahedra.

We have also attempted to estimate the charge distributiofjy) At lower temperatures superconductivity is induced and
between Cu and Ru using bond valence s@B¥S) which  T_ depends strongly on Ce and on oxygen concentrations as
are based on the refined Cu-O bond lengths. The copp&hown in Fig. 3. BelowT., both superconductivity and
valence was calculated using with standard values of weak-ferromagnetic states coexist and the two states are
=1.679 and 1.73 A for Cif and Cd* respectively® yield-  practically decoupled.
ing values of 252, 254, and 252 for We have shown that botfi,, and T,, are affected by
Gd, sCe sSLRUCWKO,o_ 5 (asp, Gd, CesSLRUCWKO;,_s  oxygen and Ce doping in the Gd CeRUSKLCU,O;_ 5 SYS-
(hpo, and Gd sCe,;SLRUCWO4,. It is well documented tem; bothT,, andT;, increase with Ce doping but decrease
that BVS overestimates the hole doping in the ruthenocuwith oxygen doping. There is no drastic change in the crystal
prate material$® for example, RuSIGdCwOg has been structure with either Ce or oxygen doping. Both
found to havep=0.08 based on superconducting and normalGd; Cey sRUSLCW,044_ s (hpo) and Gd sCe) RUSKLCW, 04
state transport properties, but BVS calculations estimate thkave the same charge states for Cu and Ru and the local
Cu valence as 2.4. This results from the presence of an apicahvironments around Ru are the same, suggesting a different
Cu-O bond that is anomalously short in comparison to thénfluence for the different magnetic transition temperatures
other superconducting cuprate structures. Furthermore, trgich as the Gd/Ce ratio. Recent XANES and high-
three BVS estimates for the present 2212 materials are noé¢mperature susceptibility studies &3_,CeRuS,LCu,0;,
significantly different, so they do not account for the differ- and RuSyGdCy,0g have indicated that the average Ru va-
ence between the nonsuperconductingp and the super- lence state is 4.6Ref. 20 for RuSERCuU,Og and between
conducting(hpo) andx=0.7 samples. This is also in keeping 5.0 and 4.95Refs. 24, 25 for R, _,CeRuSKrCu, 0,4 Sug-
with a previous study of doped Ru,M,Sr,GdCu,Og  gesting the Ru valence is not significantly reduced below 5.0
samples ¥ =Nb,Sn)3! in which physical measurements in R,_,CgRuS,LCu,0,, materials, in keeping with the
showed an increase in hole doping of the Guilanes with  present analysis. The main structural difference between
Sn substitution and a decrease with Nb substitution. HowGd; sCey sRUSKECU,0;4_ 5 (hpo and Gd sCe) RUSKLCUW, 04
ever, there was no corresponding trend of the Cu BVS withis thec lattice parameterg increases from 28.590 to 28.593
doping. A as oxygen is incorporated into GgCey sRUSECW,04¢- 5,

Examining the individual geometric parameters in Tablewhereasc decreases from 28.590 to 28.585 Asamicreases
I, it is evident that the change from nonsuperconductingto 0.7. As the concentration of Ce increases, there is a result-
(asp to superconductinghpo andx=0.7 samples correlates ant increase of oxygen into the structure but the decrease of
with an increase in the Cu{@)-Cu angles(from 170° to ¢ due to the addition of the smaller Ce cation out-
1729. The flattening of the Cufplanes is known to corre- weighs the structural effects of oxygen insertion. A recent
late with increasing superconductivity in cuprates, and igeporf® showed how the magnetic behavior of
clearly a more sensitive indicator than the Cu BVS here. Gd,_,Ce,RuSKCu,0,o_5 is different from that of

We conclude that BVS calculations of Cu valence areRuS,GdCw,Og; magnetic logarithmic relaxation, inverted
insensitive to the carrier concentrations in ruthenocupratéysteresis loops and metastable magnetic states were ob-
materials and the best chemical estimate is obtained froreerved. It was concluded that a long range dipole-dipole in-
determination of the composition. The substitution of Ce forteraction between RuQayers exists which is antiferromag-
Gd in the structure of Gd ,Ce SL,RUCW,0,_ 5 is overcom-  netic in zero field. Upon application of a small figlet100
pensated by an increase in the oxygen content leadin@e) the interlayer magnetic coupling becomes ferromagnetic
to an increase in the hole doping. Hence, in order todue to a spin flop interaction. It appears that small changes in
obtain the correct electronic phase diagram ofthe interlayer axis affect this interaction so that the dipole-
Gd,_,CeSrLRUCYKO,_; it is imperative that the oxygen dipole interaction becomes weaker with increasm@nd
stoichiometry is measured. X-ray absorption spectroscophpoth Ty, andT;, decrease.
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CONCLUSIONS being Cu/Ru band overlap, with estimated valences of Ru

From this study, in conjunction with previous works on *4.84 and Ce-2.08. This is rather rare in cuprates, the only
ruthenocuprate materials, commonalities and differences b vell-established examples involve homometallic band over-
tween the three families (1212, 2122, and ap (OT Cu chains and plangsn RBa,Cu;0; and related
Pb,RuSKLCu,OgCl) are evident. All of these structures have materials. The Ru-1212 are arguably the only gxamples of
commensurate CuCand RuQ planes so that the mismatch cuprate superconductors doped by heterometallic band over-
between the Cu-O and théongen Ru-O bonds always re- lap (of Ru and Cu plangsThis study demonstrates that the
sults in rotations and tilts of the Ry@ctahedra. The result- Ru-2122 superconductors are doped not by band overlap, but

ing strains within these structures may account for the poo y variations in the cation and (?xy_gen content as is typical
correlation of physical properties with BVS's, although these or most cupratesd_oped-L@CuOLl, Bi, I, an_d Hg cuprates,
are known to correlate well in other cuprates. The Iocaletc)' Thus, an Increase c.)f th@(‘l) site occupancy
symmetry-breaking distortions can lead to nonzero antisymbetween the R bilayers is _achleved by annealing
metric exchange responsible for the weak l‘erromagnetisn?dl-f"cq.)-fﬂ:aUSFZCUZOH’—(S under high pressure oxygen or by
observed in addition to the underlying Ru-layer antiferro-'"creasing the .Ce content t&=0.7. Thls'results in the
magnetism in all three types of ruthenocuprate. The othep@Mme Cu doping 0f~0.15 holes/Cu in both(hpo
Ru-layer magnetic phenomena depend on the interlayer CO@d;_5Cg).5RuSQCu2010_5 and, Gd 4Ce, RUSHCL,Os0,
plings which vary due to the different connectivities, dis- V.Vh'Ch is corroborated by thelf¢'s of 28 and 3(.) K, respec-
tances, and intermediate diamagnetic or paramagnetic ionlVely: whereas GgsCe, RUSECU,040-5 (@sp is undoped
In the present 2-122 samplt_a's,,, andTirr_ decrease with oxy- and nons_upercciglguctmg. All of these 2122 materials contain
gen doping but increase with Ce doping due to the interpla)';u"y oxidized Ru™.

of the latter factors.

The principal requirement for superconductivity in all cu-
prates is a doping of the Cy(lanes, usually with holes in This research was supported by the Israel Academy of
the rangep~0.05-0.25. The mechanism for doping in the Science and Technolog2000, the Klachky Foundation for
1212 material RuSGdCuy,0g was previously established as Superconductivity, and by EPSRC, UK.
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