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Structure and magnetic properties of the highT . related phase CmCuO,
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Neutron-diffraction, x-ray absorption, and magnetic susceptibility measurements have been used to charac-
terize the structural and magnetic properties in a 42-mg powder sample &u@n This curium compound
crystallizes in the tetragond//mmmspace group, and is isostructural with RgCuQ, (R=Pr-Gd) series that
become superconducting upon electron doping. The lattice parameters, Cm-O distance, x-ray-absorption edges,
and magnetic susceptibility data indicate that the Cm is trivalent. The Cm spins order antiferromagnetically
below 25 K, although the magnetic and chemical unit cells are identical. The spins, which order ferromagneti-
cally within the a-b plane, are antiferromagnetically coupled along thaxis, that is, adjacent planes are
coupled antiparallel along. These results are discussed in terms of the absence of superconductivity in the
Th-doped analod.S0163-18289)05229-7

INTRODUCTION ground state, which to first order is spherically symmetric
and therefore should not be influenced by the symmetry of
The R,CuQ, phases R=La, Pr-Gd are parent com- the crystal field. However, splitings as high as 40¢m
pounds for high-temperature superconductors. With the ap57.2 K) have been reported for G where they have been
propriate doping of trivalent La by holes @Sy B&?*) or of  attributed to the effects of intermediate couplintn con-
trivalent Pr-Eu by electrons (¢&, Th*"), the resulting solid ~ trast, intermediate coupling cannot split the €nground
solutions are superconductors will's of 32 K (Ref. 1) and ~ Stateé, which is a singlet=0). The cusp observed in the
24 K2 respectively. Although the La analog has an Ortho_suscepublhty could.orlgmate from the magnetic ordering of
rhombic structure (Cmca similar to the Pr-Eu series the Cn?" spins, or it could be t_he result of charge_ transfer,
(14immny,* these two structures differ in the location of structural changes or crystal-field effects. Clarifying these

one crystallographic oxygen. The La analog is also the onl oints snould further the_understandlng Gl synergism be-
ween magnetism and high-temperature superconductivity.

phase in this serie_s that becomes a hole super(_:ondgctor. The experiments discussed herein have been undertaken
CmyCu0, form; a S|ng!eh5hase material t;‘gat crystal.hzehs n aUSing neutron diffraction, magnetic susceptibility, and x-ray-
structurg conS|ste_nt. \,N't mmmsymmetr - A cusp in the absorption spectroscopy. Neutron-diffraction data have been
magnetic susceptibility as a function of temperature at 25 Kseq to determine both the nuclear and magnetic structures
indicates a magnetic ordering of the Cm moments. Dopingy this compound. X-ray-absorption spectroscopy confirms

with Th*" to form Cmy_,Th,CuGy results in a single phase the conclusions from diffraction and magnetic data that Cm
material forx~0.18, but the sample is not superconducting.is trivalent in this host.

The purpose of the work described herein is to further char-
acterize the structure, electronic, and magnetic properties of
the parent compound GGuQ,.

There are several features about OmO, that need clari- 248Cm, atomic number 96, is a manmade, radioactive iso-
fication. First is its structure. Although trends in lattice con-tope ,,=3.5X10° years, 91%u, 8.26% spontaneous fis-
stants indicate that Cs8uQ, is isostructural with the so sion), available only in mg quantitie€Cm must be handled
called T’ phase of the Pr-Gd analogs, the structure needs tand transported with appropriate safety protocofs42-mg
be experimentally determined. The introduction of eitherpowder sample of CpCuQ, was prepared by following pro-
holes or electrons to produce superconductivity is dependemiedures optimized for FEuQ,. The details of sample prepa-
on the details of the oxygen distribution about Cu in thisration can be found elsewhet®hase purity was checked by
structure. In addition, it has been suggested that there aseray diffraction. X-ray powder patterns were obtained using
interstitial Cm or oxygen ions that influence the supercon-a Scintag diffractometer operating with a copper tube, and in
ducting properties of these materi&l$he second point that theta-theta geometry.
needs clarification is the valence of Cm. Cm is the actinide The magnetization experiments were conducted on a
analog of Gd, with a trivalent ionic radius slightly smaller Quantum Design superconducting interference device
than Nd> Cm has a reduction potential similar to Pr, which (SQUID) under an applied magnetic field of 1000 G. The
means that it can form either trivalent or tetravalent oxfies.sample was doubly encapsulated in aluminum containers.
In order to rule out significant charge transfer from Cm toThe empty containers were run independently to determine
Cu, it is necessary to directly determine the valence state ahe background correction to the data.

Cm in this material. The third point that needs clarification is  X-ray-absorption experiments were conducted on powder
the source of the cusp observed in the magnetic susceptibilityamples at room temperature on the BESSRC bending mag-
at 25 K. Cni* has af’ configuration with a nominafS;,  net beamline 12BM at the Advanced Photon So/AfeS) at
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the Argonne National Laboratory. Cm-3, L,, andL, edge CmCuO

data were collected with a §111) double-crystal monochro- 200 T = 295K 2 4 150 deg
mator that gives an energy resolution &fE/E=14.1 ) observed
X 10°°. Literature values for these edge positions are re- 150 : N . — calculated
ported at 18930, 23779, and 24 460 eV, respectitétar- @ 100 o O S T [ difference
monic rejection was accomplished using a Pt mirror, set tcg : :

reject energies higher than 25 keV. The use of harmonic® 50 E, j}
rejection at these energies is necessary at the APS because™ h
the high flux of high-energy photons. The energy was cali-
brated by setting the inflection point of the first derivative
from the Nb K edge to 18 989 eV. All data were taken in the =
fluorescence and transmission mode simultaneously, using'z,
flow-type ion chambe(The EXAFS Co) as a detectot The
detector was charged with xenon gas and used without slit B P
2 ) LI 1.5 2.0 2.5
or a scattered-radiation filter. This is a common approact _ "
with the conventional 45°-incident/45°-exit fluorescence d-Spacing (A)
XAFS configuration, which minimizes the scattered radiation ) ] ]
to the detector. The method of data analysis is described FIG. 1. Room-temperature diffraction pattern and reflneme_nt for
K Cm,CuQ,. These data were collected for 24 h at an average diffrac-
elsewhere. i le of 150°. Th the observed data, which t
Neutron-diffraction data were taken on this sample usingﬂon angie o - /€ CTOSSEs are e observed data, Which are no
. . - ormalized to the incident beam, and the solid line is the refine-
the Special Environment Powder Diffractomet&EPD at The diff b he ob d and the refined
the Intense Pulsed Neutron Source at Argonne Nation Tem' e difference between the observed and fhe refined structure
aL? shown at the bottom. The two sets of vertical lines indicate the

Laboratory. The sample was sealed in a vanadium samp ositions of nuclear Bra eaks originating from O, (to
holder and further masked with Cd to improve the back-; 4 Cd(bottom. 9P g g 4o, (top)

ground. Data were obtained at room temperature; 3K,
and 15+ 4 K using a closed-cycle refrigerator. Problems with . ) N
the thermocouple placement and sample self-heating resultédpserved lines in the powder pattern. In addition to the com-
in a relatively large error in the determination of the samplePound of interest, there are contributions from the vanadium
temperature_ Each data set took approximate|y 48 h to COpf the Sample holder and cadmium from the mask. Vanadium
lect. Neutron data were collected simultaneously at three difhas only a very small coherent scattering cross section for
ferent detector banks with an average angle of 150°, 90°, andeutrons therefore the Bragg peaks from this phase are very
60°, which have resolution oAd/d=.0034, 0.0054, and weak. Whereas the phase was included in the analysis, the
0.0088, respectively. In order to get the structural informaphase was not refined. Cd, which has a larger scattering cross
tion, we have used the high-resolution data bah&0°). section was also included in the analysis, but the phase re-
Since magnetic intensities are relatively weak compared téined poorly. This is because Cd has a high absorption cross
the nuclear peaks, we have used 60° bank where strongsection, it was not in powder form and it was used as a mask,
signal can be obtained at the expense of resolution. In addiyvhich means that it does not diffract from the scattering
tion, large d-spacing diffraction data, where the effects of center.
magnetic form factor are reduced, will significantly improve  The peaks in Fig. 1 that are attributed to £2n0, can be
the analysis, and these data can be collected at the 60° banKgexed with(h,k,) with h+k+1=even and assigned to the
The highestd spacing achieved in 150°, 90°, and 60° banksspace groud4/mmm (space group 139 This is the same
are 3.96, 5.41, and 7.65 A. Most of the data were analyzedpace group that has been reported for the oREEuO,
using the General Structure Analysis Systei@SAS ~ (R=pr, Nd, Sm, Eu, and Gd? The intensities of the neu-
progran. The neutron coherent scattering lengths used fofron peaks in Fig. 1 confirm that GXAUO, crystallizes in the
“Cm, Cu, and O in units of I0cm are 0.77, 0.77, and 77 phase, and is isostructural with the Pri&enalogs. The
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0.58, respectively. crystallographic sites of the Cm, Cu (D, and G2) in the
I4/mmmspace group areef0,0z), 2a(0,0,0), £(0,0.5,0),
RESULTS AND DISCUSSION and 4d(0,0.5,0.25). The calculated powder-diffraction pat-

tern is compared to the room-temperature data as shown in
Fig. 1. The lattice constants and structural parameters deter-
The room-temperature neutron-diffraction pattern ismined from the best fit are listed in Table I.
shown in Fig. 1. The relatively high background results from  The neutron data collected at 35 and 15 K were also fitted
a combination of the very small sample size, the large incoto determine the atomic structure. There is no indication
herent scattering from the vanadium can, and the contribufrom these data of a structural phase change at lower tem-
tion of neutrons from the decay 6f%Cm. The latter has perature. The linewidths remain narrow at all temperatures,
been previously demonstrated to contribute significantly tovith no indication of any of the stacking faults or lower
the measured background in experiments similar to thossymmetry that has been seen in the structure or magnetic
discussed hereitt. Oscillations in the baseline arise from ordering of other highF. oxides**~*” The only observed
errors in background removal. change is the normal Debye-like thermal contraction of the
Although the CgCuQ, sample is single phase, it is nec- lattice and a decrease in the isotropic thermal parameters
essary to include three phases in order to fully index all thewith decreasing temperature.

Atomic structure refinement
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TABLE I. Results of the structural refinements at room tempera- Cm L_-edge
ture (RT), 35 K, and 15 K. Lattice parametefs andc), volume of e 3{ ———— -
a unit cell, thez of the Cm ion, and Cm-O distances, (andr,) are 1.6 A Cm +3 1
shown here. Cm has eight nearest-neighbor oxygen atoms: four at I b
distancer, and other four at distance,. Note that the atomic g }
position for Cm is (0,&). The structure at 15 K was not refined @ 1-2}
because of the additional magnetic intensities present below 25 K. &
T -“:’ 0.8f
emperature RT 35K 15 K =
a(h) 3.93081) 3.92342) 3.92341) E F
c(A) 12.11207) 12.078%11)  12.074%9) > 04
Volume (A) 187.12011) 185.92717) 185.86014) r / b [
z 0.35114) 0.35105) o= e T ew e
rq 2.315322) 2.310234) 18940 18980 19020 19060
ry 2.667629) 2.662440) Energy (eV)

FIG. 3. The CmL3-edge XANES spectra for G8uQ, is com-

A comparison of the lattice constants aReD distances pared to a spectrum obtained from trivaléslution and tetrava-
obtained here for the Cm compound with those observed foent (CmQ) Cm standards. The fluorescence data are shown for
other trivalentR in R,CuQ, is consistent with the expecta- Cm solution, whereas transmission data are shown for Car@
tion that Cm is trivalent in this compound. For example, Cm,CuQ, because the thickness of the sample may vitiate the flo-
unit-cell volumes as a function of trivalent ionic radii are rescence data. However florescence spectra also qualitatively show
plotted in Fig. 2. The ionic radius of trivalent C(h.10 A) is t_he same r_es_ults_. The inset shows the first deriva_tive of the intensi-
significantly larger than that of tetravalent C(®.95 R).18 tle_S. The similarity l_)et\_/veen the two s_pectra o_btalned _from Cm so-
The lattice parameters, unit-cell volume, aReD distances !utlon and CnaCuO4|r_1d|cates_that Cm ions are in the trivalent state
for various R in R,CuO, (Refs. 19 and 20 increases in Cm,CuQy. There is no evidence of a tetravalent component to
smoothly with increasing ionic radii, and GEuO, follows the spectrum.
the same trend. The trivalent ionic radius of Cm is only
slightly less than that of Nd, and the measured lattice paranravalent standards in Fig. 3. The spectrum from the’Cm
eters, volume, anB-O distances of Cm are also only slightly has a maximum at 18 979 eV. The absorption-edge position,
smaller than those of Nd. If the Cm ion was tetravalent, thes@s defined by the peak in the first derivatiighown in the
values would be significantly smaller, therefore the neutronfigure insetis at 18 973 eV. The Cft standard has a maxi-
diffraction data at all temperatures are consistent with trivaimum at 18984 eV with an absorption-edge position of
lent Cm in CmCuQ,. The Cu-O distances also follow the 18977 eV. The 4-eV shift of edge position to higher energy
trends established for the other members offthgeries, and with increasing Cm valence is consistent with shifts ob-
show no shortening that could explain either the high magserved for 3-/4+ spectra from other actinide ion&*-?>
netic ordering temperature or the absence of superconductiv-ray absorption near-edge structure XANES data on
ity in the doped material. There is no evidence from ourCm,CuQ, have a peak at about 18 979 eV with an absorption

refinement of interstitial Cm or O in this compound. edge at 18973 eV. A comparison between the data from
Cm,CuQ, and the valence standards demonstrates that Cm is
X-ray-absorption near-edge spectroscopy trivalent in CmCuGQ,. An analysis ofl,- andL,-edge data

(not shown provide the same result. Our measutedand

L, Cm edges are at 23662 and 24547 eV for the standard
‘and our CuO sample whereas these same edges were at
23666 and 24 551 eV for tetravalent Cm in Cpn@ should

be noted that these measured edge energies are significantly
different from those tabulated in the literatfr&here is no
evidence of Crfi* in Cmy,CuQ,. The XANES results, to-
gether with the neutron-diffraction analysis, show that Cm is
trivalent.

The Lz-edge absorption spectrum from Cm in b0,
is compared with similar spectra taken on trivalent and tet

192

R2Cu0 A

188

184 -

Volume (A%)

Magnetic susceptibility

The magnetic susceptibility of G;8uQ, as a function of
temperature is shown in Fig.*Fitting the data above 50 K
0T T2 ‘ to x=c/(T+ 6) demonstrates Curie Weiss behavior. The ef-
fective momentu.;, determined from the Curie constant
cf mer=(8c)"?], is 7.89(5ug . The measured effective mo-
FIG. 2. Unit-cell volume ofR,CuQ, as a function of trivalent ment is expected to be dominated by €mwhich has a
(R®*) ionic radius for variouR. Volumes for otheR, and trivalent ~ free-ion magnetic moment of 7.24 . In contrast, the spin
ionic radii were obtained from elsewhefRefs. 18 and 19 only moment expected for Gtiis 1.73ug. The Cm to Cu

180 =

108
Trivalent ionic radius (A)

1.06
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FIG. 4. The temperature dependence of the magnetic suscepti- & g0t 15K ]
bility for Cm,CuQ, at low temperature$.The cusp at 25 K indi- 8 ]
cates the antiferromagnetic ordering of Cm ions in this compound. (U 50} 3
ration is 2:1, and the measured susceptibility is proportional OA, , , ) ) 1
to the square of the effective moment, therefore no direct 60 T A+ (7.0.5) o0 - ' ]
information can be determined from the measured suscepti- ol «—(1.1,2) & . 0(20)
bility about the maggetic behavior of Cu in this compound. *g 15K - 35K ( ¢ "
Any splitting of the °S;/, ground state is not expected to 2 4} b
significantly influence the magnetic susceptibility over the 8
temperature range used to determine the effective moment. 0
The effective moment determined here for £3u0, is 2
the same as that determined for the trivalent sesquioxide I , . . ‘

Cm,0;,2 but smaller than the 8.9(3) determined for 2 3 4 5 6
CmBaCu;0,,%* and larger than the 7.645 determined for . 2
Cs,NaCmCE.% It is clear from these measurements that d Spacing (A)
n .
Ce” has an effective moment near to that expected from FIG. 5. Neutron powder diffraction pattern for GBuQ,, which

Russel_l Saunders cpupling. This reSUIt,is not CO,nSiStem V\{itlﬂasTN of 25 K. These data, which are not normalized to the inci-
a previous calculation that suggests intermediate couplingent heam, were collected at an average diffraction angle of 60
will significantly reduce the magnetic moment of €mat degree(a) data at 35 K(aboveT,) where only nuclear peaks are
higher temperatur&. Finally, it should be noted that Ch  observed(b) At 15 K (belowT,) where both nuclear and magnetic
has a’F, ground term and therefore an effective moment ofpeaks are observedc) Magnetic diffraction pattern obtained by
Oug at lower temperatures. The presence*Cmvould result  subtracting the 35-K data from the data at 15 K. Both nuclear and
in a measured susceptibility reduced from the free-ion valuemagnetic peaks appear at the same position.
The fact that our measurement is in agreement with expec- | | ributi to the intensities. At 15 K f
tation for Cn?* supports our conclusions based on the strucON'y huciear contributions to the intensities. fA Some o
the Bragg peaks show markedly increased intensities that are
tural and XANES data. . ; ; .
. I . attributed to diffraction from ordered Cm moments. This in-
The low-temperature magnetic susceptibility as a function : . . ;
- creased intensity can be seen from the diffraction pattern
of temperature, also shown in Fig. 4, has a cusp centered &

25 K. The magnitude of the cusp indicates that it arises froniS?'zv gall?a?gm%r)]evg(? (;';?;’ obtained by subtracting the

the ordering of Cm moments. Although this type of cusp : - .
behavior is expected for antiferromagnetic ordering, it could All observed magnetic peaks shown in Figchcoincide

also result from a splitting of the Ci ground state, as m;hc?]lé%??;pjrilfs(ée-nh?hg?en:“e II? dle ;fedi}z’fél)etigsv?/ic:ﬁ?n
mentioned above. In order to determine if the observed cusp o T tegers .

: ) k+Il=even. The chemical and magnetic unit cells in
is a result of an ordering of the Ch moments, low- Cm,CUO, are the same and the propagation vectd0ie,0
temperature neutron-diffraction data were obtained and an ik 4 propag 9.9.

lyzed for a contribution from coherent magnetic scattering.%{g?eggn;ﬁcjoétth'suga%r}ﬁtﬁhﬁz;]ngf%ﬁgiﬁg%g;%%m
. A

R ordering coincide with nuclear peaks. The absence of
(h/2ki2])-type peaks, where both andk are odd, elimi-

A comparison of the neutron-diffraction data obtained atnates the possibility of a simple antiferromagnetic ordering
room temperature, 35 K, and 15 K shows no indication ofin the a-b plane like the one observed for Nd in
additional peaks or line broadening at lower temperaturesNd,CuQ,.?2?° The well defined magnetic peaks in the differ-
This observation rules out both a structural phase change arghce spectrum confirm the hypothesis that the cusp in the
new peaks arising from magnetic ordering of the Cm mo-susceptibility arises from an ordering of magnetic moments,
ments. In order to further probe for any magnetic contribu-and not from a structural phase change or from crystal-field
tion to the 15-K data, which is below the cusp temperatureeffects.
we directly compare the intensities of the 35 and 15 K data The nature of the magnetic ordering in gbuQ, can be
in Fig. 5. At 35 K, the data are adequately modeled assumindetermined from the data shown in Figcbafter they are

Magnetic structure
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TABLE Il. Observed and calculated intensitiesgjuare of mag-
Cm,CuO,

netic structure factojsof the magnetic Bragg intensities from
Cm,CuQy at 15 K. The observed intensities were normalized to the
incident beam and corrected for multiplicity facto¥() and the

Lorentz factor ().
Peak position Multiplicity —Observed Calculated —v
(d)in A Indexing (M) intensity  intensity
Y o -
6.038 (0,0,2 2 20.3+3.0 20.5 - Py
3.734 (1,0, 8 5.8+0.7 6.1
3.023 (0,0,9 2 1.7+2.0 4.3 e Cm
2.814 (1,0,3 8 0.8+0.5 1.0 i add
2.524 1,1,2 8 6.6+1.2 5.6 il — ¢
2.047 (1,0,5 8 9.4+2.6 8.5
1,14 8 - b
1.869 (2,0,2 8 4.3+1.4 24 a

corrected for the incident neutron flux, which varies with FIG. 6. Cm magnetic structure in G@UO,. The spins in the

. - o . . -b pl li llel, while the spins in the adj
spacing. The magnetic diffraction intensities are proportiona b planes are aligned paraliel, while the spins in the adjacent

to th £ th i t df impl | lanes are aligned antiparallel. The spin direction is in ahb
.O € square .0 € magnetic momfn » andtora simpie co plane. The specific direction within the-b plane cannot be ob-
linear magnetic structure are given*fy

tained from our powder-diffraction data.

2 12

e
I.=C Y 2 (WY Tf(DPFulX1— (7 @)*)M,L,. (1)  expected for arf’ configuration assuming a simple Russell-
2m Saunders coupling scheme. The full saturation moment for
HereC is an instrument constant, which is obtained using thehe spherically symmetric ground state is expected to be
intensities of the nuclear peaks. The quantity in the larg&/ ug. The reduced value obtained for the ordered moment
parentheses is the neutron electron coupling constamhay be the result of a splitting of the Gmground staté.
(—0.27x10 *2cm), () is the thermal average of the or- However, it is probable that the temperature is not low
dered moment, and(7) is the magnetic form factor. The enough to have measured the full saturation moment. If the
magnetic form factor for Cm has been previously calculatedCm-moment ordering follows a Brillouin function, the re-
by Desclaux and FreemahM . is the multiplicity factor for ~ duced moment of 4.8(2)s would correspond to a tempera-
powder reflectionl ; is Lorentz factor, andr, is the mag- ture of about 19 K. A similar temperature is obtained if it is
netic structure factorr and & are unit vectors in the direc- assumed that the reduced moment follows the same tempera-
tion of the reciprocal-lattice vectar and the moment direc- ture dependence as that previously determined for Gd in
tion, with an orientation factof1— (7 )% that must be Gd,CuQ,.® This temperature is within our rather large ex-
calculated for all possible domains. perimental error, which arises because of the extensive
The intensities of the observed peaks, after corrections fosample containment and the self-heating fréffCm radio-
incident beam intensity, Lorentz factor and multiplicities, areactive decay. Therefore the somewhat reduced moment de-
listed in Table Il. The strongest peak is 0,2 reflection.  termined from Cm in CCuQ, can be rationalized without
Note that this peak, together wiiti,0,1), has a negligible the necessity to invoke any crystal-field effects. The ob-
nuclear contribution to its intensity, as shown in Figa)s served and calculated intensities are given for selected mag-
and hence the magnetic contribution to these peaks are easigtic peaks in Table II.
observable. The observation of an interi®g,2 reflection The Cm spins in CgCuQ, have the simple magnetic
rules out the possibility that the magnetic moment orderstructure shown in Fig. 6. This structure consists of ferro-
along thec axis. If the moment were to order along the magnetic sheetsspins aligned parallglin the a-b plane,
axis, then the reciprocal lattice vecterand the moment with spins in adjacent sheets along thexis coupled anti-
direction u would be parallel, and the (0|), reflections ferromagnetically. This structure is the same as that previ-
would have zero intensity. Such a structure is observed foously observed for Gd, which is the £ounterpart of Cm, in
Sm,CuQ,.%° The observation of a stron(D,0,2 reflection  Gd,CuQ,.%’
shows that the moments order in theb plane. The easy There is no evidence of Cu moment ordering in our
direction within thea-b plane of a tetragonal structure can- neutron-diffraction data. The ordered moment of Cu is ex-
not be obtained from domain-averaged, powder neutrompected to be small40.2—0.54g). Our very small sample
data®? size(42 mg and the contribution to the neutron background
The magnitude of the magnetic peak intensities listed irfrom 2*®Cm radioactive decay combine to render unobserv-
Table Il indicates that the Cm must be involved in the tran-able a contribution from such a small moment. Unfortu-
sition at 25 K. The observed magnetic intensities are tomately, information about the Cu moment ordering is neces-
strong to be explained in terms of Cu moment ordering. Assary for understanding the overall effect that magnetism has
suming a Cm form factor, we obtained 4.8¢Z) for the  on superconductivity in the Th-doped sample. On the one
ordered moment of Cm at 15 K. This moment is smaller tharhand, without direct evidence to the contrary, it could be
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argued that the Cu sublattice in @BuO, behaves similarly compounds, except Gd. There is no anomaly in their struc-
to that for all othelR,CuQ,. Cu moments in these materials tures that could suggest a reason for this behavior. It has
order at similar temperatures, near room temperature, arleen previously suggested that the Gd analog does not su-
with similar antiferromagnetic structurés.On the other perconduct because the solid solution range of
hand, perhaps the Cm moments have strong enough interaed; - xCe.CuQ, does not extend to high enoughto intro-
tions to influence the Cu ordering. Precedence for this influduce sufficient carriers. This argument does not appear valid
ence is found in the Pr-Gd analogs, in whiBhappears to for the Cm analog. X-ray diffraction on the Th-doped Cm
influence details of copper orderifgThe Cm moments or- Sample shows no evidence of phase separation. The most
der at 25 K, which is a much higher temperature than th@robably impurity phase is ThOIts high symmetry and its
5.95 K found for SreCuQ, (Ref. 33 or the 6.5 K found for ~ stoichiometry, together with the high atomic number of Th,
Gd,CuO,.** Even with appropriate doping of Th, the Cm indicate that Th@should be detectable, even at low concen-
compound has a cusp in the susceptibility at 13 K, indicatingrations in the sample.
the Cm moment ordering persists at doping levels that are Cm,CuO, and G4CuQ, have two other features in com-
expected to result in superconductivity. mon. They both have af’ configuration and therefore a

In the rare-earth cuprates, nearest-neighbor Cu spins igpherically symmetric ground state, to first order. It has been
thea-b plane order antiferromagnetically. In particular, therepreviously suggested that the lack of an orbital contribution
is a strong coupling between the Nd and Cu sublattices 0 the ground state inhibits superconductivityThis argu-
Nd,CuQ, because the Nd and Cu have the same magneti@ent is difficult to rationalize with the results obtained
symmetry?®3®In Pr,CuQ, the Cu sublattice induces a small herein, in part because the Cm ground state is known to split,
moment on ﬁr+,29 which has a Sing|et ground state in this as the result of intermediate COUp“F]g\Iith an overall Split-
material®® The antiferromagnetically ordered Cu sublatticeting in the energy range that could significantly influence
produces a net polarizing field at tResite. This field has the superconductivity and magnetic ordering. The other feature
same symmetry as the Nd magnetic symmetry when it orderfat they have in common is their high magnetic ordering
spontaneously. The induced moment for Nd was observed t&mperatures relative to oth&Cu0,. In part this may be
temperatures as high as 80 K as the result of this polarizingue to the large moment on Gd and Cm. However, it should
field. Such a strong coupling is not observed in, 80O, or  be stressed that high magnetic ordering temperatures are also
Gd,CuQ, because the rare-earth and Cu magnetic structure@served for PrB£u;0; and CmBaCu,0,, which also do
are different. It is expected that the Cm and Cu magnetid0t superconduct. In addition, f8rPr,_,CaCusOg shows
structures are different from each other in £uQ, also, & modestly elevatedy(x=0) for Pr ordering, at the same
and such a strong coupling is not expected. In principle, théime it has a modestly reducdd(x=.5). Gd and Cm in the
Cu sublattice polarizes rare-earth spins inRJICuQ, com-  R,CuQ, series have the same magnetic structure to their or-
pounds, and there is an indication for an induced Gd momerfiered moments, and this structure is different from the other
due to the polarization by the Cu sublattice in,GdQ,.3”  analogs of this series that are the parent phases of the elec-
Such a small effect cannot be ruled out from our neutrorifon superconductors. Therefore it is important to understand
measurements, which were obtained on a powder sample.as much as we can about the magnetic behaviors of these

It is expected that exchange interactions are responsiblgompounds. Unfortunately, we were not able to determine
for the Cm moment ordering in this system. Clearly dipoleinformation about the Cu moment ordering from these ex-
interactions can be ruled out because the maximum temper@eriments, which might prove useful in understanding the
ture expected for dipole-type ordering is less than about 2 Krole of symmetry and magnetism in the high-cuprates.
The Cm ordering temperaturd@ () is higher than any other
R ordering temperature iR,CuQ,, where highesfly ob-
served is 6.4 K for Gd* The unusually high ordering tem-
perature in CpCuQy indicates that the exchange interactions  We would like to thank G. H. Lander and J. W. Richard-
are very strong in this compound. son for helpful discussions. Work at Argonne is supported by

Cm,CuQ, does not superconduct when appropriatelythe DOE Basic Energy Sciences, Chemical Sciences, under
doped with electrondjn contrast to all the otheéF’ R,CuQ,  W-31-109-ENG-38.
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