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The crystal and magnetic structure of a sample of Ri%dCu,0, which orders magnetically at 133 K and
exhibits a superconducting transition at 35 K has been investigated by neutron powder diffractign. RuO
octahedra, which substitute at the chain copper site in a,88®,-type structure, are rotated by about 14°
around thec axis to accommodate physically reasonable Ru-O bond lengths in the plane. This results in a
v2a,xv2a, X ¢ supercell. The Ru@rotations are partially ordered to form competing domains that differ in
the sense of rotation. We speculate that the degree of ordering depends on annealing conditions. Surprisingly,
the only structural parameters that respond to the magnetic ordering at 133 K are the Cu-Cu distance, which
defines the thickness of the Caiouble layer, and the buckling angle of the Guglanes. Magnetic scattering
consistent with the previously proposed ferromagnetic ordering of Ru moments perpendiculac exibés
not observed. We do not rule out ordering of Ru moments parallel te thés or itinerant ferromagnetism.

INTRODUCTION ders antiferromagnetically at,=2.6 K. From a fit of Curie-
Weiss behavior in the paramagnetic state, effective magnetic
A new class of hybrid ruthenocuprates, RUSICU,0s  moments of 1 and Zg were determined for Ru and Gd,
(Ru-1212 and RuSj(Ln;,,Ce ,)Cwu,0y0 (RU-1222 (LN respectively. It was suggested that ferromagnetic ordering of
=Sm, Eu, and G was synthesized in 1995Ru-1212 is  the Ru spins perpendicular to tieeaxis would avoid strong
isostructural with YBaCu;O;_ 5 (YBCO) with Y, Ba, and  pair breaking effects and enable the coexistence of supercon-
Cul (the chain copper atoirbeing completely replaced by ductivity and ferromagnetism. The field of 700 G observed at
Gd, Sr, and Ru, respectively. Although ReSdCuOg  the muon site was consistent with a dipolar field of in-plane
samples were not bulk superconductors, some trace of supestigned moments. However, subsequent electron-spin-
conductivity was observed from resistance measurementgesonance studies showed that the field at the Gd site is 600
However, the superconductivity could not be unambiguoushG * consistent with a dipolar field arising from moments
attributed to the 1212 phade. aligned parallel to the axis. Two things may be said con-
Later, Tallonet al? found that, with special synthesis and cerning these contradictory results. First, an exchange field
annealing procedures, Ry&SdCuwOg can be made ferro- must be present in at least one of the sites, and second, be-
magnetic Ty~ 133 K) and superconducting ¢ up to 46 K causeH,, is observed to be large(>100 T) compared to
with a Meissner fraction close to 100% at 4.2 K. Severalthese local fields there is no constraint on alignment direction
measurements have been performed to confirm the coexidirom the point of view of pair breaking. Measurements of the
ence of superconductivity and ferromagnetism, belgwy in  high-field magnetization were consistent with a saturation
this material on a microscopic scale. In particular, Bernhardnagnetization belowl,, of 1.2ug associated with the Ru
et al.® using the zero-field muon spin rotatigeSR) tech-  moments, consistent with bulk ferromagnetism involving the
nique, searched for any changes in the ferromagnetic signalignment of all Ru momentsln separate work by Felner
tures with the onset of superconductivity and found noneet al.® two magnetic transitions at 168 and 2.8 K were re-
The spontaneous local field at the apical oxygen site, foungorted for a nonsuperconducting sample of BGSICWOsg,
in zero-field uSR, remains unchanged through the onset ofvhere the 168-K transition was concluded to(fsem ac and
superconductivity with a continuing weak linear increasedc susceptibility a transition to antiferromagnetism. It is not
down to below 2.5 K. From these measurements, the mates yet clear what are the composition and/or structural dif-
rial was demonstrated to be microscopically uniform with noferences between Felner's and Tallon’s samples.
evidence for spatial phase separation of superconducting and In this paper, we report temperature-dependent neutron-
magnetic regions. Similar results are found probing the locadliffraction results for a RuS6dCuOg sample exhibiting a
field at the Gd site using electron spin resonafE8R.*  magnetic transition at 133 K, a superconducting onset tran-
Hysteresis loops, consistent with ferromagnetism, were obsition at 35 K, and a bulk transition at 18 K. We find that the
served down to bels 5 K in dc magnetization measure- structural parameters vary smoothly as a function of tem-
ments. In addition to the Ru ferromagnetic orderipggR  perature except for the Cyuckling angle and the thick-
and dc magnetization data showed that the Gd sublattice oness of the conducting layé€u-Cu), which both show sharp
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0.2 . . . . w ensure homogeneous cooling. Diffraction data were acquired
: at 11 different temperatures between 300 and 12 K using a
M8 K 7 closed-cycle heliuniDISPLEX) refrigerator.
o L"/ | The crystal structure was refined by the Rietveld tech-
T ) nique, using thessas codé and the high resolution back-
: scattering data (2=145°). The refinement included up to
: i 1107 Bragg reflections over théspacing range 0.5-4 A.
0_:5 \‘--m.~ Background, peak width, absorption, and extinction param-
. eters were refined, together with lattice parameters, atom po-
. . . , . sitions, oxygen site occupancies, isotropic temperature fac-
0 50 100 150 200 250 300 tors for the cationsQ1, O1’, and O2, and an anisotropic
T (K) temperature factor foD4 (see Table)l
o Initial refinements were performed using the average te-
FIG. 1. Ac susceptibility measurement for ReSACUL0s A ragonalP4/mmmstructure @,% a,% c) and starting values
ferromagnetic transition at 133 K and a full superconducting tran-qiained from Ref. 2 for the lattice and structural parameters.
sition at 18 K are observed. Superconductivity appears at a highqt, s structure, Ru atoms occupy octahedral gités) at (0
temperature of-35 K. 0 0)] and are surrounded by six oxygen atoffeur equato-
. ) o rial atoms ©1), and two apical atomsQ4)]. Ideally, the
changes in their temperature derivative n€gr. Below the equatorial oxygen aton®1 would be at the 2(() sites[at (0
magnetic ordering transitiof133 K), we do not observe ad- 1 0)]. However, such a configuration requires an in-plane

ditional intensity in the 001 reflection, as would be expected;; :
for ferromagnetic ordering of Ru moments perpendicular to Istance betwe+esn Ru ar@l that is somewhat shorter than
the ¢ axis. expected for RU° (Refs. 2 and B(~1.919 A at room tem-

peraturg using the ionic size values given by Shanfidn-
deed, refinements in this model converged poorly and
yielded a large thermal factor of7 A? for O1, indicating
Because of the high absorption cross sect2®400 b of that these equatorial oxygen atoms must be displaced off
natural Gd for thermal neutrons, isotopica”y enricH-é?Gd their ideal pOSitionS. Excellent refinements were achieved by
(0.77 b absorption cross sectiowas used to synthesize a displacing theO1 atoms from the(0 ; 0) site to new 4()
sample for this study. A polycrystalline Ru$t%GdCuy0g  Sites a.t(~0.12256% 0). For the displaced site, the thermal
sample was synthesized by solid-state reaction of KuO factor is reduced to a reasonable value-e9.45 A This
SICO,, 1%9Gd,0,, and CuO powders. The mixture was first displacement corresponds to a rotation of the Bo_ﬁlahe-
decomposed at 960 °C in air. It was then ground, milled, andlra by about 13.8° around theeaxis such that the in-plane
die pressed into pellets. The first sintering step took place ifRU-O distance can achieve a physically reasonable value
a flowing nitrogen atmosphere at 1010 °C. This step results 1-975 A. Furthermore, refinements showed that the oxygen
in the formation of a mixture of the precursor material ©ccupancy of this site is 1.95) (a maximum of two oxygen
S,GdRUQ and CyO and its purpose is to minimize the atoms per unit formula is allowgdFinal refinements in this
formation of SrRu@ The material was then reground and Model produced a good fit to the data ywth agreement factors
reacted in flowing oxygen for 10 h at 1050 °C. This sinteringRwp=7.50% andRe«x ,=6.33%. Rotation of the Ru§oc-
step was repeated twice with intermediate grinding and millfahedra lifts the inversion symmetry of tl sites with the
ing. Each reaction step was carried out on a MgO singlefesult that an additional phonon associated with drexis
crystal substrate to prevent reaction with the alumina cruvibration of this oxygen is evident in the Raman spetfra.
cible. Finally, the sample was cooled slowly to room When the high-symmetr?4/mmmspace group is used
temperature in flowing oxygen. to refine the structure with displacéll sites, multipleO1
Figure 1 shows the ac magnetic susceptibility as a funcsites, corresponding to clockwise and counterclockwise rota-
tion of temperature for the sample used in this study. Thdions of the Ru@ octahedra, each with nominal 50% occu-
magnetic transition previously reported is clearly seen apancy, are defined. In the actual structure, it is unlikely that
~133 K. At lower temperature, superconductivity first ap- such disorder would occur on a short length scale because it
pears at 35 KFig. 1) and a full superconducting transition is would require substantial distortion of the corner-sharing
observed near 18 K. Other studieshow that the thermody- RuQ; octahedra. Rather, one would expect extended ordered
namic superconducting transition is associated with thé€gions, at least in the plane perpendicular to thexis,
higher transition but due to the sample granularity macrowhere adjacent Rufoctahedra have the opposite sense of
scopic screening currents are not established until the lowéptation. The physical argument for ordering of the rotations
temperaturg18 K). along thec axis is less clear. However, there is experimental
evidence for ordering. Superlattice lines definingv/2a,
Xv2apXc cell have been previously observed in electron
diffraction!! We also see small superlattice lines in our neu-
Time-of-flight neutron powder diffraction data were col- tron powder diffraction datéas shown in the inset to Fig).3
lected using all detector banks of the Special Environment Based on these observations, we performed additional re-
Powder Diffractometer at Argonne’s Intense Pulsed Neutroriinements in the appropriate supercell, using a tetragonal
Source’ To minimize the background, the sample was sealegpace grougP4/mbm The O1 oxygen atoms are at g)
in a thin-walled aluminum can with helium exchange gas tosites (x, x+3, 0). Figure 2 shows the structure of

ac susceptibility (arb. units)

SYNTHESIS AND CHARACTERIZATION

NEUTRON POWDER DIFFRACTION
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TABLE |. Room-temperature structural parameters for BGECWOg. In space groufP4/mmm Ru is

at(000), Srat(3 32, Gd at(3 5 3), Cu at(0 02), 01 at(x 3 0), 02 at(3 0 2), andO4 at(0 02). In space

groupP4/mbm Ru is at(0 0 0), Sr at(3 0 2), Gd at(3 0 3), Cu at( 0 02), 01 andO1’ at (x x+ 3 0), 02

at (3 3 2, andO4 at(0 02). Constraints areB(01)=B(01’'); x(01)=x(01')+3.

P4/mmm Rt/mbm
o1 01 andO1’
a(d) 3.835993) 5.424 925) 5.424914)
cA) 11.562 §2) 11.562 62) 11.562 §2)
Volume (A% 170.145%3) 340.2846) 340.2906)
Ru B (A? 0.223) 0.233) 0.223)
Sr B (A% 0.493) 0.543) 0.4903)
z 0.19031) 0.190641) 0.19031)
160Gd B (A? 0.073) 0.103) 0.073)
Cu B (A? 0.142) 0.1622) 0.1422)
z 0.35471) 0.35471) 0.35471)
o1 B (A? 0.606) 0.296) 0.596)
X 0.12287) 0.19224) 0.18883)
n 0.49(1)x 4 0.75(1)x 4 0.70(1)x 4
o1’ B (A? 0.596)
X 0.68883)
n 0.27(1)x 4
02 B (A? 0.422) 0.422) 0.422)
z 0.37141) 0.371%1) 0.37141)
04 B11=B,,(A?) 1.146) 1.156) 1.146)
Bas(A2) 0.187) 0.197) 0.197)
z 0.16532) 0.16532) 0.16532)
R, (%) 5.09 5.48 5.07
Rup (%) 7.50 8.14 7.43
Ress 2 (%) 6.33 6.55 6.19
G 2.55 3.00 2.50
RuSpGdCuyOg in this space group. The results of these re-
finements are _given in Table I. It Was.immediately obvious 8000 7
from these refinements that the ordering was not complete. 400, - -
When only one oxygen sitg.e., one sense of rotation for the : 300 | | |[N
RuQ;, octahedrawas allowed, th€©1 site occupancy refined 6000 - 200, || ks f’z‘ii = 1]
to 0.75(see the middle column of Tablg. [Excellent refine- 100 J;I J‘.{MJ(J’[I T
ments were achieved by allowing a second oxygen &ifg, 4000 | OF Wil W ATINE
representing a minor fraction of Ry@ctahedra rotated in

Counts

the opposite sendee., out of phase with the major fractipn 2000 |

LT T T W WY A I T o [ |
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FIG. 3. Best-fit Rietveld refinement profile showing observed
(+) and calculatedline) intensities. Cubic aluminum, from the
sample holder, was included in the refinemenBm@m, a
=4.048 A at 300 K. The markers below the profile correspond to
the Bragg peak positions for: RuSdCu0Oq (top) and aluminum
(bottom. The difference between observed and calculated intensi-
ties is shown at the bottom. The refined background has been sub-
tracted. Some superlattice reflections are indicated by arrows as
shown in the inset.

= ¢ O°

FIG. 2. Structure of Ru$6dCy0g in space group P4/mbia).
A [0 0 1] projection showing the rotation of the Ry@ctahedrab).
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FIG. 4. Unit-cell volume and lattice parametersindc (inset3 1828 ) 11.978
as a function of temperature. The size of the error bars is smaller < I.1.1 % . . ?I:U
than the symbols. & 1925 7T ! 1975 Q
3 -~ =z
With no constraint on the sum, th®@1 andO1’ site occu- 1.923 | 11.973
pancies refined to 0.70) and 0.271), respectively(see last
column of Table ), giving a total occupancy of 0.92). The 1.920 T T 1.97
success of this unconstrained refinement confirms the valid- 0 100 T (K)ZOO 300

ity of the partially ordered model. Figure 3 shows the raw
Q|ffract|on data and Rietveld refinement profile for this par- 5 5 cy.04 and Ru-04 bond-lengtite) and Cu-02 and
tially ordered model.

Our observation of partial ordering is in agreement with

high-resolution transmission electron microscdp\RTEM) upon cooling from 300 to 12 K. Selected bond lengths for

observations of multiple misoriented domains of dimension§he Ru-O and Cu-O bonds are plotted in Fig. 5. Interestingly

50-200 A reported by McLaughliet al.” The domains are the equatorial Ru-O1 bond length remains unchanged with

separated by well-defined antiphase boundaries at which tr}fecreas'n temperature while the apical Ru-O4 bond lenath
sense of rotation of the RyCoctahedra is reversed. We g perature wh bl . g

. ) .exhibits a negative thermal expansion and increases mono-
speculate that these domains form upon cooling the maten%

; _ 9 ; nically upon cooling. The magnitude of this increase
from high temperature. At high temperature it is plau3|ble(wo_01 A) is compensated by the shortening, by about the
that thermal motion results in a fully disordered structure. 4

; . ) . . —'same magnitude, of the Cu-O4 bond lendg. 5a)] result-
Upon cooling, domains with a particular sense of rotatloning in almost unchanged thickness of the blocking lake

nucleate and grow. We attribute no special significance t?—?u—Cu) block shrinks by only~ 0.004 A between 300 and
the approximate 75%/25% ordering in our sample. The de12 K. On the other hand. we fiﬁd that the Ru@tahedra
gree of ordering will likely be different for other samples rotate further with decreasing temperature so that the Ru-O1

depending on the annealing conditions. b : : “ e
. . ond length remains nominally “constant.” Figure 6 shows
Ordered distortions of the Ry®@ctahedra, such as shear the linear relation between the rotation angle of the RuO

displacements of the apicaD4, oxygen atoms or tilting of octahedra and temperature.
the octahedra are conceptually possible and would result in- o therma| expansion coefficient for the thickness of the

further reduction of the space-group symmetry. For exampleconducting block(the Cu-Cu distandechanges abruptly at

one could er]lV|5|on dlsplaczmen_t of the mdgplcgl OXy- h the ferromagnetic transition temperature, as shown in Fig. 7.
gen atoms of a Rug)octa. edron in opposite directions with zp, ¢ Tw, this coefficient is more than three times larger
or without a corresponding tilt of the entire octahedron in-

volving displacements of th®1 oxygen atoms out of the
plane. Such a distortion would give an orthorhombic space
group. We attempted refinements with several possible mod-
els of this type, but found no evidence for further reduction
of the space-group symmetry in our data. The refined atomic
displacements defined by such models were within our spa-
tial resolution(<0.1 A) and any small improvements iR
values were not statistically justified in terms of the addi-
tional complexity of the models. However, it may be useful
to revisit such ideas if single-crystal data or powder data of
higher resolution become available.

Ru-O1 bond lengthgb) vs temperature.

14.5

14.3

141

13.9

RuQg rotation angle (°)

1

Unit-cell volume and lattice parameteasand ¢ (Fig. 4 o 100 200 300
and insetsare plotted as a function of temperature. No sign T (K)
of any anomaly(within our instrumental resolutiorsugges-
tive of a lattice magnetostriction in the vicinity of the ferro-  FIG. 6. Rotation angle of the Ry®@ctahedra about theaxis as
magnetic transition is observed. A smooth decrease is seanfunction of temperature.

13.7
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FIG. 7. Cu-Cu bond-lengttbetween two adjacent Cy@lanes Interplanar spacing, d (A)
and CuQ buckling angle(defined as the angle at which O2 atoms
stick out of the Cu planevs temperature. Both curves show an  FIG. 8. Observed pattern of the 001 reflection at 20 K. Data
anomaly around 133 K at which the sample becomes ferromagneti€ollection time was 8 h. The functioA-d-e{”¥®), whereA andB
were refined 132848) and 2.65%3)], was used to fit the background

than the thermal expansion coefficient of thexis. Below ~ (S°lid line.

Twm, no significant variation is observed. In a similar way,

the buckling angle of the CuQayers(also shown in Fig. ¥  and 240 K. A typical profile of the raw data near the 001

exhibits two distinct linear responses to temperature. Henceeflection, collected at the2-14.6° detector bank, is shown

the thickness and the buckling of the conducting block conin Fig. 8. The observed backgrourisample in aluminum

spicuously respond to a charge redistribution that is takingan is about half of the background obtained with the stan-

place near the transition to ferromagnetism. This observadard vanadium can and is mostly due to paramagnetic scat-

tion, that the magnetic transition involving the Ru sites pro-tering from the Gd ionic spingsee below.

duces a structural response in the Guianes, might sug- The background was fitted to the functi¢solid line in

gest some degree of hybridization of the Ru and CuFig. 8 A-d-e (“®), whered is the interplanar spacing and

electronic states. An alternative, but less likely, explanatior and B were refined for each temperature. A plot of the

is that the spontaneous field might partiaibherhaps dynami- background count vs temperatufég. 9 shows a sharp de-

cally) align spins in the Cu@layer, giving rise to the struc- crease in the background count as the sample is cooled be-

tural response. low ~ 30 K. We believe that this decrease is related to

fluctuations of the spins of the Gd ions as the ordering tem-

perature is approached. The background from paramagnetic
SEARCH FOR FERROMAGNETISM OF THE Ru scattering decreases significantly as Gd spins begin to order.

SUBLATTICE The integrated neutron coufiNC) in the 001 reflection
In neutron diffraction, ferromagnetism is manifested asVa@s obtained for each temperature, after subtracting the fitted

additional scattering for specific peaks that have nuclear scapackground and normalizing to the total upstream monitor
tering intensity. In the present study, the sharply decreasin§PUnt; and is plotted vs temperature in Fig. 10. These results
form factor for RG* and the large nuclear intensity for most Were found to be insensitive to the choice of background
peaks makes it feasible to observe magnetic scattering onfynction, d range of integration and other modes of normal-
for the 001 peak(We conclude from bond lengths that Ru is ization (e.g.,.normallzan.on with respect to the proper time of
in the 5+ state, but note that the form factor for Ruis not flight band in the monltc_jr The estimated increase in the
significantly different than that for Rti). The RE*(4d3) is  INC of the 001 reflection due to ds/Ru (28%) and
a large ion and its form factor decreases sharply witH)-54s/Ru(7%) are also show(Fig. 10, arrows Our results
sin@/\(=1/2d). Using the known form factors fordf, 4d”,
4d°, and 41* (Ref. 12 we have estimated the form factor for 11500 [rrrrprrrs e fo ey
the RZ* ion and found that the magnetic contribution to the i
neutron intensities for the 001, 002, 003/010, and 004 reflec-
tions are ~86, 53, 27, and 10% of their full value. The
nuclear intensity of the 001 reflection is accidentally rather
small (Fig. 8 and we have estimated a 28% intensity in-
crease(after correction for the form factprin the case of
ferromagnetism due to ordering of the Ru moments perpen-
dicular to thec axis with 1ug/Ru (low spin statg This is
the ferromagnetic ordering initially proposed to be most [ ]
likely.® %500 0= 50700 150 200 250 300 350
To maximize the signal-to-noise ratio, a specially made Temperature (K)
aluminum can was usdtength, diameter, and wall thickness
equal to %, 7, and 0.005 in. Neutron data were collected for  FIG. 9. The integrated neutron couittiC) in the background of
10 h at 300 K, 12 h at 12 K, and for 8 h aach of the 001 (normalized by the total monitor countas a function of tem-
following temperatures: 20, 40, 60, 80, 100, 120, 140, 180perature.

11000 |- } .
10500 | ]

10000 H .

Neutron count (counts)
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_ 4000 e a fraction of 0.271) rotated in the opposite direction. These
42 3800 <— 10p 1 fractions are the fractional populations of the two domains.
=] r g 1 We speculate that these populations are likely to depend on
8 3600 |- . the annealing of the sample. A quenched sample would be
?E’ 3400 - 0.5p, p likely to show nominally equal populations in the two do-
=] . ] mains, while a well annealed sample may approach a single
8 3200 *%‘T{f/ % E domain in each crystallite. This conclusion has important
S 3000 %— — % %_ _— _% _ _% 1 implications for the dependence of superconducting proper-
*3 2800 [ % % ] ties on annealing. Tallon and co-worker$iave shown that
g ; resistive and thermodynamic superconducting transitions are
26001\ L i 1 |

seen in all samples, but macroscopic superconductiasy
probed by magnetic susceptibilitis only observed in prop-
erly annealed samples. One could conclude that macroscopic
screening currents are established only when there has been

FIG. 10. Observed INC in the 001 reﬂgcuon as a function Ofsufﬁcient annealing to allow the ordered domains to grow to
temperature. The two horizontal dashed lines represent the mean

a critical size. The antiphase boundaries which separate the
INC below and above 130 K. . - -
ordered domains apparently disrupt superconductivity.

(Fig. 10, do not show the expected change in the INC thatv ol-\l;ikrze ?Sﬁtﬁggﬂnﬁog I];?L:rcr)nrgi?r?:rigsm, tr?:m\ll;nlesg e}:,e:::
would indicate full ferromagnetic ordering of the Ru mo- . 9 9 : p PErper

. .~ dicular to thec axis would be readily seen in our experi-
ments below 133 K. Due to the experimental uncertainty

) ‘ments. However, we do not see the expected scattering.
however, we note that any INC increase dugutoless than . .
. Other models for the magnetic structure would be consistent
about 0.2.5/Ru may be too small to be unambiguously ob-

B with this result. These include: ferromagnetism along ¢he
served in this measurement.

. . axis, weak ferromagnetism(i.e., canted antiferromag-
Hence, from our measurements, there is no evidence for

oy 14 o .
ferromagnetic component perpendicular to thexis. The ﬁetlsn") of the Ru planes, or itinerant ferromagnetism as

o r(ljas been reported for SrRy& Our measurements are not
statistics of our measurement allow us to say that the ordere -, . :
ensitive to an in-plane ordered moment on the Ru sites

in-plane ferromagnetic moment cannot be larger than aboustmaller than about 08, because the signal-to-noise ratio of

0.3ug . We recall that the saturation magnetization indicate Tl :
. 5 . he measurement is limited by the large paramagnetic scat-
an effective moment of 1425 .> Our accuracy for this mea- tering from Gd

surement is limited mainly by the large background resulting We observe a curious structural response at the magnetic

from paramagnetic scattering from the Gd spins. Thus th%rdering transition, 133 K. The temperature dependence of

best opportunity for observing ferromagnetic scattering o A . .
top of the nuclear scattering is for the 001 reflection, wherghe Cu-Cu distancéhe thickness of the Culouble layey

the nuclear scattering is accidentally small. There is Iittleand the buckling angle of the Cy@lanes changes abruptly

chance of observing magnetic scattering for other peaksat this temperature. It is surprising that such a structural re-

where the nuclear scattering is much larger and the expecte‘d'(i)Onse is seen in the Cu@lanes rather than in the RyO

octahedra, which have several degrees of freedom that could

magnetic scattering is even smaller because of the form fac- o X . .
tor. For these reasons, it is difficult to test for other magnetig)e sensitive to subtle changes in bonding resulting from the

structures, such as ferromagnetic ordering alongthes or Spin ordering. \.Ne. speculate that the energy levels for Ru and
r%u are very similar and may be thought of as forming a

P I B L L .
0 50 100 150 200 250 300 350

Temperature (K)

antiferromagnetic ordering. We searched our data for an arrow band. If such a hypothesis is frue, an active charge

other new peaks at low temperature that might come fro ransfer between Ru and Cu atoms could be observed similar
antiferromagnetic ordering and found none. However, it is

unlikely that such peaks would be seen in our measuremen%?eg?:;istasneceen EeF;gﬁ(zhzwtss 'Sb'; E;l\%(r:%ergnneent Vé';gg?g'an d
given the sharply decreasing form factor. Tallon'® indicating a strong exchange interaction (
=35meV) between the spins and the carriers. Because this

CONCLUSIONS is comparable to the superconducting energy gap one would
We have shown that RuSBdCuOs has a modified expect §uppression of superconductivity _due to exchange if
YBa,Cu;O4-type structure in which the unit cell has been the carriers are only-on the C@@'aﬁ‘es- I 1S therefore con-
enlarged tov2a,xXv2a,Xc as a result of coordinated rota- (I:?Iuded that t_he carriers are assouate_d with both Lesth
tions of the Ru@ octahedra which substitute for the Cu-O uG; bandsi.e., itinerant ferromagnetismBecause of the

chains. These rotations are required to accommodate a relinerant nature of the Ru moments, anomalies due to mag-
sonable in-plane Ru-O bond length. We see no additiond]

etic ordering could be manifest in the Cuflanes rather
structural distortions, such as shear displacements of the aﬁ

1an in the Ru@octahedra. An alternative explanation that it
cal oxygen atoms@4) of the type that occur when RgO Is the Cu spins which order ferromagnetically has to be dis-
octahedra are substituted at the Hg sites in

. missed as highly unlikely. Zn substitution for Cu rapidly
; ey i 5
(Hg, R8SK,Ca, ,Cu,0,.%% The sample contains domains of suppressesc while having little effect onTy, .
opposite sense of RyOrotation separated by antiphase
boundaries. The sense of rotation is completely ordered

within a domain. In an unconstrained Rietveld refinement, We are grateful to Dr. Christian Bernhattflax Planck
we observe a fraction of 0.7D rotated in one direction and Institit) for procuring the'®%Gd for the present sample. This
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